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Notice

All information included in this document is current as of the date this document isissued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful atention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any lossesincurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the devel opment of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errorsin or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not bein any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances, machine tools; personal electronic equipment; and industrial robots.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physica injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as aresult of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sdes office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




To all our customers

Regarding the change of names mentioned in the document, such as Hitachi
Electric and Hitachi XX, to Renesas Technology Corp.

The semiconductor operations of Mitsubishi Electric and Hitachi were transferred to Renesas
Technology Corporation on April 1st 2003. These operations include microcomputer, logic, analog
and discrete devices, and memory chips other than DRAMs (flash memory, SRAMs etc.)
Accordingly, although Hitachi, Hitachi, Ltd., Hitachi Semiconductors, and other Hitachi brand
names are mentioned in the document, these names have in fact all been changed to Renesas
Technology Corp. Thank you for your understanding. Except for our corporate trademark, logo and
corporate statement, no changes whatsoever have been made to the contents of the document, and
these changes do not constitute any alteration to the contents of the document itself.

Renesas Technology Home Page: http://www.renesas.com

Renesas Technology Corp.
Customer Support Dept.
April 1, 2003
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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better and more reliable, but
thereis aways the possibility that trouble may occur with them. Trouble with semiconductors may lead to persona injury, fire
or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i)
placement of substitutive, auxiliary circuits, (ii) use of nonflammable materia or (iii) prevention against any malfunction or
mishap.

Notes regarding these materials

1

These materials are intended as areference to assist our customersin the selection of the Renesas Technology Corporation
product best suited to the customer's application; they do not convey any license under any intellectua property rights, or any
other rights, belonging to Renesas Technology Corporation or athird party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any third-party's rights,
originating in the use of any product data, diagrams, charts, programs, algorithms, or circuit application examples contained in
these materials.

All information contained in these materials, including product data, diagrams, charts, programs and algorithms represents
information on products at the time of publication of these materials, and are subject to change by Renesas Technology
Corporation without notice due to product improvements or other reasons. It is therefore recommended that customers contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor for the latest product
information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other lossrising from these
inaccuracies or errors.

Please a so pay attention to information published by Renesas Technology Corporation by various means, including the
Renesas Technology Corporation Semiconductor home page (http://www.renesas.com).

When using any or al of theinformation contained in these materials, including product data, diagrams, charts, programs, and
algorithms, please be sure to evaluate al information as atotal system before making afinal decision on the applicability of
theinformation and products. Renesas Technology Corporation assumes no responsibility for any damage, liability or other
loss resulting from the information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for use in a device or system that is used
under circumstances in which human lifeis potentialy at stake. Please contact Renesas Technology Corporation or an
authorized Renesas Technology Corporation product distributor when considering the use of a product contained herein for
any specific purposes, such as apparatus or systems for transportation, vehicular, medical, aerospace, nuclear, or undersea
repeater use.

The prior written approva of Renesas Technology Corporation is necessary to reprint or reproduce in whole or in part these
materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be exported under alicense
from the Japanese government and cannot be imported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination is
prohibited.

Please contact Renesas Technology Corporation for further details on these materials or the products contained therein.
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Cautions

. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s
patent, copyright, trademark, or other intellectual property rights for information contained in
this document. Hitachi bears no responsibility for problems that may arise with third party’s
rights, including intellectual property rights, in connection with use of the information
contained in this document.

. Products and product specifications may be subject to change without notice. Confirm that you
have received the latest product standards or specifications before final design, purchase or
use.

. Hitachi makes every attempt to ensure that its products are of high quality and reliability.
However, contact Hitachi’ s sales office before using the product in an application that
demands especially high quality and reliability or where its failure or malfunction may directly
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear
power, combustion control, transportation, traffic, safety equipment or medical equipment for
life support.

. Design your application so that the product is used within the ranges guaranteed by Hitachi
particularly for maximum rating, operating supply voltage range, heat radiation characteristics,
installation conditions and other characteristics. Hitachi bears no responsibility for failure or
damage when used beyond the guaranteed ranges. Even within the guaranteed ranges,
consider normally foreseeable failure rates or failure modes in semiconductor devices and
employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi
product does not cause bodily injury, fire or other consequential damage due to operation of
the Hitachi product.

. This product is not designed to be radiation resistant.

. No oneis permitted to reproduce or duplicate, in any form, the whole or part of this document
without written approval from Hitachi.

. Contact Hitachi’ s sales office for any questions regarding this document or Hitachi
semiconductor products.




I ntroduction

The SH7020 and SH7021 are part of a new generation of reduced instruction-set computer-type
(RISC) microcomputers that integrate RISC-type CPUs and the peripheral functions required for
system configuration onto a single chip to achieve high-performance operations processing. They
can operate in a power-down state, which is an essential feature for portable equipment.

The SH7020 and SH7021 CPUs have RISC-type instruction sets. Basic instructions can be
executed in asingle clock cycle, which strikingly improves instruction execution speed. The
SH7020 and SH7021 include peripheral functions such as large-capacity ROM (PROM or masked
ROM), RAM, adirect memory access controller (DMAC), timers, a serial communication
interface (SCI), an interrupt controller (INTC), and 1/0 ports. These on-chip elements enable
users to construct systems with the fewest possible components. External memory access support
functions enable direct connection to SRAM and DRAM. without the use of glue logics.

This Hardware Manual describesin detail the hardware functions of the SH7020 and SH7021. For
information on the instructions, please refer to the Programming Manual.

Related Manuals
SH7000 Series Instructions
"SH-1/SH-2/SH-DSP Programming Manua"

For development support tools, contact your Hitachi sales office.



Organization of ThisManual

Table 1 describes how this manual is organized. Figure 1 shows the relationships between the
Sections within this manual.

Table 1 Manual Organization

Abbrevi-
Category Section Title ation Contents
Overview 1. Overview — Features, internal block diagram, pin layout,
pin functions
CPU 2. CPU CPU Register configuration, data structure.
instruction features, instruction types,
instruction lists
Operating 3. Operating — MCU mode, PROM mode
Modes Modes
Internal 4. Exception — Resets, address errors, interrupts, trap
Modules Processing instructions, illegal instructions
5. Interrupt INTC NMI interrupts, user break interrupts, IRQ
Controller interrupts, on-chip module interrupts
6. User Break UBC Break address and break bus cycles selection
Controller
Clock 7. Clock Pulse CPG Crystal pulse generator, duty correction circuit
Generator
Buses 8. Bus State BSC Division of memory space, DRAM interface,
Controller refresh, wait state control, parity control
9. Direct Memory DMAC Auto request, external request, on-chip
Access peripheral module request, cycle steal mode,
Controller burst mode
Timers 10. 16-Bit ITU Waveform output mode, input capture
Integrated- function, counter clear function, buffer
Timer Pulse operation, PWM mode, complementary PWM
Unit mode, reset synchronized mode, synchronized
operation, phase counting mode, compare
match output mode
11. Programmable TPC Compare match output triggers, non-overlap
Timing Pattern operation
Controller
12. Watchdog WDT Watchdog timer mode, interval timer mode
Timer
Data 13. Serial SCI Asynchronous mode, clock synchronous
Processing Communica- mode, multiprocessor communication function

tion Interface




Table 1 Manual Organization (cont)

Abbrevi-
Category Section Title ation Contents
Pins 14. Pin Function PFC Pin function selection
Controller
15. Parallel I/O 1/0 1/0O port
Ports
Memory 16. ROM ROM On-chip ROM
17. RAM RAM On-chip RAM
Power-Down 18. Power-Down — Sleep mode, standby mode
States States
Electrical 19. Electrical — Absolute maximum ratings, AC characteristics,

Characteristics Characteristics DC characteristics, operation timing




1. Overview

3. Operating modes|

| 4. Exception processing

| 5. Interrupt controller (INTC) |

| 6. User break controller (UBC)|

|7. Clock pulse generator (CPG)|

Timers

|
1

10. 16-bit integrated-timer
pulse unit (ITU)

8. Bus state controller (BC) |

9. Direct memory access

11. Programmable timing
controller (DMAC)

pattern controller (TPC)

12. Watchdog timer (WDT) |

F————————— — —

Data processing |

13. Serial communication
interface (SCI)

14. Pin function
controller (PFC)

15. Parallel I/0 ports|

| 18. Power-down states |

| 19. Electrical characteristics|

Manual Organization Scheme




Addresses of On-Chip Peripheral Module Registers

The on-chip peripheral module registers are located in the on-chip peripheral module space (area
5: H'5000000—H'5FFFFFF), but since the actua register space is only 512 bytes, address bits
A23-A9 areignored. 32k shadow areas in 512 byte units that contain exactly the same contents as
the actual registers are thus provided in the on-chip peripheral module space.

In this manual, register addresses are specified as though the on-chip peripheral module registers
were in the 512 bytes H'5FFFEQOO0-H'5FFFFFF. Only the values of the A27-A24 and A8-AO0 bits
arevalid; the A23-A9 bitsareignored. When H'5000000-H'50001FF is accessed, for example,
the result will be the same as when H'5SFFFEQO-H'5FFFFFF is accessed. For more details, see
Section 8.3.5, Area Description: Area5s.

Free Addressesin the On-chip Peripheral Module Space (Area 5)

Avoid reading/writing from/to the free addresses without registersin the on-chip peripheral
module space (area 5: H'5000000-H'5FFFFFF).
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Section1 Overview

11 SuperH Microcomputer Features

The SuperH microcomputer (SH7000 series) is anew generation reduced instruction set computer
(RISC) in which a Hitachi-original CPU and the peripheral functions required for system
configuration are integrated onto a single chip.

The CPU has a RISC-type instruction set. Most instructions can be executed in one clock cycle,
which strikingly improvesinstruction execution speed. In addition, the CPU has a 32-bit internal
architecture for enhanced data-processing ability. As aresult, the CPU enables high-performance
systems to be constructed with advanced functionality at low cost, even in applications such as
realtime control that require very high speeds, an impossibility with conventional microcomputers.

The SH microcomputer includes peripheral functions such as large-capacity ROM, RAM, adirect
memory access controller (DMAC), timers, a serial communication interface (SCI), an interrupt
controller (INTC), and /O ports. External memory access support functions enable direct
connection to SRAM and DRAM. These features can drastically reduce system cost.

For on-chip ROM, masked ROM or electricaly programmable ROM (PROM) can be selected.
The PROM version can be programmed by users with a general-purpose EPROM programmer.

Table 1.1 lists the features of the SH microcomputers (SH7020 and SH7021).
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Table1.1 Featuresof the SH7020 and SH7021 Microcomputers

Feature

Description

CPU

Original Hitachi architecture

32-bit internal data paths

General-register machine:
 Sixteen 32-bit general registers
» Three 32-hit control registers

» Four 32-bit system registers

RISC-type instruction set:

« Instruction length: 16-bit fixed length for improved code
efficiency

» Load-store architecture (basic arithmetic and logic operations
are executed between registers)

« Delayed unconditional branch instructions reduce pipeline
disruption

« Instruction set optimized for C language

Instruction execution time: one instruction/cycle (50 ns/instruction
at 20-MHz operation)

Address space: 4 Ghytes available on the architecture

On-chip multiplier: multiplication operations (16 bits x 16 bits —
32 bits) executed in 1-3 cycles, and multiplication/accumulation
operations (16 bits x 16 bits + 42 bits — 42 bits) executed in 2-3
cycles

Five-stage pipeline

Operating modes

Operating modes:
* On-chip ROMless mode
¢ On-chip ROM mode

Processing states:

¢ Power-on reset state

e Manual reset state

» Exception processing state
» Program execution state

» Power-down state

* Bus-released state

Power-down states:
« Sleep mode
« Software standby mode
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Table1.1l Featuresof the SH7020 and SH7021 Microcomputers (cont)

Feature Description

Interrupt controller (INTC) Nine external interrupt pins (NMI, IRQ0O-IRQ7)

Thirty internal interrupt sources

Sixteen programmable priority levels

User break controller (UBC) Generates an interrupt when the CPU or DMAC generates a bus
cycle with specified conditions

Simplifies configuration of a self-debugger

Clock pulse generator (CPG) On-chip clock pulse generator (maximum operating frequency:
20 MHz):

* 20-MHz pulses can be generated from a 20-MHz crystal with a
duty cycle correcting circuit

Bus state controller (BSC) Supports external memory access:
« Sixteen-bit external data bus

Address space divided into eight areas with the following preset
features:

* Bus size (8 or 16 bits)
» Number of wait cycles can be defined by user.
» Type of area (external memory area, DRAM area, etc.)

— Simplifies connection to ROM, SRAM, DRAM, and
peripheral I/O

When the DRAM area is accessed:
— RAS and CAS signals for DRAM are output

— Tp cycles can be generated to assure RAS precharge
time

— Address multiplexing is supported internally, so DRAM
can be connected directly

» Chip select signals (CS0 to CS7) are output for each area
DRAM refresh function:
* Programmable refresh interval

» Supports CAS-before-RAS refresh and self-refresh modes

DRAM burst access function:
» Supports high-speed access modes for DRAM

Wait cycles can be inserted by an external WAIT signal

One-stage write buffer improves the system performance

Data bus parity can be generated and checked
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Table 1.1 Features of the SH7032 and SH7034 Microcomputer s (cont)

Feature

Description

Direct memory access
controller (DMAC)
(4 channels)

Permits DMA transfer between the following modules:
« External memory

» External /0

¢ On-chip memory

 Peripheral on-chip modules (except DMAC)

DMA transfer can be requested from external pins, on-chip SCI, on-
chip timers, and on-chip A/D converter

Cycle-steal mode or burst mode

Channel priority level is selectable

Channels 0 and 1: dual or single address transfer mode is
selectable; external request sources are supported; Channels 2 and
3: dual address transfer mode, internal request sources only

16-bit integrated-timer
pulse unit (ITU)

Ten types of waveforms can be output

Input pulse width and cycle can be measured

PWM mode: pulse output with 0-100% duty cycle (maximum
resolution: 50 ns)

Complementary PWM mode: can output a maximum of three pairs
of non-overlapping PWM waveforms

Phase counting mode: can count up or down according to the phase
of an external two-phase clock

Timing pattern controller
(TPC)

Maximum 16-bit output (4 bits x 4 channels) can be output

Non-overlap intervals can be established between pairs of
waveforms

Timing-source timer is selectable

Watchdog timer (WDT)
(1 channel)

Can be used as watchdog timer or interval timer

Timer overflow can generate an internal reset, external signal, or
interrupt

Power-on reset or manual reset can be selected as the internal reset

Serial communication
interface (SCI) (2 channels)

Asynchronous or clocked synchronous mode is selectable

Can transmit and receive simultaneously (full duplex)

On-chip baud rate generator in each channel

Multiprocessor communication function
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Table1l.1l Featuresof the SH7032 and SH7034 Microcomputers (cont)

Feature Description
I/O ports Total of 40 I/O lines (32 input/output lines, 8 input-only lines):
» Port A: 16 input/output lines (input or output can be selected for
each bit)
» Port B: 16 input/output lines (input or output can be selected for
each bit)
On-chip memory SH7020: 16-kbyte masked ROM, and 1-kbyte RAM

SH7021: 32-kbyte electrically programmable ROM or masked Rom,
and 1-kbyte RAM

32-bit data can be accessed in one clock cycle
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Tablel.2 Product Line

Product  On-Chip Operating Operating Operating Marking
Number ROM Voltage Frequency temperature Model Model No. Package
SH7021 masked 5.0v 2 to 20MHz -20to +75 °C HD6437021X HD6437021TE 100-pin
ROM 210 16.6MHz -40to +85 °C HD6437021XIl HD6437021TEI plastic TQFP
3.3V 2t012.5MHz -20to +75 °C HD6437021VX HD6437021VTE (TFP-100B)
-40 to +85 °C HD6437021VXI HD6437021VTEI
PROM 5.0V 2 to 20MHz -20to +75 °C HD6477021X HD6477021TE
210 16.6MHz -40to +85 °C HD6477021XI HD6477021TEI
3.3v 21t012.5MHz -20to +75°C HD6477021VX HD6477021VTE
-40to +85 °C HD6477021VXI HD6477021VTEI
SH7020 masked 5.0V 2 to 20MHz -20to +75 °C HD6437020X HD6437020TE
ROM 210 16.6MHz -40to +85 °C HD6437020XI HD6437020TEl
3.3V 210 12.5MHz -20to +75 °C HD6437020VX HD6437020VTE
-40 to +85 °C HD6437020VXI HD6437020VTEI
ROMless 5.0v 2 to 20MHz -40 to +85 °C HD6417020SX20I HD6417020X20I
3.3V 210 12.5MHz -40to +85 °C HD6417020SVX12l HD6417020VX12|
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12
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Pin Descriptions
Pin Arrangement
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Figurel.2 Pin Arrangement

Notes: Vpp: SH7021 (PROM version)
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132 Pin Functions
Table 1.3 describes the pin functions.

Table1.3 Pin Functions

Type Symbol Pin No. I/O  Name and Function

Power Vee 13, 38, I Power: Connected to the power supply. Connect all
63, 73, Ve pins to the system power supply . The chip will not
80, 88 operate if any Ve pin is left unconnected.

Vsg 4,15,24, | Ground: Connected to ground. Connect all Vgg pins to

32,41, the system ground. The chip will not operate if any Vgg
50, 59, pin is left unconnected.
70, 81,
82,92

Vpp 76* RES pin in the MCU mode. Apply +12.5V when
programming the PROM in the SH7021 (PROM
version).

Clock EXTAL 71 Crystal/external clock: Connected to a crystal resonator
or external clock input having the same frequency as
the system clock (CK).

XTAL 72 Crystal: Connected to a crystal resonator with the same
frequency as the system clock (CK). If an external clock
is input at the EXTAL pin, leave XTAL open.

CK 69 (0] System clock: Supplies the system clock (CK) to
peripheral devices.

System RES 76 Reset: Low input causes a power-on reset if NMI is

control high, or a manual reset if NMI is low.

WDTOVF 75 (0] Watchdog timer overflow: Overflow output signal from
the watchdog timer.

BREQ 60 Bus request: Driven low by an external device to
request the bus ownership.

BACK 58 (0] Bus request acknowledge: Indicates that bus ownership

has been granted to an external device. By receiving
the BACK signal, a device that has sent a BREQ signal
can confirm that it has been granted the bus.

Note: Pin 76 is RES in the SH7020, SH7021 (Masked ROM version) and Vpp in the SH7021

(PROM version).
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Table1.3 Pin Functions (cont)

Type Symbol Pin No. I/O Name and Function

Operating MD2, 79-77 | Mode select: Selects the operating mode. Do not

mode MD1, change these inputs while the chip is operating. The

control MDO following table lists the possible operating modes and
their corresponding MD2-MDO values.
On-chip  Bus

Operating ROM Sizein
MD2 MDL MDO Mode Area 0
0 0 0 MCU mode  Disabled 8 bits
0 0 1 16 bits
0 1 0 Enabled**
0 1 1 (Reserved)
1 0 0
1 0 1
1 1 0
1 1 1 PROM

mode*?

Interrupts  NMI 74 I Nonmaskable interrupt: Nonmaskable interrupt request
signal. The rising or falling edge can be selected for
signal detection.

IRQO- 65-68, I Interrupt request 0—7: Maskable interrupt request
IRQ7 - signals. Level input or edge-triggered input can be
97-100
selected.
IRQOUT 61 (0] Slave interrupt request output: Indicates occurrence of
an interrupt while the bus is released.
Address  A21-A0 45-42, 40, O Address bus: Outputs addresses.
bus 39, 37-33,
31-25,
23-20
Data bus AD15- 19-16, 14, /O Data bus: 16-bit bidirectional data bus that is
ADO 12-5,3-1 multiplexed with the lower 16 bits of the address bus.
DPH 64 I/O  Upper data bus parity: Parity data for D15-D8.
DPL 62 I/O  Lower data bus parity: Parity data for D7-DO0.

Bus WAIT 54 | Wait: Requests the insertion of wait states (Tyy) into

control the bus cycle when the external address space is

accessed.

Notes : 1.Use prohibited in the SH7020 Romless version.
2.Can only be used in the SH7021 ZTAT version.
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Table1.3 Pin Functions (cont)

Type Symbol Pin No. 1/O Name and Function

Bus RAS 52 (0] Row address strobe: DRAM row-address strobe-timing
control signal.

(cont) CASH a7 (0] Column address strobe high: DRAM column-address

strobe-timing signal outputs low level to access the
upper eight data bits.

CASL 49 (0] Column address strobe low: DRAM column-address
strobe-timing signal outputs low level to access the
lower eight data bits.

RD 57 (0] Read: Indicates reading of data from an external device.

WRH 56 (0] Upper write: Indicates write access to the upper eight
bits of an external device.

WRL 55 (0] Lower write: Indicates write access to the lower eight
bits of an external device.

CS0-CS7  46-49, (0] Chip select 0-7: Chip select signals for accessing
51-54 external memory and devices.

AH 61 (0] Address hold: Address hold timing signal for a device
using a multiplexed address/data bus.

HBS, LBS 20, 56 (0] Upper/lower byte strobe: Upper and lower byte strobe
signals. (Also used as WRH and A0.)

WR 55 (0] Write: Brought low during write access. (Also used as
WRL.)
DMAC DREQO, 66, 68 DMA transfer request (channels 0 and 1): Input pins for
DREQ1 external DMA transfer requests.
DACKO, 65, 67 (0] DMA transfer acknowledge (channels 0 and 1):
DACK1 Indicates that DMA transfer is acknowledged.
16-bit TIOCAO, 51,53 I/O ITU input capture/output compare (channel 0): Input
integrated- TIOCBO capture or output compare pins.
timerpulse 15cA1 62,64  1/O  ITU input capture/output compare (channel 1): Input
unit (ITU) TIOCB1 capture or output compare pins.

TIOCA2, 83,84 I/O  ITU input capture/output compare (channel 2): Input
TIOCB2 capture or output compare pins.

TIOCA3, 85,86 I/O ITU input capture/output compare (channel 3): Input
TIOCB3 capture or output compare pins.

TIOCA4, 87,89 I/O  ITU input capture/output compare (channel 4): Input
TIOCB4 capture or output compare pins.
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Table1.3 Pin Functions (cont)

Type Symbol Pin No. 1/O Name and Function
16-hit TOCXA4, 90,91 (0] ITU output compare (channel 4): Output compare pins.
integrated- TOCXB4
tlmer pulse TCLKA- 65, 66, | ITU timer clock input: External clock input pins for ITU
unit(TY) o kp 90,91 counters.
Timing TP15- 100-93, O Timing pattern output 15-0: Timing pattern output pins.
pattern TPO 91-89,
controller 87-83
(TPC)
Serial TxDO, 94, 96 (0] Transmit data (channels 0 and 1): Transmit data output
com- TxD1 pins for SCIO and SCI1.
munication
interface RxDO, 93, 95 | Receive data (channels 0 and 1): Receive data input
(SCh) RxD1 pins for SCI0 and SCIL.
SCKO, 97, 98 I/O  Serial clock (channels 0 and 1): Clock input/output pins
SCK1 for SCIO0 and SCI1.
I/O ports PA15- 68-64, /O Port A: 16-bit input/output pins. Input or output can be
PAO 62-60, selected individually for each bit.
58-51
PB15- 100-93, /O Port B: 16-bit input/output pins. Input or output can be
PBO 91-89, selected individually for each bit.
87-83
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1.3.3 Pin Layout by Mode

Table 1.4 shows pin layout by mode

Table 1.4 Pin Layout by Mode

PROM Mode PROM Mode
Pin (SH7021PR- Pin (SH7021PR-
No. MCU Mode OM version) No. MCU Mode OM version)
1 ADO ADO 29 A8 A8
2 AD1 AD1 30 A9 OE
3 AD2 AD2 31 Al10 Al10
4 Vss Vss 32 Vss Vss
5 AD3 AD3 33 All All
6 AD4 AD4 34 Al2 Al2
7 AD5 AD5 35 Al3 Al3
8 AD6 AD6 36 Al4 Al4
9 AD7 AD7 37 Al5 Al5
10 ADS8 NC 38 Ve Vee
11 AD9 NC 39 Al6 Al6
12 AD10 NC 40  A17 Vee
13 Vee Vee 41 Vss Vss
14  AD11 NC 42  A18 Vee
15  Vgs Vss 43 A19 NC
16 AD12 NC 44 A20 NC
17 AD13 NC 45 A21 NC
18 AD14 NC 46 CS0 NC
19 AD15 NC 47 CS1/CASH NC
20 AO(HBS) A0 48 Cs2 NC
21 Al Al 49 CS3/CASL NC
22 A2 A2 50 Vss Vss
23 A3 A3 51 PAOQ/CS4/TIOCAO NC
24 Vss Vss 52  PA1/CS5/RAS NC
25 A4 Ad 53 PA2/CS6/ TIOCBO PGM
26 A5 A5 54 PA3/CS7T/WAIT CE
27 A6 A6 55 PA4/WRL(WR) NC
28 A7 A7 56 PA5/WRH(LBS) NC
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Table1.3.3 Pin Layout by Mode (cont)

PROM Mode
Pin (SH7021PR-
No. MCU Mode OM version)
57 PAG6/RD NC
58 PA7/BACK NC
59  Vss Vss
60  PAS/BREQ NC
61 PA9/AH/IRQOUT NC
62 PA10/DPL/TIOCA1L NC
63  Vcc Vee
64 PA11/DPH/TIOCB1 NC
65 PA12/IRQO/DACKO/ NC
TCLKA
66  PAL3/IRQUDREQY NC
TCLKLB
67 PA14/IRQ2/DACK1 NC
68  PA15/IRQ3I/DREQL NC
69 CK NC
70 Vss Vss
71 EXTAL NC
72 XTAL NC
73 Vcc Vee
74 NMI A9
75 WDTOVF NC
76  RES Vop
77 MDO Vee
78  MD1 Vee
79  MD2 Vee

PROM Mode

Pin (SH7021PR-
No. MCU Mode OM version)
80  Vcc Vee
8l  Vss Vss
82  Vss Vss
83 PBO/TPO/TIOCA2 NC
84 PB1/TP1/TIOCB2 NC
85 PB2/TP2/TIOCA3 NC
86 PB3/TP3/TIOCB3 NC
87 PB4/TP4/TIOCA4 NC
88  Vcc Vee
89 PB5/TP5/TIOCB4 NC
90 PB6/TP6/TOCXA4/ NC

TCLKC
91 PB7/TP7/TOCXB4/ NC

TCLKD
92 Vss Vss
93 PB8/TP8/RxD0O NC
94 PB9/TP9/TxDO0O NC
95 PB10/TP10/RxD1 NC
96 PB11/TP11/TXD1 NC
97 PB12/TP12/IRQ4/ NC

SCKO
98 PB13/TP13/IRQ5/ NC

SCK1
99 PB14/TP14/IRQ6 NC
100 PB15/TP15/IRQ7 NC
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Section2 CPU

2.1 Register Configuration

Theregister set consists of sixteen 32-bit general registers, three 32-bit control registers, and four
32-bit system registers.

211 General Registers (Rn)

General registers Rn consist of sixteen 32-bit registers (RO-R15). General registers are used for
data processing and address cal culation. Register RO also functions as an index register. For some
instructions, the RO register must be used. Register R15 functions as a stack pointer to save or
recover status registers (SR) and program counter (PC) during exception processing.

31 0

RO RO functions as an index register

R1 in the indexed register addressing
mode and indirect indexed GBR

R2 . )

addressing mode. In some instruc-

R3 tions, RO functions as a source

R4 register or a destination register.

R5
R6
R7
R8
R9
R10
R11
R12
R13
R14

R15, SP R15 functions as a stack pointer (SP)
during exception processing.

Figure2.1 General Registers(Rn)

212 Control Registers

Control registers consist of the 32-bit status register (SR), global base register (GBR), and vector
base register (VBR). The status register indicates processing states. The global base register
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functions as a base address for the indirect GBR addressing mode to transfer data to the registers
of peripheral on-chip modules. The vector base register functions as the base address of the
exception processing vector areaincluding interrupts.

31 98 76543210
SR| - ———————- MQI3I2 1110 -- ST | SR: Status register

T T |_>T bit: The MOVT, CMP, TAS, TST,

BT, BF, SETT, and CLRT instructions
use the T bit to indicate a true (1) or
false (0). The ADDV, ADDC, SUBV,
SUBC, DIVOU, DIVOS, DIV1, NEGC,
SHAR, SHAL, SHLR, SHLL, ROTR,
ROTL, ROTCR and ROTCL
instructions also use the T bit to indicate
carry/borrow or overflow/underflow

— S bit: Used by the MAC instruction.

» Reserved bits. These bits always read 0.
The write value should always be 0.

——»Bits 10-13: Interrupt mask bits.

»M and Q bits: Used by the DIVOU, DIVOS,
and DIV1 instructions.

Global base register (GBR):
31 0 Indicates the base address of the indirect
GBR GBR addressing mode. The indirect GBR
addressing mode is used to transfer data
to the register areas peripheral on-chip
modules.

31 0 Vector base register (VBR):
VBR Stores the base address of the exception
processing vector area.

Figure2.2 Control Registers

213 System Registers

System registers consist of four 32-bit registers: multiply and accumulate registers high and low
(MACH and MACL), procedure register (PR), and program counter (PC). The multiply and
accumulate registers store the results of multiply and accumulate operations. The procedure
register stores the return address from the subroutine procedure. The program counter stores
program addresses to control the flow of the processing.
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31 9 0 Multiply and accumulate (MAC) registers
: MACH high and low (MACH, MACL): Store the

: results of multiply and accumulate opera-

MACL tions. MACH is sign-extended when read

because only the lowest 10 bits are valid.

(sign extended)

31 0
| PR

Procedure register (PR): Stores a return
address from a subroutine procedure.

31 0 Program counter (PC): Indicates the
| PC fourth byte (second instruction) after
the current instruction.

Figure2.3 System Registers

214 Initial Values of Registers
Table 2.1 lists the values of the registers after reset.

Table2.1 Initial Valuesof Registers

Classification Register Initial Value
General register RO0-R14 Undefined
R15 (SP) Value of the stack pointer in the vector address table
Control register SR Bits 10-13 are 1111(H'F), reserved bits are 0, and other
bits are undefined
GBR Undefined
VBR H'00000000
System register  MACH, MACL, PR Undefined
PC Value of the program counter in the vector address
table

2.2 Data Formats

221 Data Format in Registers

Register operands are always long words (32 bits). When the memory operand is only a byte (8
bits) or aword (16 bits), it is sign-extended into along word when stored into aregister (figure
2.4).

RENESAS17



Long word

Figure2.4 DataFormat in Registers

222 Data Format in Memory

Memory data formats are classified into bytes, words, and long words. Byte data can be accessed
from any address, but an address error will occur if you try to access word data starting from an
address other than 2n or long word data starting from an address other than 4n. In such cases, the
data accessed cannot be guaranteed. The hardware stack area, which isreferred to by the hardware
stack pointer (SP, R15), uses only long word data starting from address 4n because this area stores
the program counter and status register (figure 2.5).

Address m + 1 Address m + 3
Address m Address m + 2
Tor y 23 15 ¢ 7 o
7 Byte O|7 Byte 0|7 Byte 0|7 Byte 0
Address 2n —» |15 Word 015 Word 0
Address 4n —» |31 Long word 0

Figure2.5 DataFormatin Memory

2.2.3 Immediate Data For mat

Byte (8-bit) immediate datais located in the instruction code. Immediate data accessed by the
MOV, ADD, and CMP/EQ instructionsis sign-extended and is handled in registers as long word
data. Immediate data accessed by the TST, AND, OR, and XOR instructionsis zero-extended and
is handled as long word data. Consequently, AND instructions with immediate data always clear
the upper 24 bits of the destination register.

Word or long word immediate data is not located in the instruction code but rather is stored in a
memory table. The memory table is accessed by aimmediate data transfer instruction (MOV)
using the PC relative addressing mode with displacement.
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2.3 I nstruction Features

231 RISC-Type Instruction Set
All instructions are RISC type. Their features are as follows:

16-Bit Fixed Length: Every instruction is 16 bits long, making program coding much more
efficient.

Onelnstruction/Cycle: Basic instructions can be executed in one cycle using the pipeline system.
One-cycleinstructions are executed in 50 ns at 20 MHz.

Data L ength: Long word is the standard data length for all operations. Memory can be accessed
in bytes, words, or long words. Byte or word data accessed from memory is sign-extended and
handled as long word data. Immediate data is sign-extended for arithmetic operations or zero-
extended for logic operations (handled as long word data).

Table2.2 Sign Extension of Word Data

CPU of SH7000 Series Description Conventional CPUs
MOV. W @di sp, PC), R1 Data is sign-extended to 32 bits, and ADD. W #H 1234, RO
ADD R1, RO R1 becomes H'00001234. It is next

...................... operated upon by an ADD instruction.

. DATA. W H 1234

Note: The address of the immediate data is accessed by @(disp, PC).

L oad-Store Architecture: Basic operations are executed between registers. For operations that
involve memory, datais loaded to the registers and executed (load-store architecture). Instructions
such as AND that manipulate bits, however, are executed directly in memory.

Delayed Branch Instructions: Unconditional branch instructions are delayed. Pipeline disruption
during branching is reduced by first executing the instruction that follows the branch instruction,
and then branching. See the SH-1/SH-2 Programming Manual for details.

Table2.3 Delayed Branch Instructions

CPU of SH7000 Series Description Conventional CPU
BRA TRGET Executes an ADD before ADD. W R1, RO
ADD R1, RO branching to TRGET. BRA TRGET

Multiplication/Accumulation Operation: The five-stage pipeline system and the on-chip
multiplier enable 16-bit x 16-bit - 32-bit multiplication operations to be executed in 1-3 cycles.
16-hit x 16-bit + 42-bit — 42-bit multiplication/accumul ation operations can be executed in 2-3
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cycles.

T bit: T bit (in the status register) is set according to the result of a comparison, and in turn isthe
condition (True/False) that determines if the program will branch. The T bit in the status register is
only changed by selected instructions, thus improving the processing speed.

Table24 T bit

CPU of SH7000 Series Description Conventional CPU
CWP/ GER1, RO T bit is set when RO = R1. The program CWMP. W R1, RO
BT TRGETO branches to TRGETO when RO = R1 BGE TRGETO
BF TRGET1 and to TRGET1 when RO<R1. BLT TRGET1
ADD #-1, RO T bit is not changed by ADD. T bitisset SUB. W #1, RO
TST RO, RO when R0=0. The program branches if BEQ TRGET

BT TRGET R0=0.

Immediate Data: Byte (8-bit) immediate dataislocated in the instruction code. Word or long
word immediate datais not located in instruction codes but is stored in amemory table. The
memory tableis accessed by aimmediate data transfer instruction (MOV) using the PC relative
addressing mode with displacement.

Table25 Immediate Data Accessing

Classification CPU of SH7000 Series Conventional CPU

8-bit immediate MOV #H 12, RO MOV.B #H 12, RO

16-bit immediate MOV. W @di sp, PC), RO MOV. W #H 1234, RO
. DATA. W H 1234

32-bit immediate MOV.L @disp,PC), RO MOV. L #H 12345678, RO
. DATA. L H 12345678

Note: The address of the immediate data is accessed by @(disp, PC).

Absolute Address: When datais accessed by absolute address, the value already in the absolute
addressis placed in the memory table. By loading the immediate data when the instruction is
executed, that value is transferred to the register and the datais accessed in the indirect register
addressing mode.
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Table2.6 Absolute Address Accessing

Classification CPU of SH7000 Series Conventional CPU

Absolute address MV.L @disp, PO, R1 MOV. B @H 12345678, RO
MOV. B@Rl, RO

. DATA. L H 12345678

Note: The address of the immediate data is accessed by @(disp, PC).

16/32-Bit Displacement: When datais accessed by 16-bit or 32-bit displacement, the pre-existing
displacement valueis placed in the memory table. By loading the immediate data when the
instruction is executed, that value is transferred to the register and the datais accessed in the
indirect indexed register addressing mode.

Table2.7 Accessing by Displacement

Classification CPU of SH7000 Series Conventional CPU

16-bit displacement MOV. W @disp, PC), RO MOV. W @H 1234, R1),
MV.W @RO, Rl1), R2 R2
. DATA. W H 1234

Note: The address of the immediate data is accessed by @(disp, PC).
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232 Addressing Modes
Addressing modes and effective address calculation are described in table 2.8.
Table2.8 Addressing Modes and Effective Addresses

Addressing Mnemonic

Mode Expression Effective Addresses Calculation Equation
Direct Rn The effective address is register Rn. (The operand is —
register the contents of register Rn.)
addressing
Indirect @Rn The effective address is the content of register Rn. Rn
oo | Rn | | R |
addressing Rn
Post-incre- @Rn + The effective address is the content of register Rn. A Rn
ment constant is added to the content of Rn after the (After the
indirect instruction is executed. 1 is added for a byte instruction is
register operation, 2 for a word operation, and 4 for a long executed)
addressing word operation.
Byte: Rn + 1
- Rn
Word: Rn + 2
-~ Rn
Long word:
Rn+4 - Rn
Pre-decre- @-Rn The effective address is the value obtained by Byte: Rn—1
ment subtracting a constant from Rn. 1 is subtracted fora - Rn
indirect byte operation, 2 for a word operation, and 4 for a Word: Rn — 2
register long word operation. ~ RN
addressing
Long word:
Rn-4 - Rn

Rn —1/2/4

(Instruction
executed with
Rn after
calculation)

22 RENESAS



Table2.8

Addressing M odes and Effective Addr esses (cont)

Addressing Mnemonic
Mode Expression Effective Addresses Calculation Equation
Indirect @(disp:4, The effective address is Rn plus a 4-bit displacement Byte: Rn +
register Rn) (disp). disp is zero-extended, and remains the same  disp
addressing for a byte operation, is doubled for a word operation, Word: Rn +
with and is quadrupled for a long word operation. disp x 2
displace-
ment Long word:

i Rn + disp x 4

disp Rn + disp x 1/2/4
(zero-extended)
Indirect @(RO, Rn)  The effective address is the Rn value plus RO. Rn + RO
indexed
register
addressing
©
Indirect @(disp:8, The effective address is the GBR value plus an 8-hit  Byte: GBR +
GBR GBR) displacement (disp). The value of disp is zero- disp
addressing extended, and remains the same for a byte Word: GBR +
with operation, is doubled for a word operation, and is disp x 2
displace- quadrupled for a long word operation.
ment Long word:
GBR + disp x
disp “GBR 4
(zero-extended) + disp x 1/2/4

Indirect @(RO, The effective address is the GBR value plus the RO. GBR + R0
indexed GBR)
GBR
addressing
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Table2.8 Addressing Modesand Effective Addresses (cont)

Addressing Mnemonic

Mode Expression Effective Addresses Calculation Equation

PC relative  @(disp:8, The effective address is the PC value plus an 8-bit Word: PC +

addressing  PC) displacement (disp). disp is zero-extended, and disp x 2

with dis- remains the same for a byte operation, is doubled for Long word:

placement a word operation, and is quadrupled for a long word PC &
operation. For a long word operation, the lowest two H'EEEEEEEC
bits of the PC are masked. +disp x 4

PC + disp x 2
or
PC & HFFFFFFFC
+ disp x 4

disp
(zero-extended)

*: For long word

PC relative  disp:8 The effective address is the PC value sign-extended PC + disp x 2
addressing with an 8-bit displacement (disp), doubled, and
added to the PC.

disp
(zero-extended)

PC + disp x 2

disp:12 The effective address is the PC value sign-extended PC + disp x 2
with a 12-bit displacement (disp), doubled, and
added to the PC.

disp
(zero-extended)

PC + disp x 2
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Table2.8 Addressing Modes and Effective Addresses (cont)

Addressing Mnemonic

Mode Expression Effective Addresses Calculation Equation
Immediate #imm:8 The 8-bit immediate data (imm) for the TST, AND, —
addressing OR, and XOR instructions are zero-extended.

#imm:8 The 8-bit immediate data (imm) for the MOV, ADD, —

and CMP/EQ instructions are sign-extended.

#imm:8 Immediate data (imm) for the TRAPA instruction is —
zero-extended and is quadrupled.

2.3.3 Instruction Formats

The instruction format refers to the source operand and the destination operand. The meaning of
the operand depends on the instruction code. Symbols are as follows.

XXXX Instruction code
mmmm  Source register
nnnn  Destination register
iiii Immediate data
dddd  Displacement

Table2.9 Instruction Formats

Source Destination Instruction
Instruction Formats Operand Operand Example
0 format — — NOP
15 0
XXXX  XXXX  XXXX  XXXX
n format — nnnn: Direct MOVT Rn
register
15 0 Control register  nnnn: Direct STS MACH, Rn
| xxxx| nnnn | XXXX  XXXX or system register
register
Control register  nnnn: Indirect pre- STC.L SR @Rn
or system decrement register
register
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Table2.9

Instruction Formats (cont)

Source Destination Instruction
Instruction Formats Operand Operand Example
m format mmmm: Direct Control register or  LDC Rm SR
register system register
15 mmmm: Indirect  Control register or  LDC. L
| XXXX |mmmm| XXXX  XXXX post-increment system register @m+, SR
register
mmmm: Direct — JMP @Rm
register
nm format mmmm: Direct nnnn: Direct ADD Rm Rn
register register
15 0 mmmm: Direct nnnn: Direct MOV.L Rm @n
| XXXX | nnnn |mmmm| XXXX | register register
mmmm: Indirect MACH, MACL MAC. W
post-increment @Rm+, @R+
register (multiply/
accumulate)
nnnn: Indirect
post-increment
register (multiply/
accumulate)*
mmmm: Indirect  nnnn: Direct MOV. L
post-increment register @Rm+, Rn
register
mmmm: Direct nnnn: Indirect pre- MOV.L Rm @
register decrement register Rn
mmmm: Direct nnnn: Indirect MOV. L
register indexed register Rm @ RO, Rn)
md format mmmmdddd: RO (Direct register) MOV. B
15 0 indirect register @di sp, Rm, RO
| XXXX  XXXX |mmmm| dddd W.'th
displacement
nd4 format RO (Direct nnnndddd: Indirect MOV. B
register) register with RO, @di sp, Rn)

| XXXX  XXXX | nnnn | dddd

displacement

Note:
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Table2.9 Instruction Formats (cont)
Source Destination
Instruction Formats Operand Operand Example
nmd format mmmm: Direct nnnndddd: Indirect MOV. L
15 0 register register with Rm @ di sp, Rn)
| XXXX | nnnn |mmmm| dddd displacement
mmmmdddd: nnnn: Direct MOV. L
Indirect register  register @di sp, RM, Rn
with
displacement
d format dddddddd: RO (Direct register) MOV. L
15 0 Indirect GBR @di sp, GBR), RO
XXXX  xxxX | dddd dddd W.'th
displacement
RO(Direct dddddddd: Indirect MOV. L
register) GBR with RO, @ di sp, GBR)
displacement
dddddddd: PC RO (Direct register) MOVA
relative with @di sp, PC), RO
displacement
dddddddd: PC — BF di sp
relative
d12 format dddddddddddd: — BRA di sp
15 o PCrelative
| %0 | dddd  dddd  dddd
nd8 format dddddddd: PC nnnn: Direct MOV. L
15 0 relative with register @di sp, PO, Rn
XXXX | nnnn | dddd dddd displacement
i format iiiiiiii: Immediate  Indirect indexed AND. B
GBR #i mMm @ RO, GBR)
15 0 iiiiiiii: Immediate RO (Direct register) AND #i mm RO
| XXXX  XXXX | P diii
iiiiiiii: Immediate = — TRAPA  #i nm
ni format iiiiiiii: Immediate  nnnn: Direct ADD #i mm Rn
15 0 register
| XXXX | nnnn| Pl il
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24 I nstruction Set

24.1 Instruction Set by Classification
Table 2.10 listsinstructions by classification.

Table2.10 Classification of I nstructions

Classifi- Operation Number of
cation Types Code Function Instructions
Data 5 MOV Data transfer, immediate data transfer, 39
transfer peripheral module data transfer, structure
data transfer

MOVA Effective address transfer

MOVT T bit transfer

SWAP Swap of upper and lower bytes

XTRCT Extraction of the middle of registers

connected

Arithmetic 17 ADD Binary addition 28
operations ADDC Binary addition with carry

ADDV Binary addition with overflow check

CMP/cond  Comparison

DIV1 Division

DIVOS Initialization of signed division

DIVoU Initialization of unsigned division

EXTS Sign extension

EXTU Zero extension

MAC Multiplication and accumulation

MULS Signed multiplication

MULU Unsigned multiplication

NEG Negation

NEGC Negation with borrow

SUB Binary subtraction

SUBC Binary subtraction with carry

SUBV Binary subtraction with underflow check
Logic 6 AND Logical AND 14
operations NOT Bit inversion

OR Logical OR

TAS Memory test and bit set
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Table2.10 Classification of Instructions (cont)

Classifi- Operation Number of
cation Types Code Function Instructions
Logic oper- 6 TST Logical AND and T bit set 14
ations(cont) XOR Exclusive OR
Shift 10 ROTL One-bit left rotation 14

ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit

ROTCR One-bit right rotation with T bit

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRn n-bit logical right shift
Branch 7 BF Conditional branch (T = 0) 7

BT Conditional branch (T = 1)

BRA Unconditional branch

BSR Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
System 11 CLRT T bit clear 31
control CLRMAC MAC register clear

LDC Load to control register

LDS Load to system register

NOP No operation

RTE Return from exception processing

SETT T bit set

SLEEP Shift into power-down mode

STC Storing control register data

STS Storing system register data

TRAPA Trap exception processing
Total 56 133
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Instruction codes, operation, and execution states are listed in the following format in order by
classification.

Table2.11 Instruction Code Format

Item Format Explanation
Instruction OP.Sz SRC, DEST OP: Operation code
mnemonic Sz: Size

SRC: Source

DEST: Destination

Rm: Source register
Rn: Destination register
imm: Immediate data
disp: Displacement*

Instruction MSB ~ LSB mmmm: Source register
code nnnn: Destination register
0000: RO
0001: R1
1111: R15

iiii: Immediate data
dddd: Displacement

Operation o, — Direction of transfer
summary (xx) Memory operand
M/QIT Flag bits in the SR
& Logical AND of each hit
[ Logical OR of each bit
A Exclusive OR of each bit
~ Logical NOT of each bit
<<n, >>n n-bit shift
Execution Value when no wait states are inserted
cycle

Instruction execution cycles: The execution cycles shown in
the table are minimums. The actual number of cycles may
be increased:

1. When contention occurs between instruction fetches
and data access, or

2. When the destination register of the load instruction
(memory - register) and the register used by the next
instruction are the same.

T bit Value of T bit after instruction is executed

— No change

Note: Scaling (x1, x2, x4) is performed according to the instruction operand size. See
"SH-1/SH-2 Programming Manual" for details.
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Table2.12 Data Transfer Instructions

Execu-
tion T
Instruction Instruction Code Operation Cycles bit
0. #i mm Rn 1110nnnniiiiiiii #imm - Sign extension - 1 —
Rn
MOV. W  @disp, PO, R0 1001nnnndddddddd (dispx2 + PC) - Sign 1 —
extension - Rn
MOV.L @disp, PC), Rn 1101nnnndddddddd (dispx4 + PC) - Rn 1 —
MoV Rm Rn 0110nnnnmmmmO011 Rm - Rn 1 —
MOV.B Rm @n 0010nnnnmmmD000 Rm - (Rn) 1 —
MOV. W Rm @Rn 0010nnnnmmMmO001 Rm - (Rn) 1 —
MOV.L Rm @Rn 0010nnnnmmmmOD010 Rm - (Rn) 1 —
MOV.B  @m Rn 0110nnnnmmm©D000 (Rm) - Sign extension - 1 —
Rn
MOV. W @Rm Rn 0110nnnnmmm©0001 (Rm) - Sign extension - 1 —
Rn
MOV.L @m Rn 0110nnnnmmm©D010 (Rm) - Rn 1 —
MOV. B Rm @-Rn 0010nnnnmmmD100 Rn-1 - Rn, Rm - (Rn) 1 —
MV. W Rm @Rn 0010nnnnmmmD101 Rn-2 - Rn, Rm - (Rn) 1 —
MOV.L Rm @Rn 0010nnnnmmmmD110 Rn-4 - Rn, Rm - (Rn) 1 —
MOV. B @Rmt, Rn 0110nnnnmmmOD100 (Rm) - Sign extension - 1 —
Rn,Rm+1 - Rm
MOV. W @mt, Rn 0110nnnnmmm©0101 (Rm) - Sign extension - 1 —
Rn,RM+2 -~ Rm
MOV.L @+, Rn 0110nnnnmmm0110 (Rm) - RnRm+4 - Rm 1 —
MV.B RO, @di sp, Rn) 10000000nnnndddd RO - (disp + Rn) 1 —
MOV. W RO, @di sp, Rn) 10000001nnnndddd RO - (dispx2 + Rn) 1 —
MOV.L Rm @di sp, Rn) 0001lnnnnmmmdddd Rm - (dispx4 + Rn) 1 —
MWV.B @disp, Rm, R0 10000100mmmdddd (disp + Rm) — Sign 1 —
extension - RO
MV. W @disp, R, R0 10000101nmmmdddd (dispx2 + Rm) - Sign 1 —
extension - RO
MW.L @disp, RmM,Rn 0101lnnnnmmmdddd (dispx4 + Rm) - Rn 1 —
MOV. B  Rm @ RO, Rn) 0000nnNnNNMMMOD100 Rm - (RO + Rn) 1 —
MOV. Rm @ RO, Rn) 0000nnnnmMMOD101 Rm - (RO + Rn) 1 —
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Table2.12 Data Transfer Instructions (cont)

Execu-
tion T
Instruction Instruction Code Operation Cycles bit
MOV.L Rm @ RO, Rn) 0000nnnnmMO110 Rm - (RO + Rn) 1 —
MWV.B @RO, R, Rn 0000OnnnnmmmML100 (RO + Rm) - Sign 1 —
extension — Rn
MOV. W @RO, Rn), Rn 0000nnnnmMML101 (RO + Rm) - Sign 1 —
extension - Rn
MWV.L @RO,Rn), Rn 0000nnnnmMmMMM1110 (RO + Rm) - Rn 1 —
MOV. B RO, @di sp, GBR) 11000000dddddddd RO - (disp + GBR) 1 —
MOV. W RO, @disp, GBR) 11000001dddddddd RO - (dispx2 + GBR) 1 —
MOV.L RO, @disp, GBR 11000010dddddddd RO - (dispx4 + GBR) 1 —
MOV.B @disp, GBBR), RO 11000100dddddddd (disp + GBR) - Sign 1 —
extension - RO
MOV. W @disp, GBBR), R0 11000101dddddddd (dispx2 + GBR) - Sign 1 —
extension - RO
MV.L @disp, GBBR), RO 11000110dddddddd (dispx4 + GBR) - RO 1 —
MOVA @disp,PC), R0 11000111dddddddd dispx4 + PC - RO 1 —
MOVT Rn 0000nnnNn00101001 T - Rn 1 —
SWAP. B Rm Rn 0110nnnnmmmi1000 Rm - Swap the bottom 1 —
two bytes - Rn
SWAP. W Rm Rn 0110nnnnmmml001 Rm - Swap two 1 —
consecutive words - Rn
XTRCT RmRn 0010nnnnmmmm101 Center 32 bitsof Rmand 1 —

Rn - Rn
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Table2.13 Arithmetic Instructions

Execution
Instruction Instruction Code Operation Cycles T bit
ADD Rm Rn 0011lnnnnmmml100 Rn+Rm - Rn 1 —
ADD #i nm Rn Olldnnnniiiiiiii Rn +imm - Rn 1 —
ADDC Rm Rn 0011lnnnnnmml110 Rn+Rm+T - Rn, 1 Carry
Carry - T
ADDV Rm Rn 0011nnnnmmmil11l Rn+Rm - Rn, 1 Overflow
Overflow - T
CVWP/ EQ #i nm RO 10001000iiiiiiii IfRO=imm,1 - T 1 Comparison
result
CVWP/ EQ Rm Rn 0011nnnnnmmmm®D000 IfRn=Rm,1 - T 1 Comparison
result
CVP/HS Rm Rn 0011nnnnmmm®D010 If Rn=Rm with 1 Comparison
unsigned data, 1 - T result
CWP/ GE Rm Rn 0011nnnnnmmmm®D011 If Rn= Rm with 1 Comparison
signeddata, 1 - T result
CWP/H Rm Rn 0011nnnnmmm®0110 If Rn > Rm with 1 Comparison
unsigned data, 1 - T result
CVMP/ GT Rm Rn 0011nnnnnmmm®D111 If Rn > Rm with 1 Comparison
signeddata, 1 - T result
CW/ PZ Rn 0100nnnn00010001 IfRN=20,1 - T 1 Comparison
result
CVMP/ PL Rn 0100nnnn00010101 IfRNn>0,1 - T 1 Comparison
result
CVMP/ STRRM Rn 0010nnnnmmm1100 If Rn and Rm have 1 Comparison
an equivalent byte, 1 result
-T
Dl Vi Rm Rn 0011nnnnmmm0100 Single-step division 1 Calculation
(Rn/Rm) result
DIVOS RmRn 0010nnnnnmmmO111 MSBofRn - Q, 1 Calculation
MSB of Rm - M, result
MAQ - T
DI VoU 0000000000011001 0 - M/QIT 1 0
EXTS.B Rm Rn 0110nnnnmmm1110 A bytein Rmissign- 1 —

extended - Rn
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Table2.13 Arithmetic Instructions (cont)

Execution
Instruction Instruction Code Operation Cycles T bit
EXTS. W Rm Rn 0110nnnnnmmmi111 A word in Rmis sign- 1 —
extended - Rn
EXTU. B Rm Rn 0110nnnnmmmi1100 A bytein Rmiszero- 1 —
extended - Rn
EXTU. W Rm Rn 0110nnnnnmmm1101 A word in Rmis zero- 1 —
extended - Rn
MAC. W  @mt+, @Rn+ 0100nnnnnmmmmil111l  Signed operation of  3/(2)* —
(Rn) x (Rm) + MAC
- MAC
MULS Rm Rn 0010nnnnnmmmml111  Signed operation of ~ 1-3* —
Rn xRm - MAC
MULU Rm Rn 0010nnnnmmmi110 Unsigned operation 1-3* —
of Rn xRm - MAC
NEG Rm Rn 0110nnnnnmm1011 O-Rm - Rn 1 —
NEGC Rm Rn 0110nnnnmmml010 O-Rm-T - Rn, 1 Borrow
Borrow - T
SuB Rm Rn 0011nnnnnmm1 000 Rn-Rm - Rn 1 —
SUBC Rm Rn 0011nnnnmml010 Rn-Rm-T - Rn, 1 Borrow
Borrow - T
SUBV Rm Rn 0011nnnnnmm1011 Rn-Rm - Rn, 1 Underflow

Underflow - T

Note: The normal minimum number of execution cycles (The number in parenthesis in the
number of cycles when there is contension with preceding/following instructions).
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Table2.14 Logic Operation Instructions

Executio
Instruction Instruction Code Operation n Cycles T bit
AND Rm Rn 0010nnnnnmmMM 001 Rn & Rm - Rn 1 —
AND #i nm RO 1100100%1iiiiiiii RO&imm - RO 1 —
AND. B #imm @RO, GBR) 11001101liiiiiiii (RO+GBR)&imm - 3 —
(RO + GBR)
NOT Rm Rn 0110nnnnnmmmD111 ~Rm - Rn 1 —
OoR Rm Rn 0010nnnnmmmi011 Rn|Rm - Rn 1 —
R #i mm RO 11001011iiiiiiii RO|imm - RO 1 —
OR B #imm@R0O, GBBR) 1100111%iiiiiiii (RO+ GBR)]|imm - 3 —
(RO + GBR)
TAS. B @n 0100nnnn00011011 If(Rn)is0,1 - T;1 - 4 Test
MSB of (Rn) result
TST Rm Rn 0010nnnnmmm1000 Rn & Rm; if the resultis 1 Test
0,1 -T result
TST #i mm RO 11001000iiiiiiii RO&imm;ifthe result 1 Test
is0,1 - T result
TST.B #inmm @RO, GBBR) 11001100iiiiiiii (RO+ GBR) & imm; if 3 Test
theresultis0,1 - T result
XOR Rm Rn 0010nnnnmMmmM1010 Rn”~Rm - Rn 1 —
XOR #i nm RO 11001010iiiiiiii RO”imm - RO 1 —
XOR B #imm @RO, BR) 11001110iiiiiiii (RO+GBR)”imm - 3 —
(RO + GBR)
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Table2.15 Shift Instructions

Instruction Instruction Code Operation Execution Cycles T bit
ROTL Rn 0100nnnn00000100 T « Rn - MSB 1 MSB
ROTR Rn 0100nnnn00000101 LSB - Rn - T 1 LSB
ROTCL Rn 0100nnnn00100100 T « RN « T 1 MSB
ROTCR Rn 0100nnnn00100101 T - Rn - T 1 LSB
SHAL Rn 0100nnnn00100000 T « Rn <O 1 MSB
SHAR Rn 0100nnnn00100001 MSB - Rn - T 1 LSB
SHLL Rn 0100nnnn00000000 T « Rn ~ O 1 MSB
SHLR Rn 0100nnnn00000001 O - Rn - T 1 LSB
SHLL2 Rn 0100nnnNn00001000 Rn<<2 - Rn 1 —
SHLR2 Rn 0100nnnn00001001 Rn>>2 - Rn 1 —
SHLL8 Rn 0100nnnn00011000 Rn<<8 - Rn 1 —
SHLR8 Rn 0100nnnn00011001 Rn>>8 - Rn 1 —
SHLL16 Rn 0100nnnn00101000 Rn<<16 - Rn 1 —
SHLR16 Rn 0100nnnn00101001 Rn>>16 - Rn 1 —
Table2.16 Branch Instructions
Executio

Instruction Instruction Code Operation n Cycles T bit
BF |abel 10001011dddddddd If T=0,dispx2+PC - PC; ifT=1,nop 3/1* —
BT |abel 10001001dddddddd If T =1, dispx2+PC - PC; ifT=0,nop 3/1* —
BRA | abel 1010dddddddddddd Delayed branch, dispx2 + PC - PC 2 —
BSR | abel 10l1ldddddddddddd Delayed branch, PC - PR, dispx2 +PC 2 —

- PC
JVP @Rm 0100mmmMD0101011 Delayed branch, Rm - PC 2 —
JSR @Rm 0100mmMMD0001011 Delayed branch, PC -~ PR, Rm - PC 2 —
RTS 0000000000001011 Delayed branch, PR - PC 2 —

Note: The execution state is three cycles when program branches, and one cycle when program
does not branch.
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Table2.17 System Control Instructions

Execution T bit

Instruction Instruction Code Operation Cycles
CLRT 0000000000001000 0 - T 1 0
CLRVAC 0000000000101000 0 - MACH, MACL 1 —
LDC Rm SR 0100mmMmD0001110 Rm - SR 1 LSB
LDC Rm GBR 0100mmD0011110 Rm - GBR 1 —
LDC Rm VBR 0100mmMmMD0101110 Rm - VBR 1 —
LDC. L @Rm+, SR 0100nmMmMD0000111 (Rm) - SR, Rm+4 - Rm 3 LSB
LDC. L @m+, GBR 0100mmmD0010111 (Rm) - GBR, Rm+4 . Rm 3 —
LDC. L @m+, VBR 0100mmmD0100111 (Rm) - VBR, Rm+4 - Rm 3 —
LDS Rm MACH 0100mmMmD0001010 Rm - MACH 1 —
LDS Rm MACL 0100mMmmmD0011010 Rm - MACL 1 —
LDS Rm PR 0100mmMmMD0101010 Rm - PR 1 —
LDS.L @m+, MVACH 0100mmmD0000110 (Rm) - MACH, Rm+4 - 1 —

Rm
LDS. L @m+, MACL 0100mmmD0010110 (Rm) - MACL, Rm+4 - 1 —

Rm
LDS. L @Rm+, PR 0100mmMm00100110 (Rm) - PR,Rm +4 - Rm 1 —
NOP 0000000000001001 No operation —
RTE 0000000000101011 Delayed branch, stack area 4 —

- PCISR
SETT 0000000000011000 1 - T 1 1
SLEEP 0000000000011011 Sleep 3* —
STC SR, Rn 0000nnNnNn00000010 SR - Rn 1 —
STC GBR, Rn 0000nnNnn00010010 GBR - Rn 1 —
STC VBR, Rn 0000nnNnn00100010 VBR - Rn 1 —
STC.L SR @Rn 0100nnnn00000011 Rn—4 - Rn, SR - (Rn) 2 —
STC.L GBR @Rn 0100nnnn00010011 Rn-4 - Rn, GBR - (Rn) 2 —
STC. L VBR, @Rn 0100nnnn00100011 Rn—-4 - Rn, VBR - (Rn) 2 —
STS MACH, Rn 0000nnnn00001010 MACH - Rn 1 —
STS MACL, Rn 0000nnNnn00011010 MACL - Rn 1 —
STS RR, Rn 0000nnNnn00101010 PR - Rn 1 —

Note: The number of execution states before the chip enters the sleep state.
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Table2.17 System Control Instructions (cont)

Execution T bit
Instruction Instruction Code Operation Cycles

STS.L MACH, @Rn 0100nnnn00000010 Rn-4 — Rn, MACH - (Rn) 1 —

STS.L MACL, @Rn 0100nnnn00010010 Rn-4 - Rn, MACL - (Rn) 1 —
STS.L PR @Rn 0100nnnn00100010 Rn-4 - Rn, PR - (Rn) 1 —
TRAPA #i mm 11000011iiiiiiii PCISR - stack area, 8 —

(immx4+VBR) - PC

Note: Instruction execution cycles: The execution cycles shown in the table are minimums. The
actual number of cycles may be increased:

1. When contention occurs between instruction fetches and data access, or

2. When the destination register of the load instruction (memory - register) and the
register used by the next instruction are the same.
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242

Operation Code Map

Table 2.18 is an operation code map.

Table2.18 Operation Code Map

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011-1111
MSB LSBMD: 00 MD: 01 MD: 10 MD: 11
0000|Rn  |Fx |0000
0000|Rn [Fx |0001
0000|Rn |Fx |0010 |STC SR Rn STC GBR Rn |[STC VBR Rn
0000|Rn [Fx |0011
0000|Rn  |Rm |01MD|MOV. B RM MOV. WRM MOV. L RM
@RO, Rn) @R, Rn) @ RO, Rn)
0000|0000 |[Fx |1000 |CLRT SETT CLRVAC
0000|0000 [Fx [1001 |NOP DI VOU
0000|0000 [Fx |1010
0000|0000 [Fx |1011 |RTS SLEEP RTE
0000|Rn  |Fx |1000
0000|Rn [Fx |1001
0000|Rn |Fx |1010 |STS MACH,Rn |STS MACL,Rn|STS PR Rn
0000|Rn  |[Rm |1011
0000|Rn  |Rm |11MD|MOV. B MOV. W MOV. L
@RO, RM, Rn @RO,RM,Rn |@RO, R, Rn
0001/Rn |Rm |disp [MOV.L Rm @di sp: 4, Rn)
0010|Rn  |[Rm |OOMD|MOV.B Rm @n |MOV. WRm @n |MOV.L Rm @n
0010|Rn  |[Rm |01IMD|MV.B Rm @ Rn |MOV. WRm @ Rn | MOV. L Rm @ Rn| DI VOS Rm Rn
0010|Rn  |Rm |10MD|TST Rm Rn AND RmRn |[XOR RmRn |OR Rm Rn
0010|Rn  |Rm |11MD|CMP/ STR XTRCT Rm Rn MULU Rm Rn MULS Rm Rn
Rm Rn
0011/Rn |Rm |0OMD|CMP/ EQ Rm Rn CWMP/ HS Rm Rn  |CMP/ GE Rm Rn
0011|Rn |Rm |01MD|DIV1 Rm Rn CW/ H RmRn |[CMP/ GT Rm Rn
0011|Rn |[Rm |[10MD|{SUB Rm Rn SUBC RmRn |[SUBV RmRn
0011|Rn |Rm |11MD|ADD Rm Rn ADDC Rm Rn |ADDV Rm Rn
0100/Rn [Fx |0000 [SHLL Rn SHAL Rn
0100|Rn |Fx |0001 |SHLR Rn CVP/ PZ Rn SHAR Rn
0100|Rn [Fx |0010 [STS.L MACH, STS. L MACL, STS. L PR,
@Rn @-Rn @-Rn
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Table2.18 Operation Code Map (cont)

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011-1111
MSB LSB |MD: 00 MD: 01 MD: 10 MD: 11
0100 |Rn Fx |0011 |STC. L STC. L STC. L
SR, @Rn GBR, @-Rn VBR, @-Rn
0100 |Rn Fx |0100 |ROTL Rn ROTCL Rn
0100 |Rn Fx 0101 |[ROTR Rn CMP/ PL Rn ROTCR Rn
0100 |Rm Fx |0110 |LDS. L LDS. L LDS. L
@mt, VACH @mt, MACL @mt, PR
0100 |Rm Fx |0111 |LDC. L LDC. L LDC. L
@mt, SR @mt, GBR @mt, VBR
0100 |Rn Fx 1000 |SHLL2 Rn SHLL8 Rn SHLL16 Rn
0100 |Rn Fx |1001 |SHLR2 Rn SHLR8 Rn SHLL16 Rn
0100 |Rm Fx 1010 [LDS Rm MACH|LDS Rm MACL |[LDS Rm PR
0100 |Rm/Rn|Fx |1011 [JSR @Rm TAS. B @n JMP @m
0100 |Rm Fx 1100
0100 |Rm Fx |1101
0100 |Rn Fx 1110 [LDC Rm Sr |LDC Rm GBR |[LDC Rm VBR
0100 |Rn Rm | 1111 |MAC. W@Rmt, @Rn+
0101 |Rn Rm |disp |[MOV.L @disp:4,Rm, Rn
0110 |Rn Rm |OOMD|MV. B @Rm Rn |[MOV. W@m Rn |[MOV. L @GRm Rn |[MOV  Rm Rn
0110 |Rn Rm |01MD|MOV. B MOV. W MOV. L NOT  Rm Rn
@mt+, R @m, R @mt+, R
n n n
0110 |Rn Rm | 10MD|SWAP. B SWAP. W NEGC RmRn |NEG RmRn
@R, Rn @R+, Rn
0110 |Rn Rm |11MD|EXTU. B Rm Rn |EXTU. WRm Rn |EXTS. B Rm Rn |EXTS. WRm Rn
0111 [Rn imm ADD #imm 8, Rn
1000 (OOMD |Rn |disp |MOV. B RO, MOV. WRO,
@disp:4,Rn) | @disp:4,Rn)
1000 |0OAMD |Rm |disp |MOV. B MOV. WRO,
@ di sp: 4, @ di sp: 4,
RM, RO Rn), RO
1000 |10MD | imm/disp |CVP/ EQ BT di sp: 8 BF di sp: 8
#i mm 8, RO
1000 |11MD | imm/disp
1001 |Rn disp MOV. W @ di sp: 8, PC), Rn
1010 disp BRA disp: 12
1011 disp BSR disp:12
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Table2.18 Operation Code Map (cont)

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011-1111
MSB LSB (MD: 00 MD: 01 MD: 10 MD: 11
1100 |OOMD| imm/disp |MOV.B RO,@ |(MOV.WRO,@ |MOV.L RO, @ |TRAPA #imm 8
(disp: 8, GBR) |(disp:8 GBR) |(disp:8, GBR)
1100 |01MD disp MOV. B MOV. W MOV. L MOVA
@ di sp: 8, @ di sp: 8, @ di sp: 8, @ di sp: 8,
GBR), RO GBR), RO GBR), RO PC), RO
1100 [10MD imm TST AND XOR R
#inm 8, RO #inm 8, RO #inm 8, RO #inm 8, RO
1100 [11MD imm TST.B AND. B XOR. B OR B
#i mm 8, #i mm 8, #i mm 8, #i mm 8,
@ RO, GBR) @ RO, GBR) @ RO, GBR) @ RO, GBR)
1101 |Rn disp MOV. L @disp:8,PC, Rn
1110 |Rn imm 0. #i mm 8, Rn
1111
25 CPU State
251 State Transitions

The CPU has five processing states. reset, exception processing, bus release, program execution
and power-down. The transitions between the states are shown in figure 2.6. For more information
on the reset and exception processing states, see section 4, Exception Processing. For details on
the power-down states, see section 19, Power Down States.
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Figure 2.6

Transitions Between Processing States

Reset State: In the reset state the CPU is reset. This occurs when the RES pin level goes low.
When the NMI pin is high, the result is a power-on reset; when it is low, a manual reset will

occur.When turning on the power
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On a power-on reset, all CPU internal states and on-chip peripheral module registers are
initialized. In amanual reset, all CPU internal states and on-chip peripheral module registers, with
the exception of the bus state controller (BSC) and pin function controller (PFC), are initialized.
On amanual reset, the BSC is not initialized, so the refresh operation will continue.

Exception Processing State: Exception processing is atransient state that occurs when the CPU’s
processing state flow is altered by exception processing sources such as resets or interrupts.

For areset, theinitia values of the program counter PC (execution start address) and stack pointer
SP are fetched from the exception processing vector table and stored; the CPU then branches to
the execution start address and execution of the program begins.

For an interrupt, the stack pointer (SP) is accessed and the program counter (PC) and status
register (SR) are saved to the stack area. The exception service routine start address is fetched
from the exception processing vector table; the CPU then branches to that address and the program
starts executing, thereby entering the program execution state.

Program Execution State: In the program execution state, the CPU sequentially executes the
program.

Power-Down State: In the power-down state, the CPU operation halts and power consumption
declines. The SLEEP instruction places the CPU in the power-down state. This state has two
modes: sleep mode and standby mode. Thisis described in more detail in section 2.5.1, Power-
Down State.

Bus Release State: In the bus rel ease state, the CPU rel eases rights to the bus to the device that
has requested them.

25.2 Power-Down State

In addition to the ordinary program execution states, the CPU a so has a power-down state in
which CPU operation halts and power consumption is lowered. There are two power-down state
modes:. sleep mode and standby mode.

Sleep Mode: When the standby bit SBY (in the standby control register SBY CR) iscleared to 0
and a SLEEP instruction executed, the CPU moves from program execution state to sleep mode.
In the sleep mode, the CPU halts and the contents of its internal registers and the datain on-chip
RAM are stored. The on-chip peripheral modules other than the CPU do not halt in the sleep
mode.

To return from sleep mode, use areset, any interrupt, or aDMA address error; the CPU returnsto
ordinary program execution state through the exception processing state.
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Softwar e Standby Mode: To enter the standby mode, set the standby bit SBY (in the standby
control register SBY CR) to 1 and execute a SLEEP instruction. In standby mode, all CPU, on-chip
peripheral module and oscillator functions are halted. CPU internal register contents and on-chip
RAM data are held.

To return from standby mode, use areset or an external NMI interrupt. For resets, the CPU returns
to ordinary program execution state through the exception processing state when placed in a reset
state during oscillator stabilization time. For NMI interrupts, the CPU returns to ordinary program
execution state through the exception processing state after the oscillator stabilization time has
elapsed. In this mode, power consumption drops markedly, since the oscillator stops.

Table2.19 Power-Down State

State

On-chip CPU
Peripheral Regi-

Mode Conditions Clock CPU Modules sters RAM I/O Ports Canceling
Sleep Execute SLEEP Run Halt Run Held Held Held 1. Interrupt
mode |nstruc_t|on with 2 DMA address
SBY. bit cleared error
to 0in SBYCR

3. Power-on
reset

4. Manual reset

Stand Execute SLEEP Halt Halt Halt and Held Held Held or 1. NMI
by instruction with initialize* high-z* Power-on
mode SBY bitsetto 1 (selectable) reset

in SBYCR

3. Manual reset

Note: Differs depending on the peripheral module and pin.
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Section 3 Operating Modes

31 Types of Operating Modes and Their Selection

The SH7020 and SH7021 operate in one of four operating modes (modes 0, 1, 2, and 7). Modes 0
and 1 differ in the bus width of memory area 0. The mode is selected by the mode pins (MD2—
MDO) asindicated in table 3.1. Do not change the mode selection while the chip is operating.

Table3.1 Operating Mode Selection

Pin Settings
Operating Mode MD2 MD1 MDO Mode Name Bus Width of Area 0

Mode 0*?2 0 0 0 MCU mode 0 8 bits

Mode 1*2 0 0 1 MCU mode 1 16 bits

Mode 2 0 1 0 MCU mode 2 On-chip ROM
Mode 7* 1 1 1 PROM mode —

Notes : 1.SH7021 PROM version only
2.0nly modes 0 and lare available in the SH7020 ROMless version.

3.2 Operating Mode Descriptions

321 Maode 0 (MCU Mode 0)

In mode O, memory area 0 has an eight-bit bus width. For the memory map, see section 8, Bus
State Controller.

322 Mode 1 (MCU Mode 1)

In mode 1, memory area 0 has a 16-bit bus width.

323 Moaode 2 (MCU Mode 2)

In mode 2, memory area 0 is assigned to the on-chip ROM.

324  Mode7 (PROM Mode)

Mode 7 isaPROM mode. In this mode, the EPROM can be programmed.For details,see section
16, ROM. Do not set to mode 7 unless the product is the SH7021(PROM version).
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Section 4 Exception Processing

4.1 Overview

411 Exception Processing Typesand Priorities
Asfigure 4.1 indicates, exception processing may be caused by areset, address error, interrupt, or

instruction. Exception sources are prioritized asindicated in figure 4.1. If two or more exceptions
occur simultaneously, they are accepted and processed in the priority order shown.
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Priority

High
* Power-on reset
— Reset A
_[ « Manual reset
Address _[ » CPU address error
error « DMA address error
* NMI
« User break
*IRQ * | RQO-I RQ7
Interrupt —— « Direct memory access
controller
Exception « 16-hit integrated-timer
source | . : | pulse unit
On-chip module  Serial communications
interface
« Parity control unit
(part of the bus con-
troller)
» Watchdog timer
— « DRAM refresh control
unit (part of the bus
controller)
e Trap instruction —— < TRAPA instruction
L— Instruction e General illegal —— « Undefined code
instruction
« lllegal slot —— « Undefined instruction
instruction or instruction that
rewrites the PC*1 \
placed directly after ~ Low
a delayed branch
instruction*2
Notes: 1. The instructions that rewrite the PC are JMP, JSR, BRA, BSR, RTS, RTE, BT, BF,
and TRAPA.

2.  The delayed branch instructions are JMP, JSR. BRA. BSR, RTS, and RTE.

Figure4.1 Exception Source Typesand Priority
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412 Exception Processing Operation
Exception sources are detected at the timesindicated in table 4.1, whereupon processing starts.

Table4.1 Exception Source Detection and Time of the Start of Processing

Exception Type Source Detection and Time of the Start of Processing

Reset Power-on Low-to-high transition at pin RES when NMI is high
Manual Low-to-high transition at pin RES when NMI is low

Address error Detected when instruction is decoded and starts after the

instruction that was executing prior to this point is completed.

Interrupt Detected when instruction is decoded and starts after the
instruction that was executing prior to this point is completed.

Instruction  Trap instruction Starts when a trap instruction (TRAPA) is executed.

General illegal  Starts when undefined code is decoded at a position other than

instruction directly after a delayed branch instruction (a delay slot).
lllegal slot Starts when undefined code or an instruction that rewrites the PC is
instruction decoded directly after a delayed branch instruction (in a delay slot).

When exception processing begins, the CPU operates as follows:

Resets: Theinitia values of the program counter (PC) and stack pointer (SP) are read from the
exception vector table (the respective PC and SP values are H'00000000 and H'00000004 for a
power-on reset and H'00000008 and H'0000000C for a manual reset). For more information on the
exception vector table, see section 4.1.3, Exception Vector Table. Next, the vector base register
(VBR) is cleared to zero and interrupt mask bits (13-10) in the status register (SR) are set to 1111.
Program execution starts from the PC address read from the exception vector table.

AddressErrors, Interruptsand Instructions: SR and PC are pushed onto the stack indicated in
R15. For interrupts, the interrupt priority level iswritten in the interrupt mask bits (13-10). For
address errors and instructions, bits 13- 0 are not affected. Next, the start address is fetched from
the exception vector table, and program execution starts from this address.

413 Exception Process Vector Table

Before exception processing can execute, the exception vector table must be set in memory. The
exception processing vector table holds the start addresses of exception service routines (the table
for reset exception processing storesinitial PC and SP values). Different vector numbers and
vector table address offsets are assigned to different exception sources. The vector table addresses
are calculated from the corresponding vector numbers and vector address offsets. In exception
processing, the exception service routine start address is fetched from the exception vector table
indicated by this vector table address.
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Table 4.2 lists vector numbers and vector table address offsets. Table 4.3 shows how to calculate
vector table addresses.

Table4.2 Exception ProcessVector Table
Vector
Exception Source Number Vector table Address Offset
Power-on reset PC 0 H'00000000—H'00000003
SP 1 H'00000004—-H'00000007
Manual reset PC 2 H'00000008—-H'0000000B
SP 3 H'0000000C—H'0000000F
General illegal instruction 4 H'00000010-H'00000013
(Reserved for system use) 5 H'00000014—-H'00000017
lllegal slot instruction 6 H'00000018-H'0000001B
(Reserved for system use) 7 H'0000001C-H'0000001F
8 H'00000020—-H'00000023
CPU address error 9 H'00000024—-H'00000027
DMA address error 10 H'00000028-H'0000002B
Interrupts NMI 11 H'0000002C—-H'0000002F
User 12 H'00000030-H'00000033
break
(Reserved for system use) 13-31 H'00000034—-H'00000037 to H'0000007C—
H'0000007F
Trap instruction (user 32-63 H'00000080—H'00000083 to H'000000FC—
vectors) H'000000FF
Interrupts IRQO 64 H'00000100—-H'00000103
IRQ1 65 H'00000104—-H'00000107
IRQ2 66 H'00000108-H'0000010B
IRQ3 67 H'0000010C—-H'0000010F
IRQ4 68 H'00000110-H'00000113
IRQ5 69 H'00000114-H'00000117
IRQ6 70 H'00000118-H'0000011B
IRQ7 71 H'0000011C-H'0000011F
On-chip 72-255 H'00000120-H'00000123 to H'000003FC—
modules* H'000003FF
Note: See table 5.3, Interrupt Exception Processing Vectors and Rankings, in section 5, Interrupt

Controller, for details on vector numbers and vector table address offsets of individual on-
chip peripheral module interrupts.
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Table4.3 Calculation of Exception Vector table Addresses

Exception Source Calculation of Vector table Addresses

Reset (Vector table address) = (vector table address offset) =
(vector number) x 4

Address error, interrupt, instructions  (Vector table address) = VBR + (vector table address offset)
= VBR + (vector number) x 4

Note: VBR: Vector base register. For vector table address offsets and vector numbers, see table
4.2.

4.2 Reset

421 Reset Types

A reset is the highest-priority exception. There are two types of reset: power-on reset and manual
reset. Astable 4.4 shows, a power-on reset initializes the internal state of the CPU and all registers
of the on-chip peripheral modules. A manual reset initializes the internal state of the CPU and all
registers of the on-chip peripheral modules except the bus state controller (BSC), pin function
controller (PFC) and 1/0 ports (1/0).

Table4.4 Reset Types

Transition Conditions Internal State
Reset NMI RES CPU On-Chip Peripheral Module
Power-on Reset  High Low Initialize  Initialize
Manual Reset Low Low Initialize  Initialize all except BSC, PFC and I/O

4.2.2 Power-On Reset

When the NMI pin is high, alow input at the RES pin drives the chip into the power-on reset state.
The RES pin should be driven low while the clock pulse generator (CPG) is stopped (or while the
CPG is operating during the oscillation settling time) for at least 20 tey to assure that the LS| is
reset. A power-on reset initializes the internal state of the CPU and all registers of the on-chip
peripheral modules. For pin states in the power-on reset state, see appendix B, Pin States.

While the NMI pin remains high, if the RES pinisheld low for a certain time then driven high in
the power-on state, power-on reset exception processing begins. The CPU then:

1. Readsthe start address (initial PC value) from the exception vector table.
2. Readstheinitial stack pointer value (SP) from the exception vector table.
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3. Clearsthe vector base register (VBR) to H'00000000, and sets interrupt mask bits 13-0 in the
status register (SR) to H'F (1111).

4. Loads the values read from the exception vector table into PC and SP and starts program
execution.

Further, make sure to carry out a power-on reset when turning on the power of the system.

423 Manual Reset

When the NMI pin is high, alow input at the RES pin drives the chip into the manual reset state.
To be assured of resetting the LSI, drive the RES pin low for at least 20 teye A manual reset
initializes the internal state of the CPU and all registers of the on-chip peripheral modules except
the bus state controller, pin function controller and 1/0 ports. Since amanual reset does not affect
the bus state controller, the DRAM refresh control function operates even if the manual reset state
continues for along time. When a manual reset is performed during the bus cycle, the manual
reset exception processing waits for the end of the bus cycle before beginning. The manual reset
thus cannot be used to abort the bus cycle. For the pin states during the manual reset state, see
appendix B, Pin States.

While the NMI pin remains low, if the RES pin isheld low for a certain time then driven highin
the manual reset state, manual reset exception processing begins. The CPU carries out the same
operations as for a power-on reset.

4.3 AddressErrors

431 AddressError Sources

Address errors occur during instruction fetches and data reading/writing as shown in table 4.5.
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Table45 AddressError Sources

Bus Cycle
Type Bus Master Operation Address Error
Instruction fetch CPU Instruction fetch from even address None (normal)
Instruction fetch from odd address Address error
Instruction fetch from outside on-chip None (normal)

peripheral module space

Instruction fetch from on-chip peripheral Address error
module space

Data read/write  CPU or DMAC  Access to word data from even address None (normal)

Access to word data from odd address Address error

Access to long word data aligned onlong  None (normal)
word boundary

Access to long word data not aligned on Address error
long word boundary

Access to word or byte data in on-chip None (normal)
peripheral module space*

Access to long word data in 16-bit on-chip  None (normal)
peripheral module space*

Access to long word data in 8-bit on-chip ~ Address error
peripheral module space*

Note: See section 8, Bus State Controller, for details on the on-chip peripheral module space.

432 AddressError Exception Processing

When an address error occurs, address error exception processing starts after both the bus cycle
that caused the address error and the instructions that were being executed at that time have been
completed. The CPU then:

1. Pushesthe SR onto the stack.

2. Pushes the program counter onto the stack. The PC value saved is the top address of the
instruction following the last instruction to be executed.

3. Fetches the exception service routine start address from the exception vector table for the
address error that occurred and starts program execution from that address. The branch that
occurs hereis not a delayed branch.
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4.4 Interrupts

44.1 Interrupt Sources

Table 4.6 lists the types of interrupt exception processing sources (NMI, user break, IRQ, on-chip
peripheral module).

Table4.6 Interrupt Sources

Interrupt Requesting Pin or Module Number of Sources
NMI NMI pin (external input) 1
User break User break controller 1
IRQ IRQO-IRQY7 pin (external input) 8
On-chip Direct Memory Access Controller 4
16-hit integrated-timer pulse unit 15

Serial communications interface

Watchdog timer

Bus state controller

Each interrupt source has a different vector number and vector address offset value. See table 5.3,
Interrupt Exception Vectors and Rankings, in section 5, Interrupt Controller, for details on vector
numbers and vector table address offsets.

442 Interrupt Priority Rankings

Interrupt sources are assigned priorities. When multiple interrupts occur at the same time, the
interrupt controller (INTC) ascertains their priorities and starts exception processing based on its
findings. Priorities from 160 can be assigned, with 0 the lowest level and 16 the highest. The
NMI has priority level 16 and cannot be masked. NM1 is aways accepted. The user break priority
level is 15. The IRQ and on-chip peripheral module interrupt priority levels can be set in interrupt
priority level registers A—E (IPRA-IPRE) as shown in table 4.7. Priority levels 0-15 can be set.
See section 5.3.1, Interrupt Priority Level Registers A—E (IPRA-IPRE), for details.

Table4.7 Interrupt Priority Rankings

Type Priority Comments

NMI 16 Fixed and unmaskable

User break 15 Fixed

IRQ and on-chip peripheral modules 0-15 Set in interrupt priority level registers A—E
(IPRA-IPRE)
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443 Interrupt Exception Processing

When an interrupt is generated, the INTC ascertains the interrupt rankings. NMI is always
accepted, but other interrupts are only accepted if their ranking is higher than the ranking set in the
interrupt mask bits (13-10) of the SR.

When an interrupt is accepted, interrupt exception processing begins. In the interrupt exception
processing sequence, the SR and PC are pushed onto the stack, and the priority level of the
accepted interrupt is copied to the interrupt mask level bits (13—-10) in the SR. In NMI exception
processing, the priority ranking is 16 but the value 15 (H'F) is stored in 13-10. The exception
service routine start address for the accepted interrupt is fetched from the exception vector table
and the program branches to that address and starts executing. For further information on
interrupts, see section 5.4, Interrupt Operation.

45 Instruction Exceptions
451 Types of Instruction Exceptions

Table 4.8 shows the three types of instruction that start exception processing (trap instructions,
illegal slot instructions, and general illegal instructions).

Table4.8 Typesof Instruction Exceptions

Type Source Instruction Comments

Trap instruction TRAPA —

lllegal slot Undefined code or instruction Delayed branch instructions are: JMP, JSR,

instruction that rewrites the PC located BRA, BSR, RTS, RTE. Instructions that
immediately after a delayed rewrite the PC are: JMP, JSR, BRA, BSR,

branch instruction (delay slot) RTS, RTE, BT, BF and TRAPA

General illegal  Undefined code in other than —
instructions delayed slot

452 Trap Instruction

Trap instruction exception processing is carried out when atrap instruction (TRAPA) is executed.
The CPU then:

1. Savesthe statusregister by pushing register contents onto the stack.

2. Pushesthe program counter value onto the stack. The PC value saved is the top address of the
next instruction after the TRAPA instruction.

3. Reads an exception processing service routine start address from the vector table
corresponding to a vector number specified in the TRAPA instruction, branches to that
address, and starts program execution. The branch is not a delayed branch.
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453 Illegal Slot Instruction

An instruction located immediately after adelayed branch instruction is called an “instruction
placed in adelay dot.” If an undefined instruction islocated in adelay slot, illegal slot instruction
exception processing begins executing when the undefined code is decoded. Illegal slot instruction
exception processing also begins when the instruction located in the delay slot is an instruction
that rewrites the program counter. In this case, exception processing begins when the instruction
that rewrites the PC is decoded. The CPU performsillegal slot exception processing as follows:

1. Savesthe statusregister onto the stack.

2. Pushes the program counter value onto the stack. The PC value saved is the branch destination
address of the delayed branch instruction immediately before the instruction that contains the
undefined code or rewrites the PC.

3. Fetches an exception processing service routine start address from the vector table

corresponding to the exception that occurred, branches to that address and the program starts
executing. The branch is not adelayed branch.

454 General Illegal Instructions

If an undefined instruction located other than adelay slot (immediately after a delayed branch
instruction) is decoded, general illegal instruction exception processing is executed. The CPU
follows the same procedure as for illegal slot exception processing, except that the program
counter (PC) value pushed on the stack in general illegal instruction exception processing isthe
top address of theillegal instruction with the undefined code.
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4.6 Casesin Which Exceptions Are Not Accepted

In some cases, address errors and interrupts that directly follow a delayed branch instruction or
interrupt-disabled instruction are not accepted immediately. Table 4.9 lists these cases. When this
occurs, the exception is accepted when an instruction that can accept the exception is decoded.

Table4.9 Casesin Which Exceptions Are Not Accepted

Exception Source

Case Address Error Interrupt
Immediately after delayed branch instruction*! X X
Immediately after interrupt-disabled instruction*2 (0] X

X: Not accepted
O: Accepted
Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE
2. Interrupt-disabled instructions: LDC, LDC.L, STC, STC.L, LDS, LDS.L, STS, STS.L

46.1 Immediately after Delayed Branch Instructions

Address errors and interrupts are not accepted when an instruction in adelay slot immediately
following adelayed branch instruction is decoded. The delayed branch instruction and the
instruction in the delay dlot are therefore always executed one after the other. Exception
processing is never inserted between them.

46.2 Immediately after Interrupt-Disabling I nstructions

Interrupts are not accepted when the instruction immediately following an interrupt-disabled
instruction is decoded. Address errors are accepted, however.
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4.7 Stack Status after Exception Processing
Table 4.10 shows the stack after exception processing.

Table4.10 Stack after Exception Processing

Type Stack Status Type Stack Status
Address T T Interrupt T 7
error Address of Address of
SP+| instruction  Upper 16 bits SP | instruction  Upper 16 bits
after instruc- after instruc-
tion that has tion that
finished has finished
executing executing
Lower 16 bits Lower 16 bits
SR Upper 16 bits SR Upper 16 bits
Lower 16 bits Lower 16 bits
Trap T T lllegal T 7
instruc- Address of slot Branch
; SP+| instruction  Upper 16 bits i . SP» destination  Upper 16 bits
tion after TRAPA mstruc address of
instruction tion delayed
------------------ ~ branch
Lower 16 bits instuction
SR Upper 16 bits Lower 16 bits
Lower 16 bits SR Upper 16 bits
-~ -~ Lower 16 bits
General T T
illegal sp | Start add-
instruc- > ress of Upper 16 bits
tion illegal
instruction_ |
Lower 16 bits
SR Upper 16 bits
Lower 16 bits
Note: Stack status is based on a bus width of 16 bits.
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4.8 Notes

481 Value of the Stack Pointer (SP)

An address error occurs if the stack is accessed for exception processing when the value of the
stack pointer (SP) is not a multiple of four. Therefore, amultiple of four should always be stored
in SP.

482 Value of the Vector Base Register (VBR)

An address error occurs if the vector table is accessed for exception processing when the value of
the vector base register (VBR) is not amultiple of four. Therefore, VBR should always be set to a
multiple of four.

483 AddressErrorsthat Are Caused by Stacking During Address Error Exception
Processing

When the stack pointer is not amultiple of four, address errors will occur in the exception
processing (interrupt, etc.) stacking. After the exception processing ends, the CPU will then shift
to address error exception processing. An address error will also occur during the address error
exception processing stacking, but the CPU is set up to ignore the address error so that it can avoid
an infinite series of address errors. This allows it to shift program control to the address error
exception service routine and process the error.

When an address error does occur in exception processing stacking, the stacking bus cycle (write)
is executed. In SR and PC stacking, four is subtracted from each of the SPs so the SP values are
not multiples of four after stacking either. Since the address value output during stacking is the SP
value, the address that produced the error is exactly what is output. In such cases, the stacked write
datawill be undefined.
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Section 5 Interrupt Controller (INTC)

51 Overview

Theinterrupt controller (INTC) determines the priority of interrupt sources and controls interrupt
reguests to the CPU. INTC has registers for assigning priority levelsto interrupt sources. These
registers handle interrupt requests according to user-established priorities.

511 Features
The interrupt controller has the following features:

» 16 settable priority levels: Five interrupt priority registers can set 16 levels of interrupt
priorities for IRQ and on-chip periphera interrupt sources.

e ThelINTC hasan NMI input level T bit that indicates NMI pin status. By reading this bit with
the interrupt exception service routine, the pin status can be checked for use in anoise
canceller function.

e Theinterrupt controller can notify external devices (viathe IRQOUT pin) that an onchip
interrupt has been occured. In thisway an external device can, for example, be informed if an
on-chip interrupt occurs while the chip is operating in a bus-released mode and the bus has
been requested.

51.2 Block Diagram

Figure 5.1 isablock diagram of the interrupt controller.
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UBC: User break controller WDT: Watchdog timer
DMAC: Direct memory access controller REF: DRAM refresh control unit of BSC
ITU: 16-bit integrated-timer pulse unit ICR: Interrupt control register
SCI: Serial communications interface IPRA-IPRE: Interrupt priority registers A—E
PRT: Parity control unit of BSC SR: Status register

Figure5.1 Block Diagram of the Interrupt Controller
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513 Pin Configuration
INTC pins are summarized in table 5.1.

Table5.1 INTC Pin Configuration

Name Abbr. /O Function

Nonmaskable interrupt input NMI | Inputs a non-maskable interrupt request
pin signal

Interrupt request input pins IRQO-IRQ7 | Inputs maskable interrupt request signals
Interrupt request output pin IRQOUT 0 Outputs a signal indicating an interrupt

source has occurred.

514 Registers

Theinterrupt controller has six registers aslisted in table 5.2. These registers are used for setting
interrupt priority levels and controlling the detection of external interrupt input signals.

Table5.2 Interrupt Controller Register Configuration

Name Abbr. R/W  Address*? Initial Value Bus width
Interrupt priority register A IPRA R/W  H'5FFFF84 H'0000 8, 16, 32
Interrupt priority register B IPRB R/W  H'5FFFF86 H'0000 8, 16, 32
Interrupt priority register C IPRC R/W H'5FFFF88 H'0000 8, 16, 32
Interrupt priority register D IPRD R/W  H5FFFF8A  H'0000 8, 16, 32
Interrupt priority register E IPRE R/W H5FFFF8C  H'0000 8, 16, 32
Interrupt control register ICR R/W  HSFFFFBE  *1 8, 16, 32

Note: 1. H'8000 when pin NMl is high, H'0000 when pin NMI is low.
2. Only the values of bits A27—-A24 and A8-A0 are valid; bits A23—-A9 are ignored. For

details on the register addresses, see section 8.3.5, Description of Areas.
52 Interrupt Sources

There are four types of interrupt sources. NMI, user break, IRQ, and on-chip peripheral module
interrupts.

Interrupt rankings are expressed as priority levels (0-16), with O the lowest and 16 the highest. An
interrupt set to level 0 is masked.
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521 NMI Interrupts

NMI is the highest-priority interrupt (level 16) and is always accepted. Input at the NMI pinis
edge-sensed. Either therising or falling edge can be selected by setting the NMI edge select hit
(NMIE) in theinterrupt control register (ICR). NMI interrupt exception processing sets the
interrupt mask level bits (13-10) in the status register (SR) to level 15.

522 User Break Interrupt

A user break interrupt occurs when a break condition is satisfied in the user break controller
(UBC). A user break interrupt has priority level 15. User break interrupt exception processing sets
the interrupt mask level bits (13-10) in the status register (SR) to level 15. For further details about
the user break interrupt, see section 6, User Break Controller.

523 IRQ Interrupts

IRQ interrupts are requested by input from pins IRQ0-IRQ7. IRQ sense select bits 0-7 (IRQ0S—
IRQ7S) in the interrupt control register (ICR) can select low-level sensing or falling-edge sensing
for each pin independently. Interrupt priority registers A and B (IPRA and IPRB) can select
priority levels from 0-15 for each pin. IRQ interrupt exception processing sets the interrupt mask
level bits (13-10) in the status register (SR) to the priority level value of the IRQ interrupt that was
accepted.

524 On-Chip Interrupts
On-chip interrupts are interrupts generated by the following 5 on-chip peripheral modules:

« Direct memory access controller (DMAC)
e 16-bit integrated-timer pulse unit (ITU)

* Serial communicationsinterface (SCI)

e Busstate controller (BSC)

« Watchdog timer (WDT)

A different interrupt vector is assigned to each interrupt source, so the exception service routine
does not have to decide which interrupt has occurred. Priority levels 0-15 can be assigned to
individual on-chip peripheral module in interrupt priority registers C—E (IPRC-IPRE). On-chip
interrupt exception processing sets the interrupt mask level bits (13-10) in the status register (SR)
to the priority level value of the on-chip interrupt that was accepted.
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525 Interrupt Exception Vectorsand Priority Rankings

Table 5.3 lists the vector numbers, vector table address offsets, and interrupt priority order of the
interrupt sources.

Each interrupt source is allocated a different vector number and vector table address offset. The
vector table address is calculated from this vector number and address offset. In interrupt
exception processing, the exception service routine start address is fetched from the vector table
indicated by this vector table address. See table 4.3, Calculation of Exception Vector table
Addresses, in section 4, Exception Processing, for details on this calculation.

Arbitrary interrupt priority levels between 0 and 15 can be assigned to IRQ and on-chip peripheral
module interrupt sources by setting interrupt priority registers A—E (IPRA—IPRE) for each pin or
module. The interrupt sources for |PRC— PRE, however, must be ranked in the order listed under
Priority Within Module in table 5.3 and cannot be changed. A reset assigns priority level 0to IRQ
and on-chip peripheral module interrupts. If the same priority level is assigned to two or more
interrupt sources, and interrupts from those sources occur simultaneously, their priority order is
the default priority order indicated at theright in table 5.3.
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Table5.3 Interrupt Exception Vectorsand Rankings

Interrupt Pri- Priority Vec- Default
ority Order  IPR (bit Within tor Address Offsetin Priority
Interrupt Source (initial value) numbers) Module No. Vector table Order
NMI 16 — — 11  H'0000002C-H'0000002F High
User break 15 — — 12 H'00000030-H'00000033
IRQO 0-15 (0) IPRA (15-12) — 64 H'00000100-H'00000103
IRQ1 0-15 (0) IPRA (11-8) — 65 H'00000104-H'00000107
IRQ2 0-15 (0) IPRA (7-4) — 66 H'00000108-H'0000010B
IRQ3 0-15 (0) IPRA (3-0) — 67 H0000010C—H'0000010F
IRQ4 0-15 (0) IPRB (15-12) — 68 H'00000110-H'00000113
IRQ5 0-15 (0) IPRB (11-8) — 69 H'00000114-H'00000117
IRQ6 0-15 (0) IPRB (7-4) — 70 H00000118-H'0000011B
IRQ7 0-15 (0) IPRB (3-0) — 71 H'0000011C-H'0000011F
DMACO DEIO 0-15 (0) IPRC (15-12) 3 72 H00000120-H'00000123
Reserved 2 73  H'00000124-H'00000127
DMAC1 DEI1 1 74 H'00000128-H'0000012B
Reserved 0 75 H0000012C-H'0000012F
DMAC2 DEI2 0-15 (0) IPRC (11-8) 3 76 H'00000130-H'00000133
Reserved 2 77 H00000134-H'00000137
DMAC3 DEI3 1 78 H00000138-H'0000013B
Reserved 0 79 H0000013C—-H'0000013F
ITUO IMIAO 0-15 (0) IPRC (7-4) 3 80 H'00000140-H'00000143
IMIBO 2 81 H'00000144-H'00000147
OoVI0 1 82 H'00000148-H'0000014B
Reserved 0 83 H'0000014C-H'0000014F
TUL  IMIAL  0-15 (0) IPRC (3-0) 3 84  H'00000150-H'00000153
IMIB1 2 85 H'00000154-H'00000157
Ovil 1 86 H'00000158-H'0000015B
Reserved 0 87 H'0000015C-H'0000015F
ITU2 IMIA2  0-15(0) IPRD (15-12) 3 88 H'00000160-H'00000163
IMIB2 2 89 H'00000164-H'00000167
ovI2 1 90 H'00000168-H'0000016B
Reserved 0 91 H0000016C—H'0000016F
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Table5.3

Interrupt Exception Vectorsand Rankings (cont)

Interrupt Pri- Priority Vec- Default
ority Order  IPR (bit Within tor Address Offsetin Priority
Interrupt Source (initial value) numbers) Module No. Vector table Order
ITU3 IMIA3 0-15 (0) IPRD (11-8) 3 92 H'00000170-H'00000173
IMIB3 2 93 H'00000174-H'00000177 _
oVvI3 1 94 H00000178-H'0000017B
Reserved 0 95 H'0000017C-H'0000017F
ITU4  IMIA4  0-15 (0) IPRD (7-4) 3 96 H'00000180—H'00000183
IMIB4 2 97 H00000184-H'00000187
ovi4 1 98 H'00000188-H'0000018B
Reserved 0 99 H'0000018C-H'0000018F
SCI0  ERIO 0-15 (0) IPRD (3-0) 3 100 H'00000190-H'00000193
RxI10 2 101 H'00000194-H'00000197
TxIO 1 102 H'00000198-H'0000019B
TEIO 0 103 H'0000019C—H'0000019F
SCI1 ERI1 0-15 (0) IPRE (15-12) 3 104 H'000001A0-H'000001A3
RxI1 2 105 H'000001A4—H'000001A7
TxI1 1 106 H'000001A8-H'000001AB
TEI1 0 107 H'000001AC-H'000001AF
PRT*l PEI 0-15 (0) IPRE (11-8) 3 108 H'000001BO-H'000001B3
Reserved 2 109 H'000001B4-H'000001B7
Reserved 1 110 H'000001B8-H'000001BB
Reserved 0 111 H'000001BC-H'000001BF
WDT [Tl 0-15 (0) IPRE (7-4) 3 112 H'000001CO-H'000001C3
REF*2  CMI 2 113 H'000001C4-H'000001C7
Reserved 1 114 H'000001C8-H'000001CB
Reserved 0 115 H'000001CC-H'000001CF
Reserved — — — 116 H'000001D0-H'000001D3
to to
255 H'000003FC—H'000003FF Low

Notes: 1. PRT: Parity control unit of bus state controller.
2. REF: DRAM refresh control unit of bus state controller.
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53 Register Descriptions

531 Interrupt Priority Registers A—E (IPRA-I PRE)

Thefive registers from IPRA— PRE are 16-bit read/write registers that assign priority levels from
0-15 to the IRQ and on-chip peripheral module interrupt sources. Interrupt request sources are
mapped onto IPRA—IPRE as shown in table 5.4.

Bit: 15 14 13 12 11 10 9 8
Bit narme: | | | | | | | |
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
Bit name: | [ ] | [ |
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Table5.4 Interrupt Request Sourcesand |PRA- PRE

Register Bits 15-12 Bits 11-8 Bits 7-4 Bits 3-0

IPRA IRQO IRQ1 IRQ2 IRQ3

IPRB IRQ4 IRQ5 IRQ6 IRQ7

IPRC DMACO, DMAC1 DMAC2, DMAC3 ITUO ITU1

IPRD ITU2 ITU3 ITU4 SCIO

IPRE scil PRT*1 WDT, REF*? (Reserved)*3

Notes: 1. PRT: Parity control unit of bus state controller. See section 8, Bus State Controller, for
details.

2. REF: DRAM refresh control unit of bus controller. See section 8, Bus State Controller,

for details.

3. When read, always 0. Always write 0 in reserved bits.

Asindicated in table 5.4, four IRQ pins or four groups of on-chip peripheral modules are assigned
to each interrupt priority register. The priority levelsfor the four pins or groups can be set by
setting the corresponding 4-bit groups of bits 15-12, bits 11-8, bits 7—4, and bits 3-0 (of IPRA—
IPRE) with valuesin the range of H'0 (0000) to H'F (1111). Setting H'0 givesinterrupt priority
level O (the lowest). Setting H'F gives level 15 (the highest). When two on-chip peripheral
modules are assigned to the same bits (DMACO0 and DMAC1, or DMAC2 and DMACS3, or the
watchdog timer and DRAM refresh control unit), those two modules have the same priority. A
reset initializes IPRA— PRE to H'0000. They are not initialized by the standby mode.
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532 Interrupt Control Register (ICR)

ICR isa16-hit register that sets the input detection mode of the external interrupt input pins NMI
and IRQO-IRQ7 and indicates the input signal level to the NMI pin. A reset initializes |CR but the
standby mode does not.

Bitt 15 14 13 12 11 10 9 8

Bitname:‘ NMIL ] — ‘ — ] — \ — ‘ — ] — ‘ NMIE ]
Initial value: * 0 0 0 0 0 0 0
RW: R — — — — — — RIW
Bitt 7 6 5 4 3 2 1 0

Bit name: | IRQOS | IRQLS | IRQ2S | IRQ3S | IRQ4S | IRQ5S | IRQ6S | IRQ7S |
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Note: When NMI input is high: 1; when NMI input is low: O

e Bit 15 (NMI input level (NMIL)): NMIL setsthe level of the signal input at the NMI pin.
NMIL cannot be modified. The NMI input level can be read to determine the NMI pin level.

Bit 15: NMIL Description
0 NMI input level is low
1 NMI input level is high

* Bits14-9 (reserved): These bits always read as 0. The write value should always be O.

« Bit 8 (NMI edge select (NMIE)): NMIE selects whether the falling or rising edge of the
interrupt request signal to the NMI pinis sensed.

Bit 8: NMIE Description
0 Interrupt is requested on falling edge of NMI input (initial value)
1 Interrupt is requested on rising edge of NMI input

Bits 7-0 (IRQO-IRQ7 sense select (IRQOS-IRQ7S)): IRQO-IRQ7 select whether the falling edge or
low level of the TIRQ inputs is sensed at the pins IRQO-IRQ7.

Bits 7-0: IRQOS-IRQ7S  Description

0 Interrupt is requested when IRQ input is low (initial value)

1 Interrupt is requested on falling edge of IRQ input
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54 Interrupt Operation

541 Interrupt Sequence

The sequence of interrupt operations will be explained below. Figure 5.2 is a flowchart of the
operations up to acceptance of the interrupt.

1
2.

Theinterrupt request sources send interrupt request signals to the interrupt controller.

Theinterrupt controller selects the highest-priority interrupt in the interrupt requests sent,
following the priority order indicated in table 5.3 and the levels set in interrupt priority
registers A—E (IPRA-IPRE). Lower priority interrupts are ignored*. If two interrupts with the
same priority level are requested simultaneoudly or if there are multiple interrupts occurring
within asingle module, the interrupt with the highest default priority or priority within module
asindicated in table 5.3 is sel ected.

Theinterrupt controller compares the priority level of the selected interrupt request with the
interrupt mask level bits (13-0) in the CPU’s status register (SR). If the request priority level
isegual to or less than the interrupt mask level, the request is ignored. If the request priority
level is higher than the interrupt mask level, the interrupt controller accepts the request and
sends an interrupt request signal to the CPU.

When the interrupt controller accepts an interrupt request, it drives the pin IRQOUT low.

The CPU detects the interrupt request sent from the interrupt controller when it decodes the
next instruction to be executed. Instead of executing that instruction, the CPU starts interrupt
exception processing.

In interrupt exception processing, first SR and PC are pushed onto the stack.

The priority level of the accepted interrupt is copied to the interrupt mask level bits (13-10) in
the status register (SR).

When the accepted interrupt is level-sensed or from an on-chip peripheral module, The pin
IRQOUT returnsto the high level. If the accepted interrupt is edge-sensed, the pin IRQOUT
returns to the high level when the instruction to be executed by the CPU in (5) is replaced by
the interrupt exception processing. If the interrupt controller has accepted another interrupt (of
alevel higher than the current interrupt), however, the pin IRQOUT remains low.

The CPU accesses the exception vector table at the entry for the vector number of the accepted
interrupt, reads the start address of the exception service routine, branches to that address, and
starts executing the program there. This branch is not delayed.

Note: A request for an external interrupt (IRQ) designated as edge-detected is held pending once

only. An externa interrupt designated as level-detected is held pending as long as the
interrupt request continues, but if the request is cleared before the CPU next accepts an
interrupt, the interrupt request is regarded as not having been made.

Interrupt requests from on-chip supporting modules are level requests. When the status
flag in aparticular module is set, an interrupt is requested. For details, see the descriptions
of theindividual modules. Note that the interrupt request will be continued unless an
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operation described in "Clearing Conditions" is performed.

* A

Program
execution state

User break?

Level 15
interrupt?

Level 14
interrupt?

Yes 1I3to 10 <

level 14? No

interrupt?

<
<

1I3to 10 <
level 137

A

’ | RQOUT low *1 ‘
v Ly | vy ____Noj __Ye 13t010 =
level 0?

’ Pushes SR onto stack‘
v No
’ Pushes PC onto stack‘

tance from 13 to 10
v
’ I RQOUT high *2 ‘
v

’ Reads exception ‘

’ Copies level of accep—‘

vector table

Branches to exception
service routine
[

v

13 to 10 : Interrupt mask bits of status register

Notes : *1. | RQOUT is the same signal as the interrupt request signal to the CPU (Figure 5.1).
The pin | RQOUT return to the high level when the interrupt controller has accepted
the interrupt of a level higher than the 13 to 10 bits of the status register in the CPU.

*2. If the accepted interrupt is edge-sensed, the pin | RQOUT returns to the high level
when the instruction to be executed by the CPU is replaced by the interrupt
exception processing (before the status register is saved to the stack ).

If the interrupt controller has accepted another interrupt of a level higher than the
current interrupt. and has requested the interrupt to the CPU, however, the pin
| RQOUT remains low.

Figure5.2 Flowchart of Interrupt Operation
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542 Stack after Interrupt Exception Processing

Figure 5.3 shows the stack after interrupt exception processing.

Address

4n-8

4n—6

Upper 16 bits

Lower 16 bits

4n—-4

4n-2

Upper 16 bits

Lower 16 bits

4n

—

Notes: 1. Bus width is 16 bits.

2. PC stores the top address of the next instruction (return instruction) after the

executed instruction.

3. The value of SP must always be a multiple of four.

< sp*3

Figure5.3 Stack after Interrupt Exception Processing
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5.5 Interrupt Response Time

Table 5.5 indicates the interrupt response time, which is the time from the occurrence of an
interrupt request until the interrupt exception processing starts and fetching of the first instruction
of the interrupt service routine begins. Figure 5.4 shows the pipeline when an IRQ interrupt is

accepted.

Table5.5 Interrupt Response Time

Number of States

NMI or On-Chip
Item Interrupt IRQ Notes
Interrupt priority decision 2 3

and comparison with SR
mask bit

Wait for completion of X (=0)
sequence currently being
executed by CPU

The longest sequence is the
interrupt or address error
exception processing
sequence: X =4 + ml+ m2
+ m3 + m4. If an interrupt-
masking instruction follows,
however, the time may be

longer.
Time from interrupt 5+ml+m2+m3
exception processing
(saving PC and SR and
fetching vector address)
until fetching of first
instruction of interrupt
service routine starts
Interrupt Total 7+ml+m2+m3 8+ml+m2+m3
response Minimum 10 11 0.50-0.55 s at 20 MHz
Maximum 11+2ml1+m2+ 12+2(ml+m2+ (ml1l=m2=m3=m4)0.90-
m3) + m4 m3) + m4 0.95 ps at 20 MHz

Notes: m1-m4 are the number of states needed for the following memory accesses:

m1: SR save cycle (long word write)
m2: PC save cycle (long word write)

m3: Vector address read cycle (long word read)
m4: Fetch top instruction of interrupt service routine
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Interrupt accepted

+‘ 5+ml+m2+m3

first instruction

3 1 3 mlm21m31,|
|
IRQ Coa oo
[ [ N E B
— I
Instruction (instruction replaced by [FID[EE i MIM|E[M[E i E |
interrupt exception handling) | S R R
! [ N B B
[ | | |
Overrun fetch ! ! !
. . |
Interrupt service routine— ! !
P : | ! FID[E]
. l
|
|

When m1 = m2 = m3, the interrupt response time is 11 cycles.

F (Instruction fetch) Instruction fetched from memory where program is stored.

D (Instruction decoding) The fetched instruction is decoded.

E (Instruction execution) Data operations and address calculations are performed
according to the decoded results.

M (Memory access) Data in memory is accessed.

Note: For the interrupt acceptance timing, see table 4.1, Exception Source Detection and
Exception Handling Start Timing, in section 4.1.2, Exception Handling Operation.

Figure5.4 Exampleof Pipeliningin IRQ Interrupt Acceptance

5.6 Usage Notes

When the following operations are performed in the order shown when a pin to which IRQ input is
assigned is designated as a general input pin by the pin function controller (PFC) and inputs a low-
level signal, the IRQ falling edge is detected, and an interrupt request is detected, immediately
after the setting in (b) is performed:

< Aninterrupt control register (ICR) setting is made so that an interrupt is detected at the falling
edgeof IRQ.  ...... @

e Thefunction of pinsto which IRQ input is assigned is switched from general input to IRQ
input by apin function controller (PFC) setting.  ...... (b

Therefore, when switching the pin function from general input pin to IRQ input, the pin function
controller (PFC) setting should be changed to IRQ input while the pin to which IRQ input is
assigned is high.
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Section 6 User Break Controller (UBC)

6.1 Overview

The user break controller (UBC) simplifies the debugging of user programs. Break conditions are
set in the UBC and a user break interrupt request is sent to the CPU in response to the contents of
a CPU or DMAC bus cycle. This function can implement an effective self-monitoring debugger,
enabling a program to be debugged by itself without using alarge in-circuit emulator.

6.1.1 Features

» Thefollowing break conditions can be set:
O Address
O CPU cycleor DMA cycle
O Instruction fetch or data access
0 Read or write
0 Operand size (long word access, word access, or byte access)

*  When break conditions are met, a user break interrupt is generated. A user-created user break
interrupt exception routine can then be executed.

* When abreak is set to a CPU instruction fetch, the break occurs just before the fetched
instruction.

6.1.2 Block Diagram

Figure 6.1 isthe block diagram of the user break controller.
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Bus
interface

Module bus
| BBR | BAMRH BARH
BAMRL BARL

\/

/

Break condition comparator

A 4

User break
interrupt
generating
circuit

Internal bus

BARH, BARL: Break address registers H and L
BAMRH, BAMRL: Break address mask registers H and L

BBR: Break bus cycle register

A 4

Interrupt request

Interrupt controller

Figure6.1 Block Diagram of the User Break Controller

6.1.3 Register Configuration

The user break controller has five registers aslisted in table 6.1. These registers are used for

setting break conditions.
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Table6.1 User Break Controller Registers

Name Abbr. R/W Address* {7:I:Jatl, Bus width
Break address register high BARH R/W H'5FFFF90 H'0000 8, 16, 32
Break address register low BARL R/W H'5FFFF92 H'0000 8, 16, 32
Break address mask register high BAMRH R/W H'5FFFF94 H'0000 8, 16, 32
Break address mask register low BAMRL R/W H'5FFFF96 H'0000 8, 16, 32
Break bus cycle register BBR R/W H'5FFFF98 H'0000 8, 16, 32

Note: Only the values of bits A27-A24 and A8-AO0 are valid; bits A23—A9 are ignored. For details
on the register addresses, see section 8.3.5, Description of Areas.

6.2 Register Descriptions

6.2.1 Break Address Registers (BAR)

There are two break address registers—break address register H (BARH) and break address
register L (BARL)—that together form a single group. Both are 16-hit read/write registers. BARH
stores the upper hits (bits 31-16) of the address of the break condition. BARL storesthe lower bits
(bits 15-0) of the address of the break condition. A reset initializes both BARH and BARL to
H'0000. Neither isinitialized in standby mode.

BARH: Break address register H.

Bitt 15 14 13 12 11 10 9 8
Bit name:‘ BA31 ] BA30 \ BA29 ] BA28 \ BA27 ‘ BA26 ] BA25 \ BA24 \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1 0
Bit name:‘ BA23 \ BA22 ‘ BA21 ] BA20 \ BA19 ‘ BA18 \ BA17 ‘ BA16 ]
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

* BARH Bits 15-0 (break address 31-16 (BA31-BA16)): BA31-BA16 store the upper bit
values (bits 31-16) of the address of the break condition.
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BARL: Break addressregister L.

Bitt 15 14 13 12 11 10 9 8
Bitname: | BAL5 | BAl4 | BAI3 | BAI12 | BALL | BALO | BAY | BAS
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Bit. 7 6 5 4 3 2 1 0
Bitname: | BA7 | BA6 | BA5 | BA4 | BA3 | BA2 | BAL | BAO
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

* BARL Bits 15-0 (break address 15-0 (BA15-BAO0)): BA15-BAO store the lower bit values
(bits 15-0) of the address of the break condition.

6.2.2 Break Address Mask Register (BAMR)

The two break address mask registers—break address mask register H (BAMRH) and break
address mask register L (BARML)—together form a single group. Both are 16-bit read/write
registers. BAMRH determines which of the bitsin the break address set in BARH are masked.
BAMRL determines which of the bitsin the break address set in BARL are masked. A reset
initializesBAMRH and BARML to H'0000. They are not initialized in the standby mode.

BAMRH: Break address mask register H.

Bit. 15 14 13 12 11 10 9 8
Bit name: | BAM31 | BAM30 | BAM29 | BAM28 | BAM27 | BAM26 | BAM25 | BAM24 |
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
Bit name: | BAM23 | BAM22 | BAM21 | BAM20 | BAM19 | BAMI8 | BAM17 | BAMIS |
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

+ BAMRH bits 15-0 (break address mask 31-16 (BAM31-BAM16)): BAM31-BAM16 specify
whether bits BA31-BA 16 of the break address set in BARH are masked or not.
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BAMRL: Break address mask register L.

Bit: 15 14 13 12 11 10 9 8
Bnname:‘BAMlS’BAM14‘BAM13’BAM12‘BAM11‘BAM10’ BAMQ‘ BAMS
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1 0
Bnnameﬂ BAM7‘ BAM6‘ BAM5’ BAM4‘ BAMB‘ BAM2‘ BAMl‘ BAMO
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

* BAMRL hits 15-0 (bresk address mask 15-0 (BAM15-BAMO0)): BAM15-BAMO specify
whether bits BA15-BAO of the break address set in BARH are masked or not.

Bits 15-0: BAMn Description

0 Break address bit BAn is included in the break condition (initial value)
1 Break address bit BAn is not included in the break condition
n=31-0

6.2.3 Break Bus Cycle Register (BBR)

The break bus cycle register (BBR) is a 16-bit read/write register that selects the following four
break conditions:

* CPU cycleor DMA cycle
 Instruction fetch or data access

* Read or write

e Operand size (byte, word, long word).

A reset initializes BBR to H'0000. It is not initialized in the standby mode.

RENESAS 79



Bit: 15 14 13 12 11 10 9 8

Bitname: | — | — | — | — | — | — | — | — |
Initial value: 0 0 0 0 0 0 0 0
R/W: — — — — — — — —
Bitt 7 6 5 4 3 2 1 0
Bit name: | CD1 ] cDO \ ID1 ‘ IDO \ RW1 \ RWO ] sz1 \ SZ0 ‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

e Bits 15-8 (reserved): These bits aways read as 0. The write value should always be 0.

e Bits7and 6 (CPU cycle/DMA cycle select (CD1 and CDQ)): CD1 and CDO select whether to
break on CPU and/or DMA bus cycles.

Bit 7: CD1 Bit 6: CDO Description

0 0 No break interrupt occurs (initial value)
1 Break only on CPU cycles

1 0 Break only on DMA cycles
1 Break on both CPU and DMA cycles

« Bits5and 4 (instruction fetch/data access select (ID1, ID0)): ID1, DO select whether to break
on instruction fetch and/or data access bus cycles.

Bit 5: ID1 Bit 4: IDO Description
0 0 No break interrupt occurs (initial value)
1 Break only on instruction fetch cycles
1 0 Break only on data access cycles
1 Break on both instruction fetch and data access cycles
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» Bits3and 2 (read/write select (RW1, RWO0)): RW1, RWO0 select whether to break on read
and/or write access cycles.

Bit 3: RW1 Bit 2: RW0 Description

0 0 No break interrupt occurs (initial value)
1 Break only on read cycles

1 0 Break only on write cycles
1 Break on both read and write cycles

« Bits1and 0 (operand size select (SZ1, SZ0)): SZ1, SZ0 select bus cycle operand sizeasa
break condition.

Bit 1: SZ1 Bit 0: SZ0 Description

0 0 Operand size is not a break condition (initial value)
1 Break on byte access

1 0 Break on word access
1 Break on long word access

Note: When setting to break on an instruction fetch, set the SZ0 bit to 0. All instructions will be
considered to be accessed as words (even those instructions in on-chip memory for which
two instructions can be fetched simultaneously in a single bus cycle). Instruction fetch is by
word access and CPU/DMAC data access is by the specified operand size. They are not
determined by the bus width of the space being accessed.

6.3 Operation

6.3.1 Flow of the User Break Operation

The flow from setting of break conditions to user break interrupt exception processing is described
below.

1. Break conditions are set in break address register (BAR), break address mask register
(BAMR), and the break bus cycle register (BBR). Set the break addressin the BAR, the
address bits to be masked in the BAMR and the type of breaking bus cycle in the BBR. When
even one of the BBR groups (CPU cycle/DMA cycle select bits (CD1, CDO), instruction
fetch/data access select bits (ID1, 1DO0), read/write select bits (RW1, RWO0)) is set to 00 (no
user break interrupt), there will be no user break even when all other conditions are consistent.
To use auser break interrupt, set conditions for al three pairs.

2. The UBC checksto seeif the set conditions are satisfied, using the system shown in figure 6.2.
When the break conditions are satisfied, the UBC sends a user break interrupt request to the
interrupt controller.
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3. When receiving the user break interrupt request, the interrupt controller checksits priority
level. The user break interrupt has priority level 15, so it is accepted only if the interrupt mask
level in bits 13-10 in the status register (SR) is 14 or lower. When the 1310 bit level is 15, the
user break interrupt cannot be accepted but it is held pending until user break interrupt
exception processing is carried out. NM| exception processing sets 1310 to level 15, so a user
break cannot occur during the NMI service routine unless the NMI service routine itself begins
by reducing 13-10 to level 14 or lower. Section 5, Interrupt Controller, described the handling
of priority levelsin greater detail.

4. TheINTC sends arequest signal for a user break interrupt to the CPU. When the CPU receives
it, it starts user break interrupt exception processing. Section 5.4, Interrupt Operation, describes
interrupt exception processing in more detail.
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Figure6.2 Break Condition Logic
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6.3.2 Break on Instruction Fetch Cyclesto On-Chip Memory

On-chip memory (on-chip ROM and RAM) is always accessed 32 bits each bus cycle. Two
instructionsare therefore fetched in a bus cycle from on-chip memory . Although only a single bus
cycle occurs for the two-instruction fetch, a break can be set on either instruction by placing the
corresponding address in the break address registers (BAR). In other words, to break the second of
the two instructions fetched, set its start address in the BAR. The break will then occur after the
first instruction executes.

6.3.3 Program Counter (PC) Value Saved in User Break Interrupt Exception Processing

Break on Instruction Fetch: The program counter (PC) value saved in user break interrupt
exception processing for an instruction fetch is the address set as the break condition. The user
break interrupt is generated before the fetched instruction is executed. If abreak condition is set on
the fetch cycle of adelayed dot instruction immediately following a delayed branch instruction or
on the fetch cycle of an instruction that follows an interrupt-disabling instruction, however, the
user break interrupt is not accepted immediately, so the instruction is executed. The user break
interrupt is not accepted until immediately after that instruction. The PC value that will be saved is
the start address of the next instruction that is able to accept the interrupt.

Break on Data Access (CPU/DMAC): The program counter (PC) valueis the top address of the
next instruction after the last executed instruction at the time when the user break exception
processing is activated. When data access (CPU/DMAC) is set as a break condition, the place
where the break will occur cannot be specified exactly. The break will occur at the instruction
fetched close to where the data access that is to receive the break occurs.

6.4 Setting User Break Conditions
CPU Instruction Fetch Bus Cycle:

* Register settings: BARH = H'0000, BARL = H'0404, BBR = H'0054
Conditions set: Address = H'00000404, Bus cycle = CPU, instruction fetch, read (operand size
not included in conditions)

A user break interrupt will occur immediately before the instruction at address H'00000404. |
the instruction at address H'00000402 can accept an interrupt, the user break exception
processing will be executed after that instruction is executed. The instruction at H'00000404
will not be executed. The value saved to PC is H'00000404.

» Register settings: BARH = H'0015, BARL = H'389C, BBR = H'0058
Conditions set: Address = H'0015389C, Bus cycle = CPU, instruction fetch, write (operand
size not included in conditions)

No user break interrupt occurs, because no instruction fetch cycleis ever awrite cycle.
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* Register settings: BARH = H'0003, BARL = H'0147, BBR = H'0054
Conditions set: Address = H'00030147, Bus cycle = CPU, instruction fetch, read (operand size
not included in conditions)

No user break interrupt occurs, because instructions are always fetched from even addresses. If
the first fetched address after a branch is odd and a user break is set on this address, however,
user break exception processing will be carried out after address error exception processing.

CPU Data Access Bus Cycle:

* Register settings: BARH = H'0012, BARL = H'3456, BBR = H'006A
Conditions set: Address = H'00123456, Bus cycle = CPU, data access, write, word
A user break interrupt occurs when word data is written to address H'00123456.

* Register settings: BARH = H'00A8, BARL = H'0391, BBR = H'0066
Conditions set: Address = H'00A80391, Bus cycle = CPU, data access, read, word
No user break interrupt occurs, because word data accessis always to an even address.

DMA Cycle:

* Register setting: BARH = H'0076, BARL = H'BCDC, BBR = H'00A7
Conditions set: Address = H'0076BCDC, Bus cycle = DMA, data access, read, long word
A user break interrupt occurs when long word datais read from address H'0076BCDC.

* Register setting: BARH = H'0023, BARL = H'45C8, BBR = H'0094
Conditions set: Address = H'002345C8, Bus cycle = DMA, instruction fetch, read (operand
size not included)
No user break interrupt occurs, because a DMA cycle includes no instruction fetch.
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6.5 Notes

6.5.1 On-Chip Memory Instruction Fetch

Two instructions are simultaneously fetched from on-chip memory. If abreak condition is set on
the second of these two instructions but the contents of the UBC break condition registers are
changed so asto alter the break condition immediately after the first of the two instructionsis
fetched, a user break interrupt will still occur when the second instruction is fetched.

6.5.2 Instruction Fetch at Branches

When a conditiona branch instruction or TRAPA instruction causes a branch, instructions are
fetched and executed as follows:

1. Conditional branch instruction, branch taken: BT, BF

Instruction fetch cycles: Conditional branch fetch — Next-instruction overrun fetch — Next-
instruction overrun fetch — Branch destination fetch

Instruction execution: Conditional branch instruction execution — Branch destination
instruction execution

2. TRAPA instruction, branch taken: TRAPA

Instruction fetch cycles: TRAPA instruction fetch — Next-instruction overrun fetch - Next-
instruction overrun fetch — Branch destination fetch

Instruction execution: TRAPA instruction execution — Branch destination instruction
execution

When a conditional branch instruction or TRAPA instruction causes a branch, the branch
destination will be fetched after the next instruction or the one after that does an overrun fetch.
When the next instruction or the one after that is set as a break condition, abranch will result in
the generation of a user break interrupt at the next instruction or the instruction after that, neither
of which instructions will be executed.
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6.5.3 Instruction Fetch Break

If abreak is attempted at the task A return destination instruction fetch, task B is activated before
the UBC interrupt by interrupt B generated during task A processing, and the UBC interrupt is
handled after the interrupt B exception handling.

(1) Cause
The SH7032/SH7034 chip operates as follows.

Interrupt B accepted UBC interrupt accepted

Interrupt exception
handling

»l
>

A

A
[FID]E]E|[M|IM]E]|M]E]E

! Interrupt exception

|
|
|
|
|
:
I | handling i
[F] >
i
|
|
|

A
[FID|EJE[M]IM]E]IM]|E]|E]

<Address> <Description>
0x00011a0a Instruction replaced by interrupt

exception handling

Break. —» 0x00011a0c Overrun fetch
condition o _
0xf000974 Task B first instruction fetch

(instruction replaced by interrupt
exception handling)

(0Oxf000978 Overrun fetch)
0x02000030 UBC first instruction fetch

Figure6.3 UBC Operation

It actually takes at least two cycles for the UBC interrupt generated by the address 0x00011a0c
instruction fetch cycle to be sent to the interrupt controller and interrupt exception handling to
begin. However, as shown in figure 6.3, when the UBC interrupt is generated, previously
generated interrupt B initiated by task B is accepted first, and the UBC interrupt is accepted after
completion of the interrupt B exception handling.

(2) Remedy
Thereisno way of preventing this operation by hardware. A software solution, such as the use of
aflag, must be employed.
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Section 7 Clock Pulse Generator (CPG)

7.1 Overview

The SuperH microcomputer has a built-in clock pulse generator (CPG) that suppliesthe LSl and
external deviceswith aclock pulse. The CPG makesthe LSI run at the oscillation frequency of the
crystal resonator. The CPG consists of an oscillator and a duty cycle correcting circuit (figure 7.1).
The CPG can be made to generate a clock signal by connecting it to acrystal resonator or by
inputting an external clock. (The CPG is halted in standby mode.)

= CPG ---
: I
! |
XTAL —1—» 5 . |
! Oscillator > uty c_:orr(_ectlng L » Internal
| circuit | clock ()
EXTAL ——» |
! |
! |
CK =« : |
| |
|

Figure7.1 Block Diagram of the Clock Pulse Generator

7.2 Clock Source

Clock pulses can be supplied from a connected crystal resonator or an external clock.

721 Connecting a Crystal Resonator

Circuit Configuration: A crystal resonator can be connected as shown in figure 7.2. Use the
damping resistance Rd shown in table 7.1. Use an AT-cut parallel resonating crystal with a
frequency equal to the system clock (CK) frequency. Connect load capacitors (C 1 and C, ) as
shown in the figure. The clock pulse produced by the crystal resonator and internal pulse generator
is sent to the duty cycle correction circuit where its duty cycleis corrected. It is then supplied to
the LSl and to external devices.
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—c - EXTAL
C_,=C ,=1C-22 pF

XTAL MWV

Figure7.2 Connection of the Crystal Resonator (Example)
Table7.1 Damping Resistance

Frequency [MHz] 2 4 8 12 16 20

Rd [Q] 1k 500 200 0 0 0

Crystal Resonator: Figure 7.3 shows an equivalent circuit of the crystal resonator. Use acrystal
resonator with the characteristics listed in table 7.2.

XTAL €4— —» EXTAL

Figure7.3 Crystal Resonator Equivalent Circuit
Table7.2 Crystal Resonator Parameters

Frequency (MHz)

Parameter 2 4 8 12 16 20
Rs max [Q] 500 120 80 60 50 40
Comax[pF] 7 7 7 7 7 7

Value to be determined (TBD)

7.2.2 External Clock Input

An external clock signal can be input at the EXTAL pin as shown in figure 7.6. The XTAL pin
should be |eft open. The frequency must be equal to the system clock (CK) frequency. The
specifications for the waveform of the external clock input are given below. Make the external
clock frequency the same as the system clock (CK).
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External clock input — | EXTAL

Figure7.4 External Clock Input Method

teyc

A
\ 4

texH L texL

A

texr text

Figure7.5 Input Clock Waveform
Table7.3 Input Clock Specifications

5V Specifications 3.3V Specifications

(fmax = 20 MHz) (fmax = 12.5 MHz) Units
tEXI’/f (V||_—V|H) Max =5 Max = 10 ns
tEXHIL a2 Vce Min =10 Min = 20 ns

standard)

7.3 Usage Notes

Board design: When designing the board, place the crystal resonator and its load capacitors as
close as possible to the XTAL and EXTAL pins. Route no other signal lines near the XTAL and
EXTAL pin signal linesto prevent induction from interfering with correct oscillation. See figure
7.6.
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Figure7.6 Precaution on Oscillator Circuit Board Design

Duty cycle correction circuit: Duty cycle corrections are conducted for an input clock over 5
MHz. Duty cycles may not be corrected if under 5 MHz, but AC characteristics for the high-level
pulse width (tcy) and low-level pulse width (tc ) of the clock are satisfied, and the LS| will
operate normally. Figure 7.7 shows the standard characteristics of a duty cycle correction.

This duty cycle correction circuit is not for correcting the input clock’s transient fluctuations and
jutters.

Input dut
70 - p y
7000
b 60_ \\\\\ \\|
3 Y
s g
3 =TT
a0~ A0 T
/// |
730 !
30_ |
|
| l | | |
1 2 5 10 20
(MHz)

Input frequency

Figure7.7 Duty Cycle Correction Circuit Standard Characteristics
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Section 8 Bus State Controller (BSC)

8.1 Overview

The bus state controller (BSC) divides address space and outputs control signals for all kinds of
memory and peripheral LSIs. BSC functions enable the LSl to link directly with DRAM, SRAM,
ROM, and peripheral LSIswithout the use of external circuits, simplifying system design and
allowing high-speed data transfers in a compact system.

811 Features

The BSC has the following features.

e Address spaceisdivided into eight areas

O A maximum 4-Mbyte of linear address space for each of eight areas, 0—7 (area 1 can be up
to 16-Mbyte linear space when set for DRAM) (The space that can actually be used varies
with the type of memory connected)

Bus width (8 bits or 16 bits) can be selected by access address
On-chip ROM and RAM is accessed in one cycle (32 bits wide)
Wait states can be inserted using the WAIT pin

Wait state insertion can be controlled through software. Register settings can be used to
specify theinsertion of 14 cyclesfor areas 0, 2, and 6 (long wait function)

0 Thetype of memory connected can be specified for each area.

O Outputs control signals for accessing the memory and peripheral LSIs connected to the area
« Direct interface to DRAM

O Multiplexes row/column addresses according to DRAM capacity

O Two types of byte access signals (dual-CAS system and dual-WE system)

O Supports burst operation (high-speed page mode)

O Supports CAS-before-RAS refresh and self-refresh
* Access control for al memory and peripheral LSIs

0 Address/data multiplex function
« Parallel execution of external writes and the like with internal access (warp mode)
» Supports parity check and generation for data bus

0 Odd parity/even parity selectable

O Interrupt request generated for parity error (PEI interrupt request signal)
» Refresh counter can be used as an 8-bit interval timer

O Interrupt request generated at compare match (CMI interrupt request signal)

OooOoogod

8.1.2 Block Diagram

Figure 8.1 shows the block diagram of the bus state controller.
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WCR: Wait state control register RTCSR: Refresh timer control/status register
BCR: Bus control register RTCNT: Refresh timer counter
DCR: DRAM area control register RTCOR: Refresh time constant register
RCR: Refresh control register PCR: Parity control register
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8.1.3 Pin Configuration

Table 8.1 shows the BSC pin configuration.

Table8.1 Pin Configuration

Name Abbreviation 1/O Function

Chip select 7-0 CS7-CS0 O Chip select signal that indicates the area being
accessed

Read RD O  Strobe signal that indicates the read cycle

High write WRH O  Strobe signal that indicates write cycle to upper 8 bits

Low write WRL O  Strobe signal that indicates write cycle to lower 8 bits

Write WR*1 O  Strobe signal that indicates write cycle

High byte strobe HBS*2 O Strobe signal that indicates access to upper 8 bits

Low byte strobe LBS*3 O  Strobe signal that indicates access to lower 8 bits

Row address strobe RAS O DRAM row address strobe signal

High column CASH O  Column address strobe signal for accessing the

address strobe

upper 8 bits of the DRAM

Low column address CASL O Column address strobe signal for accessing the lower

strobe 8 bits of the DRAM

Address hold AH O Signal for holding the address for address/data
multiplexing

Wait WAIT | Wait state request signal

Address bus A21-A0 O  Address output

Data bus AD15-AD0 I/O Data I/O. During address/data multiplexing, address
output and data input/output.

Data bus parity high DPH I/O Parity data I/O for upper byte

Data bus parity low  DPL I/O Parity data I/O for lower byte

Notes: 1. Doubles with the WRL pin. (Selected by the BAS bit of the BCR. See section 8.2.1, Bus

Control Register, for details.

2. Doubles with the AO pin. (Selected by the BAS bit of the BCR. See section 8.2.1, Bus

Control Register, for details.

3. Doubles with the WRH pin. (Selected by the BAS bit of the BCR. See section 8.2.1, Bus

Control Register, for details.

814 Register Configuration

The BSC has ten registers (listed in table 8.2) which control space division, wait states, DRAM

interface, and parity check.
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Table8.2 Register Configuration

Name Abbr. R/W Initial Value Address*l Bus width
Bus control register BCR R/W H'0000 H'5FFFFA0 8,16,32
Wait state control register 1 WCR1 R/W HFFFF H'5FFFFA2 8,16,32
Wait state control register 2 WCR2 R/W H'FFFF H'5FFFFA4 8,16,32
Wait state control register 3 WCR3 R/W H'F800 H'5FFFFA6  8,16,32
DRAM area control register DCR R/W H'0000 H'5FFFFA8 8,16,32
Parity control register PCR R/W H'0000 H'5FFFFAA 8,16,32
Refresh control register RCR R/W H'0000 H'5FFFFAC 8,16,32*2
Refresh timer control/status register RTCSR R/W H'0000 H'5FFFFAE 8,16,32*2
Refresh timer counter RTCNT R/W H'0000 H'5FFFFBO  8,16,32*2
Refresh time constant register RTCOR R/W H'00FF H'5FFFFB2 8,16,32*2

Notes: 1. Only the values of bits A27-A24 and A8—AQ are valid; bits A23—-A9 are ignored. For
details on the register addresses, see section 8.3.5, Description of Areas.

2. Write only with word transfer instructions. See section 8.2.11, Register Access, for
details on writing.

8.15 Overview of Areas

The SH microprocessors have 32-bit address spaces on the architecture, but the top 4 bits are
ignored. Table 8.3 outlines the division of space. As shown, the space is divided into areas 07 by
the value of the top addresses.

Each areais allocated a specific type of space. When the areais accessed, a strobe signal that
matches the type of area space is generated. This allocates peripheral LSls and memory devices
according to the type of the area spaces and allows them to be directly linked to this LSI. Some
areas are of afixed type based on their address while others can be selected in registers.

Area 0 can be used as an on-chip ROM space or external memory space. Areal can be used as
DRAM space or external memory space. DRAM space enables direct connection to DRAM and
outputs RAS, CAS and multiplexed addresses. Areas 2—4 can only be used as external memory
space. Area 5 can be used as on-chip peripheral module space or external memory space. Area 6
can be used as address/data multiplexed 1/0 space or external memory space. For address/data
multiplexed I/O space, an address and data are multiplexed and input/output from AD15-ADO0
pins. Area 7 can be used as on-chip RAM space or external memory space.

The bus width of the data busis basically switched between 8 bit and 16 bit by the value of
address bit A27. For the following areas, however, the bus width is determined by conditions other
than the A27 bit value.
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e On-chip ROM spacein area 0: Always 32 bits

» External memory spacein area 0: 8 bitswhen MDO pin is 0, 16 bits when the pinis 1
*  On-chip peripheral module space in area 5: 8 bits when the A8 address bit is 0, 16 bitswhen it

isl

e Area6: If A27 =0, area6 is 8 bitswhen the A14 address bit is 0, 16 bitswhen A14is 1

e On-chip RAM spacein area 7: Always 32 bits

See table 8.6 in section 8.3, Address Space Subdivision, for more information on how the space is

divided.
8.2 Register Descriptions

821 Bus Control Register (BCR)

The bus control register (BCR) is a 16-bit read/write register that selects the functions of areas and
status of bus cycles. It isinitialized to H'0000 by a power-on reset, but is not initialized by a

manual reset or by the standby mode.

Bit: 15 14 13 12 11 10 9 8
Bitname:  DRAME| IOE | WARP | RDDTY| BAS | — - | =
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W — — —

Bit: 7 6 5 4 3 2 1 0

Bit name: ‘ — ‘ — ‘ — ’ — ‘ — — — ‘ —
Initial value: 0 0 0 0 0 0 0 0
R/W: — — — — — — — —

e Bit 15 (DRAM enable bit (DRAME)): DRAME selects whether area 1 is used as an external
memory space or DRAM space. 0 setsit for external memory space and 1 setsit for DRAM
space. The setting of the DRAM area control register isvalid only when this bit is set to 1.

Bit 15: DRAME Description
0 Area 1 is external memory space (initial value)
1 Area 1 is a DRAM space

e Bit 14 (multiplexed 1/0O enable bit (IOE)): IOE selects whether area 6 is used as external
memory space or an address/data multiplexed I/O area. 0 sets it for external memory space and
1 setsit for address/data multiplexed 1/0 space. With address/data multiplexed 1/O space,
address and data are multiplexed and input/output is from AD15-ADO.
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Bit 14: IOE Description

0 Area 6 is external memory space (initial value)

1 Area 6 is an address/data multiplexed 1/O area

e Bit 13 (warp mode bit (WARP)): WARP selects warp or normal mode. 0 setsit for normal
mode and 1 setsit for warp mode. In warp mode, some external accesses are carried out in
parallel with internal access.

Bit 13: WARP Description

0 Normal mode: External and internal accesses are not simultaneously
performed (initial value)

1 Warp mode: External and internal accesses are simultaneously
performed

e Bit 12 (RD duty (RDDTY)): RDDTY selects 35% or 50% of the T1 state as the high-level duty
cycleratio of signal RD. 0 setsit for 50%, 1 sets it for 35%. Only set to 1 when the operating
frequency isaminimum of 10 MHz.

Bit 12: RDDTY Description
0 RD signal high-level duty cycle is 50% of T1 state (initial value)
1 RD signal high-level duty cycle is 35% of T1 state

e Bit 11 (byte access select (BAS)): BAS selects whether byte access control signals are WRH,
WRL, and A0, or LBS, WR and HBS during word space accesses. When this bit is cleared to
0, WRH, WRL, and A0 signals are valid; when set to 1, LBS, WR, and HBS, signals are valid.

Bit 11: BAS Description
0 WRH, WRL, and A0 enabled (initial value)
1 LBS, WR, and HBS enabled

e Bits 10-0 (reserved): These bits aways read as 0. The write value should always be 0.

8.2.2 Wait State Control Register 1 (WCR1)
Wait state control register 1 is a 16-bit read/write register that controls the number of states for

accessing each area and the whether wait states are used. WCRL1 isinitialized to H'FFFF by a
power-on reset. It is not initialized by amanual reset or by the standby mode.
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Bit: 15 14 13 12 11 10 9 8

Bitname:| RW7 | RW6 | RW5 | RW4 | RW3 | RW2 | RWL | RWO |
Initial value: 1 1 1 1 1 1 1 1
RW: RW RW RW RW RW RW RW RW

Bit: 7 6 5 4 3 2 1 0

Bit name:‘ — ’ — ‘ — ’ — ‘ — ‘ — ’ WW1 ‘ — ‘
Initial value: 1 1 1 1 1 1 1 1
R/W: — — — — — — R/W —

e Bits 15-8 (wait state control during read (RW7-RW0)): RW7-RWO determine the number of
statesin read cycles for each area and whether or not to sample the signal input from the
WALIT pin. Bits RW7-RWO correspond to areas 7-0, respectively. If abit is cleared to 0, the
WAIT signal is nhot sampled during the read cycle for the corresponding area. If itisset to 1,
sampling takes place.

For the external memory spaces of areas 1, 3-5, and 7, read cycles are completed in one state
when the corresponding bits are cleared to 0. When they are set to 1, the number of wait states
is 2 plusthe WAIT signal value. For the external memory space of areas 0, 2, and 6, read
cycles are completed in one state plus the number of long wait states (set in wait state
controller 3 (WCR3)) when the corresponding bits are cleared to 0. When they are set to 1, the
number of wait statesis 1 plus the long wait state; when the WAIT signal is at low level as
well, await state isinserted.

The DRAM space (area 1) finishes the column address output cycle in one state (short pitch)
when the RW1 bit is 0, and in 2 states plus the WAIT signal value (long pitch) when RW1is 1.
When RW1isset to 1, the number of wait states selected in wait state insertion bits 1 and O
(RLWO and RLW1) for CAS-before-RAS (CBR) refresh of the refresh control register (RCR)
are inserted during the CBR refresh cycle, regardless of the status of the WAIT signal.

The read cycle of the address/data multiplexed |/O space (area 6) is 4 states plus the wait states
from the WAIT signal, regardless of the setting of the RW6 bit. The read cycle of the on-chip
peripheral module space (area 5) finishes in 3 states, regardless of the setting of the RW5 hit,
and the WAIT signal is not sampled. The read cycles of on-chip ROM (area 0) and on-chip
RAM (area7) finish in 1 state, regardless of the settings of bits RWO0 and RW7. The WAIT
signal is not sampled for either.

Table 8.3 summarizes read cycle state information.
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Table8.3 Read Cycle State Description

Read Cycle States

External Memory Space

Internal space

WAIT Multi-  On-chip On-chip
Bits 15-8: Pin Input External Memory Plexed Peripheral ROM and
RW7-RWO0 Signal Space DRAM Space 1/0 Module RAM
0 Not *Areas 1,3-57:1 Column add- 4 states 3 states, 1 state,
sampled state, fixed ress cycle: 1 +wait  fixed fixed
during Areas 0, 2, 6: 1 state state, fixed states
read + long wait state (short pitch) from
cycle*! WAIT
1 Sampled Areas 1, 3-5,7:2 Column
during states + wait states  address cycle:
read from WAIT 2 states + wait
cycle Areas 0, 2, 6: 1 state State from
(initial + long wait state + WAIT (long
value) wait state from pitch)*?

WAIT

Notes: 1. Sampled in the address/data multiplexed 1/O space

2. During a CBR refresh, the WAIT signal is ignored and the wait state from the RLW1

and RLWO bits of RCR is inserted.

* Bits7-2 (reserved): These bits always read as 1. The write value should always be 1.

e Bit 1 (wait state control during write (WW1)): WW1 determines the number of statesin write
cyclesfor the DRAM space (area 1) and whether or not to sample the WAIT signal. When the
DRAM enable bit (DRAME) of the BCR issetto 1 and area 1 is being used as DRAM space,
clearing WW1 to 0 makes the column address output cycle finish in 1 states (short pitch).
When WW1isset to 1, it finishesin 2 states plus the wait states from the WAIT signal (long

pitch).

Note: Write 0 to WW1 only when area 1 isused as DRAM space (DRAME bit of BCRis 1).
Never write 0 to WW1 when area 1 is used as external memory space (DRAME is0).

Area 1's External Memory

Bit 1: WW1 DRAM Space (DRAME =1) Space (DRAME =0)
0 Column address cycle: 1 state (short pitch) Setting inhibited
1 Column address cycle: 2 states + wait state 2 states + wait state from WAIT

from WAIT (long pitch) (initial value)

e Bit 0 (reserved): Thisbit always reads 1. The write value should always be 1.
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8.2.3 Wait State Control Register 2 (WCR2)

Wait state control register 2 is a 16-bit read/write register that controls the number of states for
accessing each areawith a DMA single address mode transfer and whether wait states are used.
WCR2 isinitialized to H'FFFF by a power-on reset. It is not initialized by a manual reset or by the

standby mode.
Bitt 15 14 13 12 11 10 9 8
Bit name:‘ DRW?7 ] DRWG‘ DRW5 ] DRW4‘ DRW3 ‘ DRW?2 ] DRWl‘ DRWO ]
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
Bit name:‘ DWW7‘ wae‘ DWW5’ DWW4‘ was‘ waz\ DWWl‘ wao]
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15-8 (wait state control during single-mode DMA transfer (DRW7-DRWO)): DRW7—
DRWO determine the number of statesin single-mode DMA memory read cycles for each area
and whether or not to sample the WAIT signal. Bits DRW7-DRWO correspond to areas 7-0,
respectively. If abit is cleared to 0, the WAIT signal is not sampled during the single-mode
DMA memory read cycle for the corresponding area. If it is set to 1, sampling takes place.

For the external memory spaces of areas 1, 3-5, and 7, single-mode DMA memory read cycles
are completed in one state when the corresponding bits are cleared to 0. When they are set to 1,
the number of wait statesis 2 plus the wait states from the WAIT signal. For the external
memory space of areas 0, 2, and 6, single-mode DMA memory read cycles are completed in
one state plus the long wait state number (set in wait state controller 3 (WCR3)) when the
corresponding bits are cleared to 0. When they are set to 1, the number of wait statesis 1 plus
the long wait state; when the WAIT signal is at low level aswell, await state is inserted.

The DRAM space (area 1) finishes the column address output cycle in one state (short pitch)
when the DRW1 bit is 0, and in 2 states plus the wait states from the WAIT signal (long pitch)
when DRW1 is 1. The single-mode DMA memory read cycle of the address/data multiplexed
1/0 space (area 6) is 4 states plus the wait states from the WAIT signal, regardless of the
setting of the DRW6 bit.

Table 8.4 summarizes single-mode DMA memory read cycle state information.
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Table84 SingleeMode DMA Memory Read Cycle States (External Memory Space)

Description
Single-Mode DMA Memory Read Cycle States
(External Memory Space)

Bits 15-8: WAIT Pin Input External Memory Multiplexed
DRW7-DRWO0O Signal Space DRAM Space I/O
0 Not sampled during  Areas 1, 3-5,7: 1 state, Column address 4 states +

single-mode DMA fixed cycle: 1 state, wait states

memory read cycle* fixed (short from WAIT

Areas 0, 2, 6: 1 state +
long wait state

pitch)

1 Sampled during
single-mode DMA
memory read cycle
(initial value)

Areas 1, 3-5, 7: 2 states
+ wait states from WAIT

Areas 0, 2, 6: 1 state +
long wait state + Wait
state from WAIT

Column address
cycle: 2 states +
wait state from
WAIT (long
pitch)

Note: Sampled in the address/data multiplexed I/O space.

e Bits 7-0 (singleemode DMA memory write wait state control (DWW 7-DWWQ0)): DWW7—
DWWO0 determine the number of statesin single-mode DMA memory write cycles for each
area and whether or not to sample the WAIT signal. Bits DWW7-DWWO correspond to areas
7-0, respectively. If abit iscleared to 0, the WAIT signal is not sampled during the single-
mode DMA memory write cycle for the corresponding area. If it is set to 1, sampling takes

place.

The number of states for areas accesses based on bit settings are the same as indicated for
single-mode DMA memory read cycles. See bits 15-8, wait state control during single-mode
DMA memory transfer (DRW7-DRWO), for details.

Table 8.5 summarizes single-mode DMA memory write cycle state information.
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Table85 SingleeMode DMA Memory Write Cycle States (External Memory Space)

Description
Single-mode DMA Memory Write Cycle States
(External Memory Space)
Bits 15-8: WAIT Pin Input External Memory Multiplexed
DWW7-DWWO Signal Space DRAM Space I/O
0 Not sampled during Areas 1, 3-5,7: 1 state, Column address 4 states +
single-mode DMA  fixed cycle: 1 state, wait state
memory write cycle* Areas 0. 2. 6: 1 state + fixed (short from WAIT
long wait state pitch)
1 Sampled during Areas 1, 3-5, 7: 2 states Column address

single-mode DMA  + wait state from WAIT  cycle: 2 states +
memory write cycle Areas 0. 2. 6: 1 state + wait state from
(initial value) L WAIT (long

long wait state + wait '
pitch)

state from WAIT

Note: Sampled in the address/data multiplexed I/O space.

8.24 Wait State Control Register 3 (WCR3)

Wait state control register 3 is a 16-bit read/write register that controls WAIT pin pull-up and the
insertion of long wait states. WCR3 is initialized to H'F800 by a power-on reset. It is not
initialized by amanual reset or by the standby mode.

Bitt 15 14 13 12 11 10 9 8
Bit name:‘ WPU ’AOZLWl‘AOZLWO’ A6LW1‘ ABLWO ‘ — ] — ‘ — ]
Initial value: 1 1 1 1 1 0 0 0

R/W: R/W R/W R/W R/W R/W — — —

Bit: 7 6 5 4 3 2 1 0
gtname: | — | — | — | — | — | — | — | — |
Initial value: 0 0 0 0 0 0 0 0

R/W: — — — — — — - —

e Bit 15 (wait pin pull-up control (WPU)): WPU controls whether the WAIT pin is pulled up or
not. When cleared to O, the pin is not pulled up; when set to 1, it is pulled up.
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Bit 15: WPU Description

0 WAIT pin is not pulled up

1 WAIT pin is pulled up (initial value)

* Bits14 and 13 (long wait insertion in areas 0 and 2, bits 1, 0 (AO2LW1 and A02LWOQ)):
A02LW1 and A02L WO select the long wait states to be inserted (14 states) when accessing
external memory space of areas 0 and 2.

Bit 14: AO2LW1 Bit 13: AO2LWO Description

0 0 Inserts 1 state
1 Inserts 2 states
1 0 Inserts 3 states
1 Inserts 4 states (initial value)

e Bits12and 11 (long wait insertion in area 6, bits 1, 0 (A6LW1 and A6LWO0)): A6LW1 and
ABLWO select the long wait states to be inserted (14 states) when accessing external memory
space of area 6.

Bit 12: A6LW1 Bit 11: A6GLWO Description

0 0 Inserts 1 state
1 Inserts 2 states
1 0 Inserts 3 states
1 Inserts 4 states (initial value)

* Bits10-0 (reserved): These bits always read as 0. The write value should always be 0.

8.25 DRAM Area Control Register (DCR)

The DRAM area control register (DCR) is a 16-bit read/write register that selects the type of
DRAM control signal, the number of precharge cycles, the burst operation mode and the use of
address multiplexing. DCR settings are valid only when the DRAME bit of BCRissetto 1. It is
initialized to H'0000 by a power-on reset, but is not initialized by a manual reset or by the standby
mode.
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Bit: 15 14 13 12 11 10 9 8

Bitname:| CW2 | RASD | TPC | BE | CDTY | MXE | MXCL | MXCO |
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Bit: 7 6 5 4 3 2 1 0
awoames | — [ — | — | — [ = - -] —|
Initial value: 0 0 0 0 0 0 0 0

R/W: — — —_ — — — — _

e Bit 15 (dual-CAS or dual-WE select bit (CW2)): When accessing a 16-bit bus width space,
CW?2 selects the dual-CAS or the dual-WE method. When cleared to O, the CASH, CASL, and
WRL signals are valid ; when set to 1, the CASL, WRH, and WRL signals are valid. When
accessing an 8-bit space, only CASL and WRL signals are valid, regardless of CW2 settings.

Bit 15L: CW2 Description
0 Dual-CAS: CASH, CASL, and WRL signals are valid (initial value)
1 Dual-WE: CASL, WRH, and WRL signals are valid

* Bit 14 (RAS down (RASD)): When DRAM access pauses, RASD determines whether to keep
RAS low while waiting for the next DRAM access (RAS down mode) or return it to high
(RAS up mode). When cleared to 0, the RAS signal returnsto high; when set to 1, it stays at

low.
Bit 14: RASD Description
0 RAS up mode: Return RAS signal to high and wait for the next DRAM
access (initial value)
1 RAS down mode: Keep RAS signal low and wait for the next DRAM

access

« Bit 13 (RAS precharge cycle count (TPC)): TPC selects whether the RAS signal precharge
cycle (Tp) will be 1 state or 2. When TPC is cleared to 0, a 1-state precharge cycleisinserted;
when 1 is set, a 2-state precharge cycle isinserted.

Bit 13: TPC Description
0 Inserts 1-state precharge cycle (initial value)
1 Inserts 2-state precharge cycle
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« Bit 12 (burst operation enable (BE)): BE selects whether or not to perform burst operation, a
high speed page mode. When burst operation is not selected (0), the row addressis not
compared but instead is transferred to the DRAM every time and full accessis performed.
When burst operation is selected (1), row addresses are compared and burst operation with the
same row address as the previous is performed (in this access, no row address is output and the
column address and CAS signal alone are output).

Bit 12: BE Description
0 Normal mode: full access (initial value)
1 Burst operation: high-speed page mode

e Bit 11 (CASduty (CDTY)): CDTY selects 35% or 50% of the T¢ state as the high-level duty
ratio of the signal CAS in the short-pitch access. When cleared to 0, the CAS signal high level
duty is 50%; when set to 1, it is 35%. Only set to 1 when the operating frequency isa
minimum of 10 MHz.

Bit 11: CDTY Description
0 CAS signal high level duty cycle is 50% of the T state (initial value)
1 CAS signal high level duty cycle is 35% of the T state

¢ Bit 10 (multiplex enable bit (MXE)): MXE determines whether or not DRAM row and column
addresses are multiplexed. When cleared to 0, addresses are not multiplexed; when set to 1,
they are multiplexed.

Bit 10: MXE Description
0 Multiplex of row and column addresses disabled (initial value)
1 Multiplex of row and column addresses enabled

e Bits9and 8 (multiplex shift count 1 and 0 (MXC1 and MXCQ)): Shift row addresses
downward by a certain number of bits (8-10) when row and column addresses are multiplexed
(MXE =1). Regardless of the MXE hit setting, these bits also select the range of row addresses
compared in burst operation.
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Bit9: Bit8: Row Address Shift Row Address Bits Compared (in burst operation)
MXC1 MXCO (MXE =1) (MXE=0or1)
0 0 8 bits (initial value) A8-A27 (initial value)
1 9 bits A9-A27
1 0 10 bits A10-A27
1 Reserved Reserved

Bits 7-0 (reserved): These bits always read as 0. The write value should always be 0.

8.2.6 Refresh Control Register (RCR)

The refresh control register (RCR) is a 16-bit read/write register that controls the start of
refreshing and selects the refresh mode and the number of wait states during refresh. Itis
initialized to H'0000 by a power-on reset, but is not initialized by a manual reset or by the standby

mode.

To prevent RCR from being written incorrectly, it must be written by a different method from
most other registers. A word transfer operation is used, H'5A iswritten in the top byte, and the
actual datais written in the lower byte. For details, see section 8.2.11, Notes on Register Access.

Bitt 15 14 13 12 11 10 9 8
S = I B = e
Initial value: 0 0 0 0 0 0 0 0

R/W: — — — — — — _ _

Bitt 7 6 5 4 3 2 1 0
Bitname:‘ RFSHE‘RMODE‘ RLW1 ] RLWO‘ — ‘ — \ _ ‘ _ ’
Initial value: 0 0 0 0 0 0 0 0

RW: RW RW RW  RW — _ _ _

« Bit 15-8 (reserved): These bits alwaysread as 0.

e Bit 7 (refresh control (RFSHE)): RFSHE determines whether or not to perform DRAM refresh
operations. When this bit is cleared to 0, no DRAM refresh control is performed and the
refresh timer counter (RTCNT) can be used as an 8-bit interval timer. When set to 1, DRAM

refresh control is performed.
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Bit 7: RFSHE Description

0 Refresh control disabled. RTCNT can be used as an 8-bit interval
timer. (initial value)

1 Refresh control enabled

* Bit 6 (refresh mode (RMODE)): When DRAM refresh control is selected (RFSHE = 1),
RMODE selects whether to perform CAS-before-RAS (CBR) refresh or self-refresh. When
thishit is cleared to 0, a CBR refresh is performed at the cycle set in the refresh timer
control/status register (RTCSR) and refresh time constant register (RTCOR). When set to 1, it
the DRAM does a self-refresh. When refresh control is not selected (RFSHE = 0), the RMODE
bit setting is not valid. When canceling self-refresh, set RMODE to 0 with RFSHE set to 1.

Bit 6: RMODE Description
0 CAS-before-RAS refresh (initial value)
1 Self-refresh

e Bits5and 4—Insert wait states during CBR refresh bits 1 and 0 (RLW1, RLWO): These bits
select the number of wait statesto be inserted (1-4) during CAS-before-RAS refresh. When
CBR refresh is performed and the RW1 bit of WCR1 is set to 1, the number of wait states
selected in the RLW1 and RLWO isinserted regardless of the WAIT signal. When the RW1 bit
iscleared to 0, the RLW1 and RLWO hit settings are ignored and no wait states are inserted.

Bit 5: RLW1 Bit 4: RLWO Description

0 0 Inserts 1 state (initial value)
1 Inserts 2 states

1 0 Inserts 3 states
1 Inserts 4 states

« Bits3-0 (reserved): These bits always read as 0. The write value should always be 0.

8.2.7 Refresh Timer Control/Status Register (RTCSR)

The refresh timer control/status register (RTCSR) is a 16-bit read/write register that selects the
clock input to refresh timer counter (RTCNT) and controls compare match interrupts (CMI). It is
initialized to H'0000 by a power-on reset, but is not initialized by a manual reset or by the standby
mode.

To prevent RTCSR from being written incorrectly, it must be written by a different method from
most other registers. A word transfer operation is used, H'A5 iswritten in the top byte and the
actual dataiswritten in the lower byte. For details, see section 8.2.11, Notes on Register Access.
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Bit:
Bit name:

Initial value:
R/W:

Bit:
Bit name:

Initial value:
R/W:

15 14 13 12 11 10 9 8
T -T-T-T-T-T-1
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
‘CMF ] CMIE‘ CKSZ’CKSl‘ CKSO‘ — ] — \ — \
0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W — — —

Bits 15-8 (reserved): These bits alwaysread as 0.

Bit 7 (compare match flag (CMF)): CMF is aflag that indicates whether the values of RTCNT

and the refresh time constant register (RTCOR) match. When 0, the value of RTCNT and
RTCOR do not match; when 1, the value of RTCNT and RTCOR match.

Bit 7: CMF Description

0 RTCNT does not equal the value of RTCOR (initial value)
To clear CMF, the CPU must read CMF after it has been set to 1, then write a
0 in this bit

1 Value RTCNT is equal to the value of RTCOR

« Bit 6 (compare match interrupt enable (CMIE)): CMIE enables or disables the compare match
interrupt (CMI) generated when CMF issetto 1in RTCSR (RTCNT value = RTCOR value).
When cleared to 0, CMI interrupt is disabled; when set to 1, it is enabled.

Bit 6: CMIE Description
0 Compare match interrupt request (CMI) is disabled (initial value)
1 Compare match interrupt request (CMI) is enabled

» Bits5-3(clock select bits 2-0 (CKS2-CK S0)): CKS2—-CK S0 select the clock input to RTCNT
from among the seven types of clocks created by dividing the system clock (). When the input
clock is selected with the CKS2—CK S0 bits, RTCNT starts to increment.
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Bit 5: CKS2 Bit 4: CKS1 Bit 3: CKSO Description

0 0 0 Clock input disabled (initial value)
1 @2
1 0 /8
1 @32
1 0 0 @128
1 @/512
1 0 /2048
1 /4096

* Bits2-0 (reserved): These bits always read as 0. The write value should always be 0.

8.2.8 Refresh Timer Counter (RTCNT)

The refresh timer counter (RTCNT) is a 16-bit read/write register that is used as an 8-bit upcounter
that generates the refresh or interrupt request. When the input clock is selected by clock select bits
20 (CKS2—CK S0) in RTCSR, that clock makes the RTCNT start incrementing. When the values
of RTCNT and the refresh time constant register (RTCOR) match, RTCNT is cleared to H'0000
and the CMF flag of the RTCSR is set to 1. When the RFSHE bit of the RCR isalso setto 1, a
CAS-before-RAS refresh is performed. When the CMIE bit of the RTCSRisalso setto 1, a
compare match interrupt (CMI) is generated.

Bits 15-8 are reserved bits and do not count. These bits always read as 0.

RTCNT isinitialized to H'0000 by a power-on reset, but is not initialized by a manual reset or by
the standby mode.

To prevent RTCSR from being written incorrectly, it must be written by a different method from
most other registers. A word transfer operation is used, H'69 is written in the top byte and the
actual datais written in the lower byte. For details, see section 8.2.11, Register Access.
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Bit: 15 14 13 12 11
Bit name: ‘ — ‘ — — — ‘ — ‘ — ‘ — ‘ — ’
Initial value: 0 0 0 0 0 0 0 0
R/W: — — — — — — — —
Bit: 7 6 5 4 3 2 1 0
Bit name: ‘ ‘ ‘ ’
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W
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8.2.9 Refresh Time Constant Register (RTCOR)

The refresh time constant register (RTCOR) is a 16-bit read/write register that sets the compare
match cycle used with RTCNT. The valuesin RTCOR and RTCNT are constantly compared.
When they match, the compare-match flag (CMF) isset in RTCNT and RTCSR is cleared to
H'0000. If the bit RFSHE in RCR is set to 1 when this happens, a CAS before RAS (CBR) refresh
is performed. When the CMIE bit of the RTCSR is also set to 1, acompare match interrupt (CMI)
is generated.

Bits 15-8 are reserved bits and cannot be used to set the cycle. These bits aways read as 0.
RTCOR isinitiaized to H'OOFF by a power-on reset, but is not initialized by a manual reset or by
the standby mode.

To prevent RTCOR from being written incorrectly, it must be written by a different method from
most other registers. A word transfer operation is used, H'96 is written in the top byte and the
actual datais written in the lower byte. For details, see section 8.2.11, Note on Register Access.

Bit: 15 14 13 12 11 10 9 8
gitname: | — | — | — | — | — | — | — | — |
Initial value: 0 0 0 0 0 0 0 0

R/W: — — — — — — — _

Bit: 7 6 5 4 3 2 1 0
Bit name: | | | | | | | | |
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

8.210 Parity Control Register (PCR)

The parity control register (PCR) is a 16-bit read/write register that selects the parity polarity and
space to be parity checked. PCR isinitialized to H'0000 by a power-on reset, but is not initialized
by amanual reset or by the standby mode.
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Bit: 15 14 13 12 11 10 9 8

Bitname:| PEF | PFRC| PEO | PCHKL| PCHKO| — | — | — |
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW  RW — — —_

Bit: 7 6 5 4 3 2 1 0
awoames | — [ — | — | — [ = - -] —|
Initial value: 0 0 0 0 0 0 0 0

R/W: — — —_ — — — — _

e Bit 15 (parity error flag (PEF)): When a parity check is done, PEF indicates whether a parity
error has occurred. 0 indicates that no parity error has occurred; 1 indicates that a parity error
has occurred.

Bit 15: PEF Description

0 No parity error (initial value).
Cleared by reading PEF after it has been set to 1, then writing 0 in
PEF.

1 Parity error has occurred.

« Bit 14 (parity output force (PFRC)): PFRC selects whether to produce a forced parity output
for testing the parity error check function. When cleared to 0, there is no forced output; when
set to 1, it produces aforced output of high level from the DPH and DPL pins when datais
output, regardless of the parity.

Bit 14: PFRC Description
0 Parity output not forced (initial value)
1 High output forced

e Bit 13 (parity polarity (PEO)): PEO selects even or odd parity. When cleared to O, parity is
even; when set to 1, parity is odd.

Bit 13: PEO Description
0 Even parity (initial value)
1 Odd parity

e Bits12 and 11 (parity check enable bits 1, 0 (PCHK1 and PCHKO0)): These bits determine
whether or not a parity is checked and generated, and select the check and generation spaces.
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Bit 12: PCHK1 Bit 11: PCHKO Description

0 0 Parity not checked and not generated (initial value)
1 Parity checked and generated only in DRAM area

1 0 Parity checked and generated in DRAM area and area 2
1 Reserved

e Bits 10-0 (reserved): These bits aways read as 0. The write value should always be 0.

8.211 Noteson Register Access

RCR, RTCSR, RTCNT, and RTCOR differ from other registersin being more difficult to write.
Data requires a password when it is written. This prevents data from being mistakenly overwritten
by program overruns and the like.

Writingto RCR, RTCSR, RTCNT, and RTCOR: Use only word transfer instructions. Y ou
cannot write with byte transfer instructions. As figure 8.2 shows, when writing to RCR, place
H'5A in the upper byte and the write data in the lower byte. When writing to RTCSR, place H'A5
in the upper byte and the write data in the lower byte. When writing to RTCNT, place H'69 in the
upper byte and the write datain the lower byte. When writing to RTCOR, place H'96 in the upper
byte and the write datain the lower byte. These transfers write data in the lower byte to the
respective registers. If the upper byte differs from the above passwords, no writing occurs.

15 8 7 0
RCR H'5A Write data
15 8 7 0
RTCSR H'A5 Write data
15 8 7 0
RTCNT H'69 Write data
15 8 7 0
RTCOR H'96 Write data

Figure8.2 Writingto RCR, RTCSR, RTCNT, and RTCOR

Reading from RCR, RTCSR, RTCNT, and RTCORP: These registers are read like other
registers. They can be read by byte and word transfer instructions. If read by word transfer, the
value of the upper eight bitsis H'00.
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8.3 Address Space Subdivision

831 Address Spaces and Areas

Figure 8.3 shows the address format used in thisLSI.

I | 4 Gbyte space =:
| < 128 Mbyte space >
: | < : 16 Mbyte space >
| | | < 4 Mbyte space ——————»!
| | | | !
A31-A28|A27| A26-A24 |A23.A22| A21 20

L

Output address:
Output from address pins
A21-A0

—— Ignore: Only valid when the address multiplex
function is being used in the DRAM space (area 1);
not output in other cases. When not output,
becomes shadow.

—— Area selection:
Decoded to become chip select signals CS0—CS7 for areas 0-7

—— Basic bus width selection:
Not output externally, but used for basic bus width selection
When 0, (H'0000000-H'7FFFFFF), the basic bus width is 8 bits.
When 1, (H'8000000-H'FFFFFFF) the basic bus width is 16 bits.

—— Ignore: Always ignore, not output externally

Figure8.3 Address Format

Since this LS| uses a 32-bit address, 4 Gbytes of space can be accessed on the architecture;
however, the upper 4 bits (A31-A28) are always ignored and not output. Bit A27 is basically only
used for switching the bus width. When the A27 bit is 0 (H'0000000-H'7FFFFFF), the bus width
is 8 bits; when the A27 bit is 1 (H'8000000—H'FFFFFFF), the bus width is 16 bits. Of the
remaining 27 bits (A26-A0), atotal 128 Mbyte can thus be accessed.

The 128 Mbyte space is subdivided into 8 areas (areas 0—7) of 16 Mbytes each according to the
values of bits A26-A24. The space with bits A26-A24 as 000 isarea 0 and the space 111 isarea 7.
The A26-A24 bits are decoded and become the chip select signals (CS0-CS7) of the
corresponding areas 0—7 and output. Table 8.6 shows how the spaceis divided.
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Table 8.6

How SpaceisDivided

Capacity Bus Cs
Area Address Assign-able Memory (linear space) Width Output
0 H'0000000 — H'OFFFFFF  On-chip ROM*1 16 kB*3 32 —
32 kB**
External memory*2 4 MB 8/16*> CS0
1 H'1000000 — H'1IFFFFFF External memory 4 MB 8 Cs1
DRAM?*6 16 MB 8 RAS CAS
2 H'2000000 — H'2FFFFFF External memory 4 MB 8 CS2
3 H'3000000 — H'3FFFFFF External memory 4 MB 8 CS3
4 H'4000000 — H'4FFFFFF External memory 4 MB 8 Cs4
5 H'5000000 — H'5FFFFFF  On-chip peripheral module 512 B 8/16*" —
6 H'6000000 — H'6FFFFFF External memory*® 4 MB 8/16*8 CS6
Multiplexed 1/O 4 MB
7 H'7000000 — H'7FFFFFF External memory 4 MB 8 CS7
H'8000000 — H'8FFFFFF  On-chip ROM*! 16 kB*3 32 —
32 kB**
External memory*2 4 MB 8/16*°> CSO
1 H'9000000 — H'9FFFFFF External memory 4 MB 16 Cs1
DRAM*6 16 MB 16 RAS CAS
2 H'A000000 — H'AFFFFFF External memory 4 MB 16 CS2
3 H'BO00000 — H'BFFFFFF External memory 4 MB 16 CS3
4 H'C000000 — H'CFFFFFF External memory 4 MB 16 Cs4
5 H'D000000 — H'DFFFFFF External memory 4 MB 16 CS5
6 H'E000000 — H'EFFFFFF External memory 4 MB 16 CS6
7 H'FO00000 — H'FFFFFFF  On-chip RAM 1kB 32 —
Notes: 1. When MD2-MDO pins are 010

For SH7020
For SH7021
Select with MDO pin

Noak~owdh

When MD2-MDO pins are 000 or 001

Select with DRAME bit in BCR
Divided into 8-bit and 16-bit space according to value of address bit A8 (Long word

accesses are inhibited, however, in on-chip peripheral modules with bus widths of 8
bits. Some on-chip peripheral modules with bus widths of 16 bits also have registers
that are only byte-accessible and registers for which byte access is inhibited. For
details, see the sections on the individual modules.)
8. Divided into 8-bit space and 16-bit space by value of address bit A14

9. Select with IOE bit of BCR
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Asfigure 8.4 shows, specific spaces such as DRAM space and address/data multiplexed 1/O space
are alocated to the 8 areas. Each of the spaces is equipped with the necessary interfaces. The
control signals needed by DRAM and peripheral LSIswill be output by the chip to devices
connected to an area allocated to the appropriate type of space.

8.3.2 BusWidth

The primary bus width selection on for this chip is made by switching between 8-bit and 16 bit
using the A27 bit. When A27 is 0, the bus width is 8 bits and data is input/output through the
AD7-ADO pins; when A27 is 1, the size is 16 hits and datais input/output through the AD15—
ADO pins for word accesses. For byte access, the top byte isinput/output through AD15-AD8 and
the lower byte through AD7-ADO. When the bus width is 8 bits or byte accessis being performed
with a 16-bit bus width, the status of the eight AD pinsthat are not inputting/outputting datais as
shown in appendix B, Pin States.

Bus widths are also determined by conditions other than the A27 bit for specific areas:

* AreaOisan 8-bit external memory space when the MD2-MDO pins are 000, a 16-bit external
memory space when the same bits are 001, and a 32-bit on-chip ROM space when they are
010.

» Area5isan 8-bit on-chip peripheral module space when the A27 bit and A8 bit are both 0 and
a 16-bit on-chip peripheral module space when the A27 bit is 0 and the A8 bit is 1. When the
A27 bitis1, it isa16-bit external memory space.

* Area6isan 8-bit buswidth when the A27 bit and A14 bit are both 0 and a 16-bit bus width
when the A27 bit is 0 and the A14 bit is 1. When the A27 bit is 1, it isa 16-bit space.

* Area7isa32-bit on-chip RAM space when the A27 bit is 1 and an 8-bit external memory
space when the A27 hit is 0.

Word (16-hit) data accessed from 8-bit bus areas and longword (32-bit) data accessed from 16-bit
bus areas require two consecutive accesses. Longword (32-bit) data accessed from 8-bit bus areas
requires four consecutive accesses.

833  Chip Select Signals (CS0—CS7)

When the A26-A24 bits of the address are decoded, they become chip select signals (CS0—CS7)
for areas 0—7. When an area is accessed, the corresponding chip select pins are driven low. Table
8.7 shows the relationship between the A26-A24 bits and the chip select signals.
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Table8.7 A26-A24 Bitsand Chip Select Signals

Address
A26 A25 A24 Area Selected Chip Select Pin Driven Low
0 0 0 Area 0 CS0
1 Area 1 Cs1
1 0 Area 2 Cs2
1 Area 3 CS3
1 0 0 Area 4 C+4
1 Area 5 CS5
1 0 Area 6 CS6
1 Area 7 CSs7

The chip select signal is output only for external accesses. When accessing the on-chip ROM (area
0), on-chip peripheral modules (area 5) and on-chip RAM (area 7), the CS0, CS5, and CS7 pins
are not driven low. When accessing DRAM space (area 1), select the RAS and CAS signals with
the pin function controller.

834 Shadows

The size of each areais 16 Mbytes, which can be specified with 24 address bits A23-A0 for 8-bit
spaces and 16-bit spaces alike. Bits A23 and A22, however, output externally only when the
address multiplex function is used in DRAM space (area 1); in al other cases, there is no output,
so the actually accessible areafor al areasisthe 4 Mbyte that can be specified with 22 bits A21—
AO0. No matter what the values of A23 and A22, the same 4 Mbytes of actual spaceis accessed. As
illustrated in figure 8.4 (a), the A23 and A22 bit regions 00, 01, 10 and 11 are called shadows of
actual areas. Shadows are allocated in 4-Mbyte units for both 8-bit and 16-bit bus widths. When
the same addresses H'3200000, H'3600000, H'3A 00000 and H'3E00000 are specified for values
A21-A0, as shown in figure 8.4 (b), the same actual spaceis accessed regardless of the A23 and
A22 hits.

In areas whose bus widths are switchable using the A27 address bit, the shadow of the same actual
spaceis alocated to both A27 = 0 spaces and A27 = 1 spaces (figure 8.4(a)). When the value of
A27 is changed, the valid AD pins switch from AD15-ADO0 to AD7-ADOQ, but the actual space
accessed remains the same.

The spaces of on-chip ROM (area 0), DRAM (area 1), on-chip peripheral modules (area 5) and on-
chip RAM (area 7) have shadows of different sizes from those discussed above. See section 8.3.5,
Description of Areas, for details.
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H'BO0000O0 [~

H'B3FFFFF

Logical address space

H'3000000

H'B400000

H'B7FFFFF H'3400000

H'33FFFFF

Shadow AN
(A23, A22 = 00) N

H'B800000 |H'37FFFFF

H'BBFFFFF

Shadow N
(A23, A22 = 01) AN

H'3800000

H'BC00000

H'3C00000
H'BFFFFFF

H'3BFFFFF

Shadow ’
(A23,A22=10) | ,~

H'3FFFFFF

16-hit space

Shadow ’
(A23,A22=11) |

8-bit space

a. Shadow allocation

Logical address space

H'3000000
H'3200000 ——»

H'33FFFFF

H'3400000
H'3600000 ——»

H'37FFFFF
H'3800000

H'3A00000 ———»

H'3BFFFFF
H'3C00000

H'3E00000 ——»
H'3FFFFFF

Location indicated
by address

Location indicated
by address

Actual space

Area
accessible
with A21-A0

4 Mbytes

Actual space

Location indicated
by address

Location indicated
by address

8-bit space

\ 4

Location actually

accessed

b. Actual space accessed when addresses are specified

Figure8.4 Shadows
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8.35 Area Description

Area 0: Area O isthe area where addresses A26-A24 are 000 and its address range is H'0000000—
H'OFFFFFF and H'8000000-H'8FFFFFF. Figure 8.5 isa memory map of areaO.

Area 0 can be set for use as on-chip ROM space or external memory space with the mode pins
(MD2-MD0). The MD2-MDO pins al so determine the bus width, regardless of the A27 address
bit. When MD2-MDO are 000, area 0 is an 8-hit external memory space; when they are 001, area
0 isa16-hit external memory space; and when they are 010, it is a 32-bit on-chip ROM space.

In the SH7020, the capacity of the on-chip ROM is 16 kbyte, so bits A23-A14 areignored in on-
chip ROM space and the shadow isin 16 kbyte units. Inthe SH7021, the capacity of the on-chip
ROM is 32 kbyte, so bits A23—-A15 are ignored in on-chip ROM space and the shadow isin 32
kbyte units. The CSO signal is disabled in on-chip ROM space.

In external memory space, the A23 and A22 bits are not output and the shadow isin 4-Mbyte
units. When external memory space is accessed, the CSO signal is valid. The external memory
space has along wait function, so between 1 and 4 states can be selected for the number of long
waits inserted into the bus cycle using the areas 0 and 2 long wait insertion bits (AO2LW1,
A02LWO) of wait state controller 3 (WCR3).
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Logical address space

H'8000000

Logical address space

H'8000000 [
H'8003FFF(SH7020) |—~— .
H'8007FFF(SH7021) ,_]0003229 Shadow H'0000000
H'8004000(SH7020) | H'0003FFF |
H'8008000(SH7021) (SH7020)| Shadow Shadow
HO007FFF| shadow |\ H'83FFFFF | _
(SH7021) oy H'8400000 ™
: A H'03FFFFF
H'004000 v C
(SH7020) L H0400000
H'0008000 \\ \‘i NG N l
SH7021 g - v.Actual space
( ) L i H'87EEFERE Shadow
\ \ Actual space H8800000 H"(')'7-I.:_I_:FFF _f'{',:' External
A . - S| memory
! j| Qn-chip ROM H'0800000 k| space
1| SH7020: Y| @ Mbytes)
A 16 kbyte
i \\ SH7021: H'SBFFFFF Shadow ;)
i 32 kbyte| '8C00000 [~ 1+ MD2-MDO =
] - I P
) [ = Vvalid HOBFFEEE -/ 000: 8-bit
| ; addresses H'0C00000 / access,
,'// // A15-A0 ;001: 16-bit
1 (A23-Al16 Shadow | access
H'8FFCo00| - v/// ignored) H'8FFFFFF ; « Valid
(SH7020) Shadow |, « CSO0 not ! addresses
H'8FF8000 L——- Shadow |- valid H'OFFFFFF A21-A0
(SH7021) KR e s hadow | 8orl6  8ori6 (A23 and
Hgoplzgoog', acow bit space bit space A22 not
(SH7021) output) "y
H'OFFFFFF * €S0 valic
» Long wait
32-bit space 32-bit space function

setting.

MD2-MDO = 010

MD2-MDO = 000 or 001

Note: The bus width of area 0 is determined by the MD2—MDO pins regardless of the A27 bit

Figure85 Memory Map of Area 0

Area l: Arealisthe areawhere addresses A26-A24 are 001 and its address range is H'1000000—
H'1FFFFFF and H'9000000-H'9FFFFFF. Figure 8.6 isa memory map of area 1.

Area 1 can be set for use as DRAM space or external memory space with the DRAM enabl e bit
(DRAME) of the bus control register (BCR). When the DRAME bit is 0, it is external memory
space; when DRAME is 1, it is DRAM space.

In external memory space, the bus width is 8 bits when the A27 bit is0 and 16 bitswhen itis 1.
Bits A23 and A22 are not output and the shadow isin 4-Mbyte units. When external memory is
accessed, the CS1 signal isvalid.

DRAM spaceis atype of externa memory space, but it is configured especially to be connected to
DRAM so it outputs strobe signals required for this purpose. Its buswidth is 8 bitswhen it is 0 and
16 bitswhen it is 1. When the multiplex enable bit (MXE) of the DRAM control register (DCR) is
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set to 1 to use the address multiplex function, bits A23—-A0 are multiplexed and output from pins
A15-A0, so amaximum 16-Mbyte space can be used. When DRAM space is accessed, the CS1
signal is not valid and the pin function controller should be set for accesswith CAS (CASH and
CASL) and RAS signals.

Logical address space Logical address space

H'9000000( H'9000000(
Actual space
H'1000000 : H'1000000 '
H'93FFFFF Shadow
H'9400000[
H'13FFFFF
H'1400000 N
. Actual space
H'O7FFFFF|_ Shadow |- 7} External
H'9800000| ... - 2| memory DRAM
H'17FEFFF L space space
, . ‘ had
H'1800000 | (4 Mbytes) Shadow (maximum
' 16 Mbytes)
. Shadow | i 7+ Valid
H'OBFFFFF i
H'9C00000[ .. /] address
H'1BFFFFF [ A2LAO
; o | (A23 and
H'1C00000 ! A22not
. output)
/ +CS1
H'OFFFFFFL_ Shadow |, vald  HOFFFFFFL
H'1FFFEFF ’ H1FFFFFF.
A27=1. A27=0: A27 = 1: A27 =0 * Multiplexed
16-bit space  8-hit space 16-bit space  8-bit space (MXE =1):
16-bit space
* Not multi-
plexed
(MXE = 0):
4 Mbyte
space
¢ CS1 not
valid (CAS,
RAS output)
DRAME =0 or DRAME =1, MXE =0 DRAME =1

Figure8.6 Memory Map of Areal

Areas 2—4: Areas 24 are the areas where addresses A26-A24 are 010, 011 and 100, respectively,
and their address ranges are H'2000000-H'2FFFFFF and H'A000000—H'AFFFFFF (area 2),
H'3000000—H'3FFFFFF and H'BO00000—H'BFFFFFF (area 3), and H'4000000—H'4FFFFFF and
H'C000000—H'CFFFFFF (area 4). Figure 8.7 isamemory map of area 2, which is representative
of areas 24.
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Areas 24 are always used as external memory space. The buswidth is 8 bits when the A27 bit is
0 and 16 bitswhen it is 1. A23 and A22 bits are not output and the shadow isin 4-Mbyte units.
When areas 2—4 are accessed, the CS2, CS3, and CS4 signals are valid. Area 2 has along wait
function, so between 1 and 4 states can be selected for the number of long waits inserted into the
bus cycle using the bits AO2L W1 and A02LWO0 of WCR3.

Logical address space

H'A000000 [~
H'2000000
H'A3FFFFF | Shadow
H'A400000 | .
H'23FFFFF |
H'2400000 ,
“..% Actual space
H'A7FFFFF Shadow
H'A800000 | . External
%/ | memory space
H27FFFFF A (4 Mbytes)
H'2800000 N
H'ABFFFFF Shadow [/ +Valid addresses A21-A0
H'AC00000 | .. /. (A23and A22 not output)
e [/ «cs2valid
H2BFFFFF !+ Long wait function
H'2C00000
Shadow
H'AFFFFFF |_ ;
H'2FFFFFF.
16-bit space 8-bit space

Figure8.7 Memory Map of Area 2
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Areab: Area5isthe areawhere addresses A26-A24 are 101 and its address range is H'5000000—
H'SFFFFFF and H'D0O00000—H'DFFFFFF. Figure 8.8 is amemory map of area 5.

Area5 is allocated to on-chip peripheral module space when the A27 address bit is 0 and external
memory space when A27 is 1. In on-chip peripheral module space, bits A23-A9 are ignored and
the shadows are in 512-byte units. The bus width is 8 bits when the A8 bit is 0 and 16 bits when
A8is 1. When on-chip peripheral module space is accessed, the CS5 signal is not valid. In
external memory space, the A23 and A22 bits are not output and the shadow isin 4-Mbyte units.
The bus width is always 16 bits. When external memory space is accessed, the CS5 signal isvalid.

Logical address Logical address
space space
H'5000000 3 H'D0O00000
H'50001FF | Shadow |:
Shadow |-
Shadow
Shadow
H'D3FFFFF
H'D400000 . Actual
w space
Y Actual
i\ space Shadow /| External
S| memory
H'D7FFFFF 1| space
::0on chip H'D800000 , | (4 Mbytes)
:; peripheral )
7 module space Shadow |/ ./ Valid
" (512 bytes) /7! addresses
A8 =0: H'DBFFFFF ;1 A21-A0
8-bit space H'DC00000 + A23 and A22
;i A8=1:16-bit space* ] not outpgt)
Shadow . |gn0red Shadow : « CS5 valid
Shadow |: addresses: ;
H'5FFFEQQ . A23-A9 '
H'5FFFFFFL_Shadow | (Valid addresses H'DFFFFFF
8 or 16-bit A8-A0) 16-bit space
space * CS5 not valid

Note: Some registers in onchip peripheral modules can only be accessed as 8-bit registers
even though they occupy 16 bits (see Appendix A).

Figure88 Memory Map of Area5

Area 6: Area 6 isthe area where addresses A26-A24 are 110 and its address range is H'6000000—
H'6FFFFFF and H'EOOOO00-H'EFFFFFF. Figure 8.9 is a memory map of area 6.
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In area 6, the space when A27 is O is allocated to address/data multiplexed 1/0O space when the
multiplexed I/O enable bit (IOE) of the bus control register (BCR) is 1 and external memory space
when the IOE bit is0. When A27is 1, it is always external memory space.

The multiplexed 1/0 space is atype of external memory space but the address and data are
multiplexed and output from AD15-ADO0 or AD7-ADO. The bus width is 8 bits when the A14 bit
is 0 and 16 bitswhen the A14 bit is 1. The A23 and A22 bits are not output and the shadow isin 4-
Mbyte units. When multiplexed 1/0 space is accessed, the CS6 signal is valid.

In external memory space, the bus width is 8 bits when both the A27 and A14 bitsare 0 and 16
bits when the A27 bit is 0 and the A14 bit is 1. When the A27 bitis 1, it is dways a 16-hit space.
The A23 and A22 bits are not output and the shadow isin 4-Mbyte units. When external memory
is accessed, the CS6 signal is valid. The external memory space has along wait function so
between 1 and 4 states can be selected for the number of long waits inserted into the bus cycle
using the area 6 long wait insertion bits (A6LW1 and A6LWO0) of WCRS3.
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Logical address Logical address
space space
H'6000000 H'EO00000
Shadow Shadow
H'63FFFFF H'E3FFFFF
H'giooooo Actual H'EiOOOOO Actual
_ Space space
- 1 Multiplexed L
Shadow 1o Epace Shadow External
| or external 4| memory
H'67FFFFF - f memory H'E7FFFFF ’ space
H'6800000 yE space H'E800000 ] (4 Mbytes)
" (4 Mbytes)
Shadow | i |OE = 1: Shadow |: i+ valid
!/1 address/data addresses
H'6BEFEFF ;1 multiplexed 1/O H'EBEFFFEF ‘1 A21-A0 (A23
H'6C00000 ! space; H'EC00000 ! and A22 not
! 10E = 0: external output)
! memory space !« CS6 valid
Shadow 1+ Al4 = 0: 8-bit space Shadow !« Long wait
i Al4 =1:16-bit space function
H'6FFFFFF « Valid addresses H'EFFFFFF
8 or 16-bit A21-A0 (A23 and 16-bit space
space A22 not output)
* CS6 valid
« Long wait function

Figure8.9 Memory Map of Area 6

Area7: Area7 isthe areawhere addresses A26-A24 are 111 and its address range is H'7000000—
H'7FFFFFF and H'FOO0000—H'FFFFFFF. Figure 8.10 is amemory map of area 7.

Area7 is alocated to external memory space when A27 is 0 and on-chip RAM space when A27 is
1. In external memory space, the bus width is 8 bits. The A23 and A22 bits are not output and the
shadow isin 4-Mbyte units. When external memory is accessed, the CS7 signal isvalid.

The on-chip RAM space has an bus width of 32 bits. The on-chip RAM capacity is 1 kbytes, so
A23-A10 are ignored and the shadows are in 8-kbyte units. During on-chip RAM access, the CS7

signal isnot valid.
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Logical address Logical address
space space
H'7000000 -, H'FO00000
' H'FO003FF| Shadow |
Shadow |,
Shadow Shadow |\
H'73FFFFF
H'7400000 » + Actual
. space
i i Actual
Shadow il External Y\ space
2 memory
H'77FFFFF - i| space 3
H'7800000 .| (4 Mbytes) 5
% i« On-chip
;o ; ' RAM space
Shadow |!  *Valid
7/ addresses : 1 K_bytes,
1 A21-A0 i e Valid
H'7BFFFFF ;o ;i addresses
H'7C00000 | (A23and A22 A9-AO
!/ not output)
!+ CS7 valid (A23-A10
Shadow | Shadow |:© ot output)
Shadow [ * CS7not
: H'FFFFC00 o — | valid
H'7FFFFFF HFFFFFFFL_2Nadow
8-bit space 32-bit space
Figure810 Memory Map of Area7
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8.4 Accessing External Memory Space

In external memory space, strobe signal is output based on the assumption of a directly connected
SRAM. The external memory space is alocated to the following areas:

Area 0 (when MD2-MDO are 000 or 001)

Area 1l (when the DRAM enable bit (DRAME) of the BCR is Q)
Areas 24

Area 5 (space where address A27 is 1)

Area 6 (when the multiplexed 1/O enable bit (I0E) bit of the BCR is 0, or space where address
A27is1)

Area 7 (space where address A27 is 0)

84.1 Basic Timing

The bus cycle for external memory space accessis 1 or 2 states. The number of statesis controlled
with the wait states by the settings of wait state control registers 1-3 (WCR1-WCR3). For details,
see section 8.4.2., Wait State Control. Figures 8.11 and 8.12 illustrate the basic timing of external
memory space access.

T1

« /N /
A21-A0 >< : ><

CSn

RD
(Read)

AD15-ADO
(Read) ‘ ‘ \

Figure8.11 Basic Timing of External Memory Space Access (1-stateread timing)
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Tl ‘ T2
« /SN /SN S
A21-A0 ‘ >< ‘ ‘ ‘ ‘ ><

A
\ 4
A
\j

CSn :
‘When
RDDTY =0
- V4
When ool
Read '‘RDDTY =1
— ‘

AD15-ADO ‘ )

V\RH, IRL

AD15-AD0 — ><

Write

Figure8.12 Basic Timing of External Memory Space Access (2-state read timing)

High-level duties of 35% and 50% can be selected for the RD signal using the RD duty bit
(RDDTY) of the BCR. When RDDTY isset to 1, the high-level duty is 35% of the T1 state,
enabling longer access times for external devices. Only set to 1 when the operating frequency isa
minimum of 10 MHz.

84.2 Wait State Control

The number of external memory space access states and the insertion of wait states can be
controlled using the WCR1-WCR3 hits. The bus cycles that can be controlled are the CPU read
cycle and the DMAC dual mode read cycle. The bus cycle that can be controlled using the WCR2
isthe DMAC single-mode read/write cycle.

Table 8.8 shows the number of states and number of wait states in the access cycles to external
memory spaces.
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Table8.8 Number of Statesand Number of Wait Statesin the Access Cyclesto External
Memory Spaces

CPU read cycle, DMAC dual mode read cycle,

’ . CPU Write Cycle and
DMAC single mode read/write cycle

DMAC Dual Mode Write
Corresponding Bits in Corresponding Bits in ~ Cycle (Cannot be

Area WCR1 and WCR2 =0 WCR1 and WCR2 =1 controlled by WCR1)*2

1,357 1 cycle fixed; WAIT signal 2 cycles fixed + wait state from WAIT signal
ignored

0, 2, 6 (long 1 cycle + long wait state, 1 cycle + long wait state*! + wait state from WAIT

wait available) ~ WAIT signal ignored signal

Notes: 1. The number of long wait states is set by WCR3.
2. When DRAME = 1, short pitch/long pitch is selected with the WW1 bit of the WCRL1.

3. Pin wait cannot be used for the CS7 and WAIT pins of area 3 because they are
multiplexed.

For the CPU read cycle, DMAC dual mode read cycle and DMAC single mode read/write cycle,
the access cycle is completed in 1 state when the corresponding bits of WCR1 and WCR2 for
areas 1, 3-5, and 7 are cleared to 0 and the WAIT pin input signal is not sampled. When the bits
are set to 1, the WAIT signa is sampled and the number of statesis 2 plus the number of wait
statesin the WAIT signal. The WAIT signal is sampled at the rise of the system clock (CK)
directly preceding the second state of the bus cycle and the wait states are inserted as long as the
level islow. When ahigh level is detected, it shiftsto the second state (final state). Figure 8.13
shows the wait state timing when accessing the external memory spaces of areas 1, 3,4, 5, and 7.
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T1 - Tw (wait state) T2
)

‘ ‘ : » : ‘ ‘
A21-A0 : >< : : : ><
‘ N ‘

«

b))
«

))
[(4

Read

AD15-ADO ‘ %

:

VRH, WRL ‘ : : "
: [¢¢

AD15-AD0 ——— ‘ ‘ ‘ Y

VWAI T

Write

Q)

o
o

Figure8.13 Wait State Timing for External M emory Space Access (2 states plus wait states
from WAIT signal)

Areas 0, 2 and 6 have long wait functions. When the corresponding bitsin WCR1 and WCR2 are
cleared to O, the access cycle is 1 state plus the number of long wait states (set in WCRS,
selectable between 1 and 4) and the WAIT pin input signal is not sampled. When the bits are set to
1, the WAIT signal is sampled and the number of statesis 1 plus the number of long wait states
plus the number of wait statesin the WAIT signal. The WAIT signal is sampled at the rise of the
system clock (CK) directly preceding the last long wait state and the wait states are inserted as
long asthe level islow. When a high level is detected, it shiftsto the final long wait state. Figure
8.14 shows the wait state timing when accessing the external memory spaces of areas 0, 2, and 6.
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Wait state Wait

Wait states fromWAI T states set
set in WCR3 __signal input. in WCR3
T Towr o Towe Tw 0 Tiws

A21-A0 >< ‘ - | ‘ ‘ ><:

RD

Read

AD15-AD0O : : : : \ L)

V\RH, V\RL

Write

AD15-AD0O — (- ‘ : ‘ ‘ ‘ I R\

O

WAIT L N\ A
N

Figure8.14 Wait State Timing for External Memory Space Access (1 state pluslong wait
state (when set toinsert 3 states) plus wait states from WAIT signal)

For CPU write cycles and DMAC dua mode write cyclesto external memory space, the number
of states and wait state insertion cannot be controlled by WCR1. In areas 1, 3, 4, 5, and 7, the
WAIT signal is sampled and the number of statesis 2 plus the number of wait states in the WAIT
signal (figure 8.13). In areas 0, 2 and 6, the number of statesis 1 state plus the number of long
wait states plus the number of wait statesin the WAIT signa (figure 8.14). Never write 0 in bits
7—2 and 0 of WCRZ; only write 1. When area 1 is being used as external memory space, never
write O to bit 1 (WW1); always write 1.
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8.4.3 Byte Access Control

The upper byte and lower byte control signals when 16-bit bus width space is being accessed can
be selected from (WRH, WRL, AO) or (WR, HBS, LBS). When the byte access select bit (BAS)
of the BCR is set to 1, the WRH, WRL, and A0 pins output WR, LBS and HBS signals. Figure
8.15 illustrates the control signal output timing in the byte write cycle.

Upper byte access Lower byte access
T1 : T2 : T1 : T2

A0 \ | ‘ | ‘ | ‘ | \ |
BAS = 0< WRH

LWRL | | | | | | / |

A\
A

BAS=1< g5 7 ‘ | ‘ | | | | ‘ ‘
L WR \ / A\ / :

Figure8.15 Byte Access Control Timing For External Memory Space Access (Write Cycle)

The WRH, WRL system and the HBS, LBS system are available as byte access signals for the 16-
bit space in the address/data multiplexing space and the external memory space.

These strobe signals are assigned to pinsin the manner: AO/HBS, WRH/LBS, WRL/WR, and the
BAS bit of the bus control register (BCR) is used to switch specify signal sending.

Note that the byte access signals are strobe signals dedicated to byte access to a 16-bit space and
not to be used for byte access to an 8-bit space. When making an access to an 8-bit space, use the
AO/HBS pin as A0 irrespective of the BAS bit value (0 or 1) to use the WRL/WR pin asthe WR
pin, and avoid using the WRH/LBS pin.
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8.5 DRAM Interface Operation

When the DRAM enable bit (DRAME) of the BCR is set to 1, area 1 becomes DRAM space and
the DRAM interface function is available, which permits direct connection of thisLSI to DRAMSs.

851 DRAM Address Multiplexing

When the multiplex enable bit (MXE) of the DRAM area control register (DCR) isset to 1, row
addresses and column addresses are multiplexed. This allows DRAMs that require multiplexing of
row and column addresses to be connected directly to the SH microprocessors without additional
multiplexing circuits. When addresses are multiplexed (MXE = 1), setting of the DCR’s multiplex
shift bits (MXC1, MXCO) allows selection of eight, nine and ten-bit row address shifting. Table
8.9 illustrates the relationship between MXC1/MXCO bits and address multiplexing.
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Table8.9 Relationship between Multiplex Shift Count Bits (M XC1, MXCO0) and Address

Multiplexing

Shift Amount 8 bits Shift Amount 9 bits Shift Amount 10 bits

Output Output Output Output Output Output

Row Column Row Column Row Column

Qutput Pin Address Address Address Address Address Address
A21 A21 A21 A21
A20 A20 A20 A20
A19 Undefined A19 A19 A19
A18 Value A18 Undefined Al8 A18
Al7 Al7 Value Al7 Undefined Al7
Al16 Al16 Al6 Value Al6
A15 A23 A15 A15 A15
Al4 A22 Al4 A23 Al4 Al4
A13 A21 A13 A22 A13 A23 A13
Al12 A20 Al12 A21 Al12 A22 Al12
A1l A19 A1l A20 A1l A21 A1l
A10 A18 A10 A19 A10 A20 A10
A9 Al17 A9 A18 A9 A19 A9
A8 A16 A8 Al17 A8 A18 A8
A7 A15 A7 Al16 A7 Al17 A7
A6 Al4 A6 A15 A6 A16 A6
A5 A13 A5 Al4 A5 A15 A5
Ad Al12 A4 A13 A4 Al4 A4
A3 All A3 Al12 A3 A13 A3
A2 A10 A2 All A2 A12 A2
Al A9 Al A10 Al All Al
A0 A8 A0 A9 A0 A10 A0

Notes: The MXC1=1, MX0=1 setting is reserved. Do not use it.

For example, when MXC1 and MXCO are set to 00 and an 8-bit shift is selected, the A23-A8
address bit values are output to pins A15-A0 as row addresses. The valuesfor A21-A16 are
undefined. The values of bits address A21-AQ are output to pins A21-A0 as column addresses.
Figure 8.16 depicts address multiplexing with an 8-bit shift.
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RAS = Low level

Internal address |A23 A8 | A7 A0|
Address pin |A21 Al16| Al5 A0|
>
Undefined output
CAS = Low level
Internal address |A23 A22| A21 A0
Address pin A21 A0

Figure8.16 Address Multiplexing States (8-bit shift)

852 Basic Timing

There are two types of DRAM accesses. short pitch and long pitch. Short pitch or long pitch can
be selected for the respective bus cycles using the RW1 and WW1 bits of WCR1 and the DRW1
and DWW!1 bits of WCR2. When the corresponding bits are cleared to 0, DRAM accessiis short
pitch and column address output occursin 1 state. When these bits are 1, DRAM accessislong
pitch and column address output occurs in 2 states. Figure 8.17 shows short pitch timing; figure
8.18 shows long pitch timing.

The high-level duty of the CAS signal can also be selected between 50% and 35% of the T¢ state
when access is short pitch. By setting the CDTY bit to 1, high level duty becomes 35% and
DRAM access time can be lengthened. Only set to 1 when the operating frequency isaminimum
of 10 MHz.

136 RENESAS




: TD : Tr : Tc .
cK W
A21-A0 CX XRowaddréss ><COIumn address><
RAS
CDTY
as _ /N
‘ ‘ ‘ : VA
CDTY
V\RH, \RL
Read
AD15-ADO0O
V\RH, \RL
Write
AD15-ADO

Figure8.17 Short Pitch Access Timing
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T, T Tl . T2

A21-A0 CX ‘ Row address Column address :

RAS

CAS

VIRH, V\RL
Read : : : : :
AD15-ADO ) —

WRH, VWRL
Write

AD15-ADO ) : —{

Figure8.18 Long Pitch Access Timing

8.5.3 Wait State Control

Prechar ge State Control: When the microprocessor clock frequency is raised and the cycle
period shortened, 1 cycle may not always be sufficient for the precharge time for the RAS signal
when the DRAM is accessed. The BSC alows the precharge cycle to be set to 1 state or 2 states
using the RAS signal precharge cycles bit (TPC) of the DCR. When the TPC bit is 0, the
precharge cycleis 1 state; when TPC is 1, the precharge cycle is 2 states. Figure 8.19 showsthe
timing when the precharge cycle is 2 states.
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CAS

Figure8.19 Precharge Timing (Long Pitch)

Control of Insertion of Wait States Using the WAIT Pin Input Signal: The number of wait
states inserted into the DRAM access cycle can be controlled by setting WCR1 and WCR2. When
the corresponding bitsin WCR1 and WCR2 are cleared to 0, the column address output cycle ends
in 1 state and no wait states are inserted. When the bit is 1, the WAIT pin input signal is sampled
on the rise of the system clock (CK) directly preceding the second state of the column address
output cycle and the wait state isinserted aslong as the level islow. When ahigh level is detected,
it shifts to the second state. Figure 8.20 shows the wait state timing in along pitch bus cycle.

Tp ‘ T, ‘ Tl Tow (Wait state) T2

A21-A0 X ‘ ><Row address : Column address
RAS
CAS
—_— N
WAIT
A

Figure8.20 Wait State Timing during DRAM Access (L ong Pitch)

RENESAS 139




When the RW1 hit is set to 1, the number of wait states selected by CBR refresh wait state
insertion bits 1 and 0 (RLW1, RLWO) of the refresh control register (RCR) are inserted into the
CAS-before-RAS refresh cycle.

854 Byte Access Control

16-bit width and 18-bit width DRAMs require different types of byte control signalsfor access. By
setting the dual CAS signals/dual WE signals select bit (CW2) in the DCR, the BSC alows
selection of either the dual CAS signals or the dual WE signals system of control signals. When
16-bit space is being accessed and the CW2 bit is cleared to O for dual CAS signals, CASH,
CASL, and WRL signals are output; when CW2 is set to 1 for dual WE signals, the CASL, WRH,
and WRL signals are output. When accessing 8-bit space, WRL and CASL are output regardless
of the CW2 setting.

Figure 8.21 shows the control timing of the upper byte write cycle (short pitch) in 16-bit space.
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Tp T, ‘ T ‘
cK m
A21-A0 Row address X Column address
RAS
Byte CASH
control

CASL High level

VIRH . High level fixed :

VRL

(a) Dual CAS signals (CW2 =0)
Tp ‘ T, ‘ Te
cK m
A21-A0 Row address X Column address
RAS
CASH :High level fixed :
CASL /
Byte V\RH
control
VRL High level
(a) Dual WE signals (CW2 = 1)

Figure8.21 Byte Access Control Timing for DRAM Access (Upper Byte Write Cycle, Short
Pitch)
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8.5.5 DRAM Burst Mode

In addition to the norma mode of DRAM access, in which row addresses are output at every
access and data then accessed (full access), the DRAM also has a high-speed page mode for use
when continuously accessing the same row. The high speed page mode enables fast access of data
simply by changing the column address after the row address is output (burst mode). Select
between full access and burst operation by setting the burst enable bit (BE)) in the DCR. When the
BE bit is set to 1, burst operation is performed when the row address matches the previous DRAM
access row address. Figure 8.22 shows the comparison of full access and burst operation.

RAS ?& / f /
CAS Lol
Column address 1 /a dgr:rsr']snz
A21-A0 X
AD1S Row address 1 Row address 2
ADO Data 1 Data 2 y—
(a) Full access (read cycle)
RAS ?&
CAS
Column { Column\ Column { Column
address 1 address 2 address 3 address 4
A21-A0 X
1
Row address 1
AD15-

ADO Data 1 >—< Data 2 >—< Data 3 >—< Data 4 »—

(b) Burst operation (read cycle)

Figure8.22 Full Accessand Burst Operation

Short pitch high-speed page mode or long pitch high-speed page mode burst transfers can be
selected independently for DRAM read/write cycles even when the burst operation is selected by
using the bits corresponding to area 1 in WCR1 and WCR2 (RW1, WW1, DRW1, DWW1). The
RAS down mode or RAS up mode can be selected by setting the RAS down bit (RASD) of the
DCR when there is an access outside the DRAM space during burst operation.
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Short Pitch High-Speed Page M ode and L ong Pitch High-Speed Page M ode: When burst
operation is selected by setting the DCR’s BE hit to 1, the short pitch high-speed page mode or
long pitch high-speed page mode can be selected by setting the RW1, Ww1, DRW1, and DWW1
bits of the WCR1 and WCR2.

Short-pitch, high-speed page mode: When the Rw1, WW1, DRW1 and DWW1 bitsin the
WCR1 and WCR2 are cleared to 0, and the corresponding DRAM access cycle is continuing,
the CAS signal and column address output cycles continue as long as the row addresses
continue to match. The column address output cycle is performed in 1 state and the WAIT
signal is not sampled. Figure 8.23 shows the read cycle timing for the short pitch high-speed
page mode.

Tp T Tc Tc Tc Tc
© Column @ Column i Column : Column

‘ : ‘ : ‘addresil ‘ addres§ 2‘ add‘res§3‘ addres§4 ‘

A21-
e XXX X X X

‘ Row address 1 ‘ ‘ ‘ ‘ ‘ ‘ ‘
RAS
CAS
WR

ADlig ‘ : : : — Data 1 )< Data2 )< Data3 )< Data4 y—

Figure8.23 Short Pitch High-Speed Page M ode (Read Cycle)

When the write cycle continues for the same row address in the short pitch high-speed page
mode, an open cycle (silent cycle) is produced for 1 cycle only. Thistiming is shown in figure
8.24. Likewise, when awrite cycle continues after the read cycle for the same row address, a
silent cycle is produced for 1 cycle. Thistiming is shown in figure 8.25. Note also that when
DRAM iswritten to in short-pitch, high-speed page mode when using DMAC single address
mode, asilent cycleisinserted in each transfer. The details of timing are discussed in section
20.3.3, Bus Timing.
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Access A ‘ Access B
Silent

Tp . Tr . T¢ . Tc = cycle . Tg = Tg
K /NN NS NSNS NN
: L . iColumn = Column . ‘Column : Column
‘ ‘ : . address A-laddress A-2 | address B-1 address B-2
A21— ‘ X X ‘ I A
o X X XX XX
‘ ‘ Row address ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
RAS
CAS /
WR
AD15- —— L —— .
A0 Data A-1XData A-2 —Data B-1XData B-2

Note: Access A and B are examples of 32-bit data accesses in their respective 16-bit bus width
spaces.

Figure8.24 Short Pitch High-Speed Page Mode (Write Cycle)
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Access A (read) ‘ Access B (write)

Silent
Tp ‘ T, ‘ Te ‘ Te cycle . Te ‘ Te
KN N N N N
‘ ‘ Column ‘Column . Column  Column
: : ‘address A-1 address A-2 - address B-1 address B-2
AD1— ‘ X L X LI
X X X X X XX
A0 r
‘ Row address:
RAS /
CAS
WR / ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ L ‘ ‘
AD15- — P L L — : ‘ :
ADO X < X

: S CoA : : Cox S
Read data A-1 Read data A-2 Write data B-1 Write data B-2

Note: Access A and B are examples of 32-bit data accesses in their respective 16-bit bus width
spaces.

Figure8.25 Short Pitch High-Speed Page M ode (When read and write cycle continues with
the same row address)

The high-level duty of the CAS signal can be selected in the short pitch high-speed page mode
using the CAS duty bit (CDTY) in the DCR. When the CDTY bit is cleared to 0, high-level
duty is 50% of the TC state; when CDTY isset to 1, it is 35% of the T state.

« Long-pitch, high-speed page mode: When the RW1, WwW1, DRW1, and DWW1 bitsin WCR1
and WCR2 are set to 1, and the corresponding DRAM access cycle is continuing, the CAS
signal and column address output cycles (2 states) continue as long as the row addresses
continue to match. When the WAIT signal is detected at the low level, the second cycle of the
column address output cycle is repeated as the wait state. Figure 8.26 shows the timing for the
long pitch high-speed page mode. See section 20.3.3, Bus Timing, for more information about
the timing.
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CK

A21-ADO X XCqumn address 1 XColumn address 2><

7 ‘
Row address 1

VIR
Read : : : : : : : : : : : : : :
AD15-AD0 Data 1 Data 2)—
VR
Write
AD15-ADO > Data 1 Data 2

Figure8.26 Long Pitch High-Speed Page M ode (Read/Write Cycle)

RAS Down Mode and RAS Up Mode: Sometimes access to another area can occur between

accesses to the DRAM even though burst operation has been selected. Keeping the RAS signal at
low while this other access is occurring allows burst operation to continue the next time the same
row of the DRAM is accessed. The RASD bit in the DCR selects the RAS down mode when set to

1 and the RAS up mode when cleared to 0. In both RAS down mode and RAS up mode, burst

operation is continued while the same row address continues to be accessed, even if the bus master

is changed.

RAS Down Mode: When the RASD bit of DCR is set to 1, the DRAM access pauses and the

RAS signal is held low throughout the access of the other space while waiting for the next

access to the DRAM area. When the row address for the next DRAM access is the same as the
previous DRAM access, burst operation continues. Figure 8.27 shows the timing of the RAS

down mode when external memory space is accessed during burst operation.

The RAS signa can be held down in the DRAM for alimited time; the RAS signal must be
returned to high within the specified limits even when the RAS down mode is selected since

the critical low level period is set. Inthis LSI, even when the RAS down mode is selected, the
RAS signal automatically reverts to high when the DRAM isrefreshed, so the BSC' srefresh

control function can be employed to set a CAS-before-RAS refresh that will keep operation
within specifications. See section 8.5.6, Refresh Control, for details.
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CK

A21-
AO

RAS

CAS

AD15-
ADO

External memory

space access

DRAM access DRAM access

Te T1 Te

- External : Column : Column :
: m(imory ‘address~3 ‘address~4‘

Column Column
addressil address~2

O X XXX

4
Row address

Data 1 )< Data 2 < < Data 3 )< Data 4 )—
External
memory data

Figure8.27 RASDown Mode

RAS Up Mode: When the RASD bhit is cleared to 0, the RAS signal reverts to high whenever a
DRAM access pauses for access to another space. Burst operation continues only while
DRAM access is continuous. Figure 8.28 shows the timing when an external memory space

access occurs during burst operation in the RAS up mode.
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External memory

space access

DRAM access DRAM access

Tp } T, } Te } Te T1 Tp } T, } Te
Column  Column External memory : - Column
address 1 address 2 address address 3
Al-—
o XXX XXX
Row address Row address
RAS ‘ - ‘
CAS : ‘ :
AD15- ‘ ‘ : ‘ : ‘ ‘
ADO Data 1 ){Data 2 X : Data 3 —
‘ ‘ External
memory data

Figure8.28 RASUp Mode

8.5.6 Refresh Control

The BSC has a function for controlling DRAM refreshing. By setting the refresh mode bit
(RMODE) in the refresh control register (RCR), either CAS-before-RAS refresh (CBR) or self-
refresh can be selected. When no refresh is performed, the refresh timer counter (RTCNT) can be
used as an 8-bit interval timer.

CAS-Before-RAS Refresh (CBR): A refresh is performed at an interval determined by the input
clock selected in the clock select hits 2-0 (CK S2—CK S0) of the refresh timer control/status
register (RTCSR) and the value set in the refresh time constant register (RTCOR). Set the values
of RTCOR and CKS2—-CK S0 so they satisfy the refresh interval specifications of the DRAM being
used.

To perform a CBR refresh, clear the RMODE bit of the RCR to 0 and then set the refresh control
bit (RFSHE) bit to 1. Also writein the required valuesto RTCNT and RTCOR. When the clock is
thereafter selected in the CKS2—-CK SO hits of the RTCSR, the RTCNT will begin to increment
from its current value. The RTCNT value is constantly compared to the RTCOR value and the
CBR refresh is performed when they match. The RTCNT is simultaneously cleared to H'00 and
incrementing begins again.

When the clock is selected in the CKS2—CK SO hits, the RTCNT immediately begins to increment
from its current value. This means that when the RTCOR cycle is set after the CKS2—CK S0 bits
are set, the RTCNT count may already be higher than the RTCOR cycle. When this occurs, the
RTCNT will overflow once (H'FF goes to H'00) and incrementing will start again. Since the CBR
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refresh will not be performed until the RTCNT again matches the RTCOR value, theinitial refresh
interval will be rather long. It is thus advisable to set the RTCOR cycle prior to setting the CKS2—
CKS0 bits and start it incrementing. When CBR refresh control is being performed after its use as
an 8-hit interval timer, the RTCNT count value may be in excess of the refresh cycle. For this
reason, clear the RTCNT by writing H'00 before starting refresh control to assure a correct refresh
interval.

When the RW1 bit of WCRL1 is set to 1 and the read cycleis set to long pitch, the number of wait
states selected by the RLW1 and RLWO bits of the RCR will be inserted into the CBR refresh
cycle, regardless of the status of the WAIT signal. Figure 8.29 shows the RTCNT operation and
figure 8.30 shows the timing of the CBR refresh. For details on timing, see section 20.3.3, Bus
Timing.

RTCNT Compare Compare Compare Compare
value match match match match
with RTCOR  with RTCOR  with RTCOR  with RTCOR

RTCOR ..............................................................................................................
value
H'00 * * * * » Time
Clock CBR CBR CBR CBR
selected with
CKS2-CKSO0 CBR: CAS-before-RAS refresh
Figure8.29 Refresh Timer Counter (RTCNT) Operation
| Trp } Trr } Tre }
CK ‘
RAS
CAS

Figure8.30 Output Timing for CAS-Before-RAS Refresh Signal

Self-Refresh Mode: Some DRAMSs have a self-refresh mode (parity back-up mode). Thisisa
type of a standby mode in which the refresh timing and refresh addresses are generated inside the
DRAM chip. When the RFSHE and RMODE hits of the RCR are both set to 1, the DRAM wiill
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enter the self-refresh mode when the CAS and RAS signals are output as shown in figure 8.31. See
section 20.3.3, Bus Timing, for details. The DRAM self-refresh mode is cleared when the
RMODE bit in the RCR is cleared to O (figure 8.31). The RFSHE bit should be left at 1 when this
is done. Some DRAM vendors recommend that after exiting the self-refresh mode, all row
addresses should be refreshed again. This can be done using the BCR’s CBR refresh function to

set al row addresses for refresh in software.

To accessa DRAM areain the self-refresh mode, clear the RMODE bit to 0 and exit the self-
refresh mode.

The LSl can be kept in the self-refresh state and shifted to standby mode by setting it to self-
refresh mode, setting the standby bit (SBY) of the standby control register (SBY CR) to 1, and then
executing a SLEEP instruction.

| TRD | Trr | } TRre | TRee |
CK_/ /N
RAS N
. ! ! ! T T [€4
CAS ‘ ‘ ‘ ‘ ‘ L)
«

Figure8.31 Output Timing of Self-Refresh Signal

Refresh Requests and Bus Cycle Requests: When a CAS-before-RAS refresh or self-refresh is
reguested during bus cycle execution, parallel execution is sometimes possible. Table 8.10
describes operation when the refresh and bus cycle are in contention.
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Table8.10 Refresh and Bus Cycle Contention

Type of Bus Cycle

External Space Access

External Memory Space, On-Chip ROM, On-Chip
Type of Multiplexed 1/O Space DRAM Space RAM , On-Chip
Refresh Read Cycle Write Cycle Read Cycle Write Cycle Peripheral Access
CAS-before-  Yes No No No Yes
RAS refresh
Self-refresh Yes Yes No No Yes

Yes: Can be executed in parallel
No: Cannot be executed in parallel

When parallel execution isavailable, the RAS and CAS signals are output simultaneously during
bus cycle execution and the refresh is executed. When parallel execution is not available, refresh
occurs after the bus cycle has ended.

Using RTCNT asan 8-Bit Interval Timer: When not performing refresh control, RTCNT can be
used as an 8-hit interval timer. Simply set the RFSHE bit of the RCR to 0. To produce a compare
match interrupt (CM1), set the compare match interrupt enable bit (CMIE) to 1 and set the
interrupt generation timing in RTCOR. When the input clock is selected with the CKS2-CK SO
bits of the RTCSR, RTCNT starts incrementing as an 8-bit interval timer. Its valueis constantly
being compared to RTCOR and when a match occurs, the CMF bit of RTCSRissetto 1 and a
CMI interrupt is produced. RTCNT is cleared to H'00.

When the clock is selected with CKS2—CK SO bits, RTCNT startsincrementing immediately. This
means that when the RTCOR cycle is set after the CKS2—CK S0 hits are set, the RTCNT count
may already be higher than the RTCOR cycle. When this occurs, the RTCNT will overflow once
(H'FF goes to H'00) and the count up will start again. No interrupt will be generated until the
RTCNT again matches the RTCOR value. It is thus advisable to set the RTCOR cycle prior to
setting the CKS2—CK SO bits. After its use as an 8-bit interval timer, the RTCNT count value may
be in excess of the set cycle. For this reason, write H'00 to the RTCNT to clear it before starting to
useit again with new settings. RTCNT can then be restarted and an interrupt obtained after the
correct interval.

8.6 Address/Data Multiplexed 1/0 Space Access

The BSC is equipped with afunction that multiplexes input/output of address and data to pins
AD15-ADO0 in area 6. This allows the SH microprocessor to be directly connected to peripheral
L SIsthat required address/data multiplexing.
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8.6.1 Basic Timing

When the multiplexed 1/0 enable bit (IOE) of the BCR is set to 1, the area 6 space with address bit
A27 as 0 (H'6000000—H'6FFFFFF) becomes an address/data multiplexed 1/O space that, when
accessed, multiplexes addresses and data. When the A14 address bit is 0, the bus width is 8 bits
and address output and data input/output are performed from the AD7-ADO pins. When the A14
address bit is 1, the bus width is 16 bits and address output and data input/output are performed
from the AD15-ADO pins. In the address/data multiplexed 1/0O space, access is controlled with the
AH, RD and WR signals. Accesses in the address/data multiplexed 1/0 space is performed in 4
states, regardless of the WCR settings. Figure 8.32 shows the timing when the address/data
multiplexed /O space is accessed.

. T1 | T2 | T3 | T4 .
| | | I |
K TN N N
A21-p0 X | | | | | | X
CS
AH
[ RD
Read
L AD15-ADO : ‘ Address ; Data (input)
VIRH, V\RL
Write
[ AD15-AD0 — : Address : Data (output)

Figure8.32 Access Timing For Address/Data M ultiplexed 1/0 Space

The high-level duty of the RD signal can be selected between 35% and 50% using the RD duty bit
(RDDTY) of the BCR. When RDDTY is 1, the high-level duty is 35% of the T3 or Tw state,
lengthening the access time for external devices.
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8.6.2 Wait State Control

When the address/data multiplexed 1/0 space is accessed, the WAIT pin input signal is sampled
and await state inserted whenever alow level is detected, regardless of the setting of the WCR.
Figure 8.33 shows an example in which a WAIT signal causes await state of 1 state to be inserted.

Tw
T1 T2 T3 ‘ (wait state) | T4

Read

AD15-ADO : © Address Data (input)

WRH, WRL
Write

AD15-AD0 — ‘ - Address ; : Data (output)

WAIT

Figure8.33 Wait State Timing For Address/Data Multiplexed I/O Space Access

8.6.3 Byte Access Control

The byte access control signals when the address/data multiplexed I/O space is being accessed are
of two types (WRH, WRL, A0, or WR, HBS, LBS), just as for byte access control of external
memory space access. These types can be selected using the BAS bit of the BCR. See section
8.4.3, Byte Access Control, for details.
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8.7 Parity Check and Generation

The BSC can check and generate parity for data input and output to or from in the DRAM space of
area 1 and the external memory space of area 2.

To check and generate parity, select the space (DRAM space only, or DRAM space and area 2) for
which parity is to be checked and generated using the parity check enable bits (PCHK 1 and
PCHKO) of the parity control register and select odd or even parity in the parity polarity bit (PEO).

When datais input from the space selected in the PCHK 1 and PCHKO bits, the BSC checks the
PEO hit to seeif the polarity of the DPH pin input (upper byte parity data) is accurate for the
AD15-ADS8 pin input (upper byte data) or if the DPL pininput (lower byte parity data) is accurate
for the AD7-ADO pin input (lower byte data). If the check indicates that either the upper or lower
byte parity isincorrect, a parity error interrupt is produced (PEI).

When outputting data to the space selected in the PCHK 1 and PCHK 0 bits, the BSC outputs parity
data output of the polarity set in the PEO bit from the DPH pin for the AD15-AD8 pin output
(upper byte data) or from the DPL pin for the AD7—ADO pin input (lower byte data) using the
same timing as the data output.

The BSC isalso able to force a parity output for use in testing the system’ s parity error check
function. When the parity force output bit (PFRC) of the PCR is set to 1, ahigh level isforcibly
output from the DPH and DPL pins when data is output to the space selected in the PCHK 1 and
PCHKO hits.

8.8 Warp Mode

In warp mode, an external write cycle or DMA single address mode transfer cycle and an internal
access cycle (read/write to on-chip memory or on-chip peripheral modules) operate independently
in parallel. The warp modeis entered by setting the warp mode bit (WARP) inthe BCR to 1. This
allowsthe LSl to be operated at high speed.

When in the warp mode an external write cycle or DMA single address mode transfer cycle
continues for at least 2 states and their is an internal access, only the external write cycle will be
performed in theinitia state. The external write cycle and internal access cycle will be performed
in parallel from the next state on, without waiting for the end of the external write cycle. Figure
8.34 shows the timing when an access to an on-chip peripheral module and an external write cycle
are performed in parallel.
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T1 T2 | T3 ‘ T4 T5
\ /L
F X External space address X
X Write data X
External space ‘ ‘ ‘
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: X

On-chip peripheral module address‘X

Write data

Read data

Figure8.34 Warp Mode Timing (Accessto On-Chip Peripheral Module and External Write

8.9

Wait State Control

Cycle)

The WCR1-WCRS registers of the BSC can be set to control sampling of the WAIT signal when
accessing various areas and the number of bus cycle states. Table 8.11 shows the number of bus
cycle states when accessing various areas.
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Table8.11 BusCycle Stateswhen Accessing Address Spaces

Address Space

CPU Read Cycle, DMAC Dual Mode Read Cycle, DMAC Single
Mode Memory Read/Write Cycle

Corresponding Bits in WCR1
and WCR2 =0

Corresponding Bits in WCR1
and WCR2 =1

External memory (areas
1,3-5,7)

2 states + wait states from WAIT
signal

1 state fixed; WAIT signal ignored

External memory (Areas
0, 2, 6; long wait avail-
able)

1 state + long wait state*, WAIT
signal ignored

1 state + long wait state* * wait
states from WAIT signal

DRAM space (area 1)

Column address cycle: 1 state,
WAIT signal ignored (short pitch)

Column address cycle: 2 states +
wait states from WAIT signal
(long pitch)

Multiplexed 1/O space
(area 6)

4 states + wait states from WAIT signal

On-chip peripheral mod-
ule space (area 5)

3 states fixed, WAIT signal ignored

On-chip ROM (area 0)

1 state fixed, WAIT signal ignored

On-chip RAM (area 7)

1 state fixed, WAIT signal ignored

Address Space

CPU Write Cycle, DMAC Dual Mode Memory Write Cycle

WW1 of WCR1 =0 WW1 of WCR1 =1

External memory (areas
1,3-5,7)

2 states + wait states from WAIT signal

External memory (Areas
0, 2, 6; long wait
available)

1 state + long wait state* * wait states from WAIT signal

DRAM space (area 1)

Column address cycle: 1 state,
WAIT signal ignored (short pitch)

Column address cycle: 2 states +
wait states from WAIT signal
(long pitch)

Multiplexed I/O space
(area 6)

4 states + wait states from WAIT signal

On-chip peripheral
module space (area 5)

3 states fixed, WAIT signal ignored

On-chip ROM (area 0)

1 state fixed, WAIT signal ignored

On-chip RAM (area 7)

1 state fixed, WAIT signal ignored

Note: The number of long wait states (1 to 4) is set in WCR3.
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For details on bus cycles when external spaces are accessed, see section 8.4, External Memory
Space Access, section 8.5, DRAM Space Access, and section 8.6, Address/Data Multiplexed 1/0
Space Access.

Accesses of on-chip spaces are as follows: On-chip peripheral module spaces (area 5 when address
bit A27 is 1) are always 3 states, regardless of the WCR, with no WAIT signa sampling. Accesses
of on-chip ROM (area 0 when MD2-MDO are 010) and on-chip RAM (area 7 when address bit
A27is0) are dways performed in 1 state, regardless of the WCR, with no WAIT signal sampling.

If the bus timing specifications (twts and tywTH) are not observed when the WAIT signal isinput
in external space access, thiswill smply mean that WAIT signal assertion and negation will not
be detected, but will not result in misoperation. Note, however, that the inability to detect WAIT
signal assertion may result in a problem with memory access due to insertion of an insufficient
number of waits.

8.10 BusArbitration

The SuperH microcomputer can release the bus to external devices when they request the bus. It
has two internal bus masters, the CPU and the DMAC. Priorities for releasing the bus for these
two are asfollows.

Bus request from external device > refresh > DMAC > CPU

Thus, an external device has priority when it generates a bus request, even when the DMAC is
doing a burst transfer.

Note that when arefresh request is generated while the busis released to an external device,
BACK becomes high level and the bus right can be acquired to perform the refresh upon receipt of
aBREQ = high level response from the external device. Input all bus requests from externa
devicesto the BREQ pin. The signal indicating that the bus has been released is output from the
BACK pin. Figure 8.35 illustrates the bus rel ease procedure.
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( SuperH > ( External device >

BREQ = low Bus request
BREQ received
|
Strobe pin:
High-level output
| -
Address, data, strobe pin: | BACK = low BACK acknowledge
High impedance
| Y
Bus release response Bus acquisition

!

Bus released

Figure8.35 BusRelease Procedure

8.10.1 The Operation of BusArbitration

This LS has the bus arbitration function which can give bus ownership to an external device when
the device requests the bus ownership. When BREQ isinput and the bus cycle being executed by
the CPU or DMAC is completed, BACK becomeslow and abusisreleased for an external device.
At thistime, the following operates when bus arbitration conflicts with refresh.

1

If DRAM refreshisrequested in thisLSI when abusis released and BACK islow, BACK
becomes high and the occurrence of the refresh request can be informed externally. At this
time, the external device may generate a bus cycle when BREQ islow evenif BACK ishigh.
Therefore, abus remains released to the external device. Then, when BREQ becomes high, this
LSl gets bus ownership, and executes refresh and the bus cycle of the CPU or DMAC. After
the external device gets bus ownership and BACK islow, refresh is requested when BACK
becomes high even if the low level of BREQ isinput. Therefore, turn BREQ high immediately
torelease abusfor this LS| to hold DRAM data (See figure 8.36).

When BREQ changes from high to low and internal refresh is requested at the timing of the
bus release of this LSI, BACK may remain high (do not become low). A busis released to the
external device since the low level of BREQ isinput. This operation is based on the above
specification (1). To hold DRAM data, turn BREQ high and release abusto thisL Sl
immediately when the external device detects that BACK does not change to low during a
fixed timethis LS| (Seefigure 8.37). When arefresh request is generated and BACK returns
to high, as shown in figure 8.37, amomentary narrow pulse-shaped spike may be output where
BACK was originally supposed to become low.
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BREQ —\\
BACK (\>\ /

Refresh damand

— Refresh execution—>

Figure8.36 BACK Operation by Refresh Demand (1)

If BACK has not gone low after waiting for the maximum
number of states* before the SuperH releases the bus, return
BREQ to the high level.

|4 ‘|
-« >

o —| )

BACK

T \[ ------ BACK does not go low.
Refresh request

Note: * For details see section 8.11.3, Maximum Number of States from BREQ Input to Bus Release.

Figure8.37 BACK Operation in Responseto Refresh Request (2)

8.10.2 BACK Operation

1. BACK Operation

When an internal refresh is requested during an attempt to assert the BACK signal and BACK
is not asserted but remains high, a momentary narrow pulse-shaped spike may be output, as
shown below.

BREQ —\

BACK \/
T pulse width of the spike is approx. 2 to 5 ns.
Refresh demand
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2. Countermeasure against a spike on the BACK signal
The following describes the countermeasure against a spike on the BACK signal:

a. When BREQ is input to release the bus of the LSI, make sure that conflicts with a refresh
operation do not occur. Stop the refresh operation or operate the refresh timer counter
(RTCNT) or the refresh time constant register (RTCOR) of the bus controller (BSC) to
shift the refresh timing.

b. The spike on the BACK signal has a narrow pulse width of approximately 2 to 5 ns, which
can be eliminated by using a capacitor as shown in the figure below.
For example, adding a capacitance of 220 pF can raise the minimum voltage of the spike
above2.0V.
Note that delay of the BACK signal increases approximately in units of 0.1 ns/pF. (When a
capacitance of 220 pF is added, the delay increases approximately by 22 ns.

BACK TO

C

SuperH %

Microcomputer

Capacitor-incorporating circuit for eliminating a spike

c. Latching the BACK signal by using aflip-flop or triggering the flip-flop may be successful
or unsuccessful due to the narrow pulse width of the spike. Implement a circuit
configuration which will cause no problems when latching BACK or using BACK as a
trigger signal.

When splitting the BACK signal into two signals and latching each of them using the flip-
flop or triggering the flip-flop, the flip-flop may operate for one signal but may not for
another. To capture the BACK signal using the flip-flop, receive the BACK signal using a
single flip-flop then distribute the signal (see figure below).
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8.11 Usage Notes

8.11.1 Usage Noteson Manual Reset
Condition: When DRAM (long-pitch mode) is used and manual reset is performed.

The low width of RAS output may be shorter than usual in rese + (2.5tcyc - 1.5tcyc), causing the
specified value (tRAS) of DRAM not to be satisfied.

Corresponding DRAM conditions: long pitch/normal mode
long pitch/high-speed page mode

There are no problems regarding operations except for the above conditions.

There are the following four cases (Figure 8.38 to Figure 8.41) for the output states of DRAM
control signals (RAS, CAS, and WR) corresponding to RES latch timing. Actual output levels are
shown by solid lines (not by dashed lines).
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RES latch | Tp | Tr . Tel Tc2
timing | | |
CK -/ /7 \ _/ \ /o \ \
RES \___ Manual reset
AOto A21 X XROW addressX Colum addresix FFFFe o o o
RAS \ [ ] _
CAS _/ N _ ’I
WR _/ N !
ADO to AD15 S '\': _'_'_'_'_'_'_'__‘,
Data output
Figure8.38 Long - pitch Mode Write (1)
RES latch | Tp | Tr . Tel Tc2
timin | | !
CK —/ \ \ / \ £\ / \ \
RES \ Manual reset
A0 to A21 X YRow addressX FFFF « ¢« «
RAS \ / _______ _ll
CAS _/ N _ ,’
WR -/ R !
ADO to AD15 S .

Data output

Figure8.39 Long - pitch Mode Write (2)
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RES latch  Tp . Tr , Tcl Tc2
timing . | | ‘
ck /7 / M /[ \ \ \
RES \  Manual reset
AO to A21 X XRow addressx Colum addressX FFFFe o oo
RAS \ [ __] .l
CAS _/ N _ ,I
RD [ 7
Figure8.40 Long - pitch Mode Read (1)
RES latch | Tp | Tr | Tcl Tc2
timing | ! !
o« TN\ \ \
RES \ Manual reset
A0 to A21 X XRow addressX FEFF o o o«
RAS \ [ ] )
cas  _/ ER— ./
RD _/ N ’I

Figure8.41 Long - pitch Mode Read (2)

For the signal output shown by solid lines, DRAM data may not be held. Therefore, when DRAM
data must be held after reset, take one of the coutermeasures described as follows.

1

2.

When resetting manually, do this in watchdog timer (WDT) condition.

Even if the Low width of RAS becomes as short as 1.5 tcyc as shown above, use with a

frequency that satisfies the DRAM standard (tRAS).

Even in case the Low width of RAS has become 1.5 tcyc, proceed by using the external circuit
so that aRAS signal with aLow width of 2.5 tcyc isinput in the DRAM (in case the Low
width of RAS is higher than 2.5 tcyc, operate so that the current waveform isinput in the

DRAM).
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The countermeasures are not required when DRAM datais initialized or |oaded again after manual
reset.

8.11.2 Usage Noteson Parity Data Pins DPH and DPL

The following specifies the setup time tDS of the parity dada DPH and DPL to CAS signa rising
when the parity dada DPH and DPL are written to DRAM in long-pitch mode (early write).

Table8.12 Setup Time of Parity Data DPH and DPL

Item Symbol min

Data setup time to CAS tDS -5ns
(for only DPH and DPL in long-pitch mode)

Therefore, when writing parity data DPH and DPL to the DRAM in long-pitch mode, delay the
WRH and WRL signals of this LS| and write with delayed writing.

Nomal dadais also delayed-written, causing no problems.

SuperH RAS RAS DRAM
Microcomputer CAS CAS
RD OE

. 1 *1 PWEBH or DWRI |
WRH or WRL 4[>o-[>cyo 0 DWRH or DWRL | =

CK ) > 2

Q|
O

*1: For preventing signal racing
*2: Negative edge latch

Figure8.42 Delayed-Write Control Circuit

8.11.3 Maximum Number of Statesfrom BREQ Input to Bus Release

The maximum number of states from BREQ input to busreleaseiis:
Maximum number of states for which busis not released + approx. 4.5 states

Note: Breakdown of approx. 4.5 states:
1.5 states: Until BACK output after end of bus cycle
1state (min.):  tBACD1
1state (max.): tBRQS
1 state: Sampling in 1 state before end of bus cycle
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BREQ is sampled one state before the bus cycle. If BREQ isinput without satisfying tBRQS, the
busis released after executing cycle B following the end of bus cycle A, as shown in figure 8.43.

The maximum number of states from BREQ input to bus release are used when B isacycle
comprising the maximum number of states for which the busis not released; the number of states
is the maximum number of states for which busis not released + approx. 4.5 states.

The maximum number of states for which the bus is not released requires careful investigation.

=\ Y

Bus cycle A X B W
BREQ \
! s
! ' + tBACD1: |
1BRQS " 1Bus release

BACK t

Figure8.43 When BREQ is|nput without Satisfying tBRQS

1. Cyclesinwhich busisnot released
(@) Onebuscycle

The busis never released during one bus cycle. For example, in the case of alongword
read (or write) in 8-bit ordinary space, one bus cycle consists of 4 memory accesses to 8-bit
ordinary space, as shown in figure 8.44. The busis not released between these accesses.
Assuming one memory access to require 2 states, the bus is not released for aperiod of 8
states.

X8 bits X8 bits X8 bits X 8 bits X

Cycle during which
bus is not released

Figure8.44 OneBusCycle

(b) TASinstruction read cycle and write cycle

Thebusis never released during a TAS instruction read cycle and write cycle (figure 8.45).
The TAS instruction read cycle and write cycle should be regarded as one bus cycle during
which the busis not released.
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XRead cycle XWrite cycle ><

" Cycle during which bus is
not released (1 bus cycle)

Figure8.45 TASInstruction Read Cycle and Write Cycle

(c) Refresh cycle + buscycle

The busis never released during arefresh cycle and the following bus cycle ((a) or (b)
above)) (figure 8.46).

X Refresh cycle X 1 bus cycle ><

Cycle during which bus
is not released

Figure8.46 Refresh Cycleand Following Bus Cycle
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2. Busrelease procedure

The bus release procedure is shown in figure 8.47. Figure 8.47 shows the case where BREQ is
input one state before the break between bus cycles so that tBRQS is satisfied. In the SH7020
and SH7021, the busis released after the bus cycle in which BREQ isinput (if BREQ isinput
between bus cycles, after the bus cycle starting next).

cx _/ TN N
it | | ig |
| tBRQsS | 1 ! |
BREQ _\k \ ‘ 2%% tBrQs :
3 tBacD1 'teacD1L
| - ‘
BACK ! ! ﬁq }
lezo |
_RD,WR e I
RAS, CAS - !
CSn Bzp
- !
A21 to A =
Bus cycle : Bus release Bus cycle
Strobe pin: b Address & data |
high-level output strobe pins:

O

The bus is released after the bus
cycle in which BREQ is input
(if BREQ is input between bus cycles,
after the bus cycle starting next).

high impedance

o

Bus cycle restart

Figure8.47 Bus Release Procedure
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Section 9 Direct Memory Access Controller (DMAC)

9.1 Overview

The SuperH microprocomputer chip includes afour-channel direct memory access controller
(DMAC). The DMAC can be used in place of the CPU to perform high speed transfers between
external devicesthat have DACK (transfer request acknowledge signal), external memory,
memory-mapped external devices, on-chip memory and on-chip peripheral modules (excluding
the DMAC itself). Using the DMAC reduces the burden on the CPU and increases overall
operating efficiency.

9.1.1 Features

The DMAC has the following features.

* Four channels

» Four Ghytes of address space on the architecture

* Byte or word selectable data transfer unit

e 65536 transfers (maximum)

» Single address mode transfers (channels 0 and 1): Either the transfer source or transfer
destination (peripheral device) is accessed by aDACK signa (selectable) while the other is
accessed by address. 1 transfer unit of dataistransferred in each bus cycle.

Device combinations able to transfer:

O External deviceswith DACK and memory-mapped external devices (including external
memories)

0 External deviceswith DACK and memory-mapped external memories

« Dual address mode transfer: (channels 0-3): Both the transfer source and transfer destination
are accessed by address. 1 transfer unit of datais transferred in 2 bus cycles.

Device combinations able to transfer:

O Two external memories

External memory and memory-mapped external devices

Two memory-mapped devices

External memory and on-chip memory

Memory-mapped external devices and on-chip peripheral module (excluding the DMAC
itself)

External memory and on-chip memory

Memory-mapped external device and on-chip peripheral module (excluding the DMAC)
Two on-chip memories

On-chip memory and on-chip peripheral modules (excluding DMAC)

O 0OoOod

N o Ay |
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O Two on-chip peripheral modules (excluding DMAC)
e Transfer requests
0 External request (From DREQ pins (channels 0 and 1 only). DREQ can be detected either
by edge or by level)
O Reguests from on-chip peripheral modules (serial communications interface (SCI), and 16-
bit integrated-timer pulse unit (1TU))
O Auto-request (the transfer request is generated automatically within the DMAC)
» Selectable bus modes: Cycle-steal mode or burst mode
» Selectable channel priority levels: Fixed, round-robin, or external-pin round-robin modes
e CPU can be asked for interrupt when data transfer ends
e Maximum transfer rate
0 20 M words/s (320 MB/s)
For 5V and 20 MHz
Bus mode: Burst mode
Transmit size; Word

9.1.2 Block Diagram

Figure 9.1 isablock diagram of the DMAC.
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DMAOR: DMA operation register

SARN: DMA source address register

DARnN: DMA destination address register

TCRn: DMA transfer count register

CHCRnN: DMA channel control register

DEIn: DMA transfer-end interrupt request to CPU.
n: 0-3

DMAOR

DMAC module bus

Figure9.1 DMAC Block Diagram
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9.1.3 Pin Configuration

Table 9.1 shows the DMAC pins.
Table9.1 Pin Configuration
Channel Name Symbol 1/O Function
0 DMA transfer request DREQO | DMA transfer request input from
external device to channel O
DMA transfer request DACKO O DMA transfer request acknowledge
acknowledge output from channel 0 to external
device
1 DMA transfer request DREQ1 | DMA transfer request input from
external device to channel 1
DMA transfer request DACK1 O DMA transfer request acknowledge

acknowledge

output from channel 1 to external
device
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9.14

Register Configuration

Table 9.2 summarizesthe DMAC registers. DMAC has atotal of 17 registers. Each channel has
four control registers. One other control register is shared by all channels

Table9.2 DMAC Registers

Chan- Abbre- Initial Access
nel Name viation R/W Value Address Size
0 DMA source address register 0 SAR0*3  R/W Undefined HS5FFFF40 16, 32
DMA destination address DARO*3 R/W Undefined H'5FFFF44 16, 32
register O
DMA transfer count register 0 TCRO*3 R/W Undefined HS5FFFF4A 16, 32
DMA channel control register 0 CHCRO R/(W)*1 H'0000 H'5FFFF4E 8, 16, 32
1 DMA source address register 1 SAR1*3  R/W Undefined H'5FFFF50 16, 32
DMA destination address DAR1*3 R/W Undefined H'5FFFF54 16, 32
register 1
DMA transfer count register 1 TCR1*3 R/W Undefined H'5FFFF5A 16, 32
DMA channel control register 1 CHCR1 R/(W)*!1 H'0000 H'5FFFF5E 8, 16, 32
2 DMA source address register 2 SAR2*3  R/W Undefined H'SFFFF60 16, 32
DMA destination address DAR2*3 R/W Undefined H'5FFFF64 16, 32
register 2
DMA transfer count register 2 TCR2*3 R/W Undefined HS5FFFF6A 16, 32
DMA channel control register 2 CHCR2 R/(W)*1 H'0000 H'5FFFFG6E 8, 16, 32
3 DMA source address register 3 SAR3*3  R/W Undefined H'5FFFF70 16, 32
DMA destination address DAR3*3 R/W Undefined H'5FFFF74 16, 32
register 3
DMA transfer count register 3 TCR3*3 R/W Undefined H'5FFFF7A 16, 32
DMA channel control register 3 CHCR3 R/(W)*!1 H'0000 H'5FFFF7E 8, 16, 32
Shared DMA operation register DMAOR R/(W)*2 H'0000 H'5FFFF48 8, 16, 32
Notes: 1. Write O alone in bit 1 of CHCRO-CHCRS3 to clear flags.

2.
3.

Write 0 alone in bits 1 and 2 of the DMAOR to clear flags.
Access SARO-SAR3, DARO-DARS3, and TCRO-TCR3 by long word or word. If byte

access is used when writing, the value of the register contents becomes undefined; if
used when reading, the value read is undefined.
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9.2 Register Descriptions

9.21 DMA Source Address Registers 0-3 (SARO-SAR3)

DMA source address registers 0-3 (SARO-SARS3) are 32-bit read/write registers that specify the
source address of aDMA transfer. During a DMA transfer, these registers indicate the next source
address (in single-address mode, SAR isignored in transfers from external devices with DACK to
memory-mapped external devices or external memory).

Theinitial value after resets or in standby mode is undefined.

Bit: 31 30 29 28 27 26 25 24

eame: | [ | | [ | | |

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 23 22 21 20 0
Bit name: ‘ ’ ‘ ‘ ‘ E
Initial value: — — — — —
R/W: R/W R/W R/W R/W . R/W

9.2.2 DMA Destination Address Registers 0-3 (DARO-DAR3)

DMA destination address registers 0-3 (DARO-DAR3) are 32-bit read/write registers that specify
the destination address of a DMA transfer. During a DMA transfer, these registers indicate the
next destination address (in single-address mode, DAR isignored in transfers from memory-
mapped external devices or external memory to external devices with DACK). Theinitia value
after resets or in standby mode is undefined.

Bit: 31 30 29 28 27 26 25 24

gtname: | | | [ [ | | |

Initial value: — — — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 23 22 21 20 0
Bit name: ‘ ’ ‘ ‘ ‘ |:|
Initial value: — — — — —
R/W: R/W R/W R/W R/W .. R/W
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9.2.3 DMA Transfer Count Registers 0-3 (TCRO-TCR3)

DMA transfer count registers 0-3 (TCRO-TCRS3) are 16-bit read/write registers that specify the
DMA transfer count (bytes or words). The number of transfersis 1 when the setting is H'0001,
65535 when the setting is H'FFFF and 65536 (the maximum) when H'0000 is set. During a DMA
transfer, these registersindicate the remaining transfer count. Theinitial value after resetsor in
standby mode is undefined.

Bit: 15 14 13 12 11 10 9 8

gename: | [ | [ [ | | |

Initial value: — — — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Bit name: ‘

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

9.24 DMA Channel Control Registers 0-3 (CHCRO-CHCR3)

DMA channel control registers 0-3 (CHCRO-CHCR3) are 16-bit read/write registers that control
the DMA transfer mode. They also indicate DMA transfer status. They areinitialized to H'0000 by
areset or standby mode.

Bitt 15 14 13 12 11 10 9 8
Bitname:‘ DM1 \ DMO ‘ SM1 ] SMO \ RS3 \ RS2 \ RS1 ‘ RSO ]
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
Bit name: ‘ AM \ AL ‘ DS ] ™ \ TS ‘ IE \ TE ‘ DE ]
Initial value: 0 0 0 0 0 0 0 0

RIW: R/I(W)? R/(W)2 R/(W)?2 R/W R/W RIW  R/(W)* R/W
Notes: 1. Write only O to clear the flag.
2. Writing is effective only for CHCRO and CHCRL1.
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« Bits 15 and 14 (destination address mode bits 1, 0 (DM 1 and DMQ)): DM1 and DMO select
whether the DMA destination addressis incremented, decremented, or left fixed (in the single
address mode, DM 1 and DMO are ignored when transfers are made from memory-mapped
external devices or external memory to external devices with DACK). DM1 and DMO are
initialized to 00 by resets or in standby mode.

Bit 15: DM1 Bit 14: DMO

Description

0 0 Fixed destination address (initial value)

0 1 Destination address is incremented (+1 or +2 depending on if
the transfer size is word or byte)

1 0 Destination address is decremented (-1 or —2 depending on if
the transfer size is word or byte)

1 1 Reserved (illegal setting)

« Bits 13 and 12 (source address mode bits 1, 0 (SM1 and SM0)): SM1 and SMO select whether
the DMA source address is incremented, decremented, or left fixed (in the single address
mode, SM1 and SMO are ignored when transfers are made from external devices with DACK
to memory-mapped external devices or external memory). SM1 and SMO are initialized to 00

by resets or in standby mode.

Bit 13: SM1 Bit 12: SMO

Description

0 0 Fixed source address (initial value)

0 1 Source address is incremented (+1 or +2 depending on if the
transfer size is word or byte)

1 0 Source address is decremented (-1 or —2 depending on if the
transfer size is word or byte)

1 1 Reserved (illegal setting)

» Bits 11-8 (resource select bits 3-0 (RS3-RS0)): RS3-RS0 specify which transfer requests will
be sent to the DMAC. Do not change the transfer request source unless the DMA enable bit
(DE) is0. The RS3—RS0 bits are initialized to 0000 by resets or in standby mode.
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Bit 11: Bit10: Bit9: Bit8:

RS3 RS2 RS1 RSO Description

0 0 0 0 DREQ (External request*1, dual address mode) (initial value)

0 0 0 1 Reserved (illegal setting)

0 0 1 0 DREQ (External request*!, single address mode*?2)

0 0 1 1 DREQ (External request*!, single address mode*3)

0 1 0 0 RXI0 (On-chip serial communication interface 0 receive data
full interrupt transfer request)**

0 1 0 1 TXIO (On-chip serial communication interface 0 transmit data
empty interrupt transfer request)*4

0 1 1 0 RXI1 (On-chip serial communication interface 1 receive data
full interrupt transfer request)**

0 1 1 1 TXI1 (On-chip serial communication interface 1 transmit data
empty interrupt transfer request)*4

1 0 0 0 IMIAO (On-chip ITUO input capture/compare-match A
interrupt transfer request)**

1 0 0 1 IMIA1 (On-chip ITUL input capture/compare-match A
interrupt transfer request)**

1 0 1 0 IMIA2 (On-chip ITU2 input capture/compare-match A
interrupt transfer request)**

1 0 1 1 IMIA3 (On-chip ITU3 input capture/compare-match A
interrupt transfer request)**

1 1 0 0 Auto-request (Transfer requests automatically generated
within DMAC)**

1 1 0 1 Reserved (illegal setting)

1 1 1 0 Reserved (illegal setting)

1 1 1 1 Reserved (illegal setting)

SCI0, SCI1: Serial communications interface channels 0 and 1.
ITUO-ITU3: Channels 0-3 of the 16-bit integrated-timer pulse unit.
Notes: 1.

These bits are valid only in channels 0 and 1. None of these request sources can be
selected in channels 2 and 3.

. Transfer from memory-mapped external device or external memory to external device
with DACK.

. Transfer from external device with DACK to memory-mapped external device or
external memory.

. Dual address mode.
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e Bit 7 (acknowledge mode bit (AM)): In the dual address mode, AM selects whether the DACK
signal is output during the data read cycle or write cycle. Thisbit isvalid only in channels 0
and 1. The AM hit isinitialized to 0 by resets or in standby mode. The AM bit is not vaidin
single address mode.

Bit 7: AM Description
0 DACK is output in read cycle (initial value)
1 DACK is output in write cycle

« Bit 6 (acknowledge Level Bit (AL)): AL selects active high signal or active low signa for the
DACK signal. Thisbit isvalid only in channels0 and 1. The AL bit isinitialized to O by resets
or in standby mode.

Bit 6: AL Description
0 DACK is active high (initial value)
1 DACK is active low

e Bit5(DREQ select hit (DS)): DS selects the DREQ input detection method used. Thisbitis
valid only in channels0 and 1. The DS hit isinitialized to 0 by resets or in standby mode.

Bit 5: DS Description
0 DREQ detected by low level (initial value)
1 DREQ detected by falling edge

* Bit 4 (transfer bus mode bit (TM)): TM selects the bus mode for DMA transfers. The TM hit is
initialized to O by resets or in standby mode. When the source of the transfer request is an on-
chip peripheral module, see table 9.4, Selecting On-Chip Peripheral Module Regquest Modes
with the RS Bit.

Bit 4: TM Description
0 Cycle-steal mode (initial value)
1 Burst mode
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» Bit 3 (transfer size bit (TS)): TS selects the transfer unit size. If the on-chip peripheral module
that is the source or destination of the transfer can only be accessed in bytes, byte must be
selected in thisbit. The TS bit isinitialized to O by resets or in standby mode.

Bit 3: TS Description
0 Byte (8 hits) (initial value)
1 Word (16 bits)

e Bit 2 (interrupt enable bit (IE)): |E determines whether or not to request a CPU interrupt at the
end of aDMA transfer. When the |E bit is set to 1, an interrupt (DEI) is requested from the
CPU when the TE bit isset. The |E bit isinitialized to O by resets or in standby mode.

Bit 2: IE Description
0 Interrupt request disabled (initial value)
1 Interrupt requeste enabled

e Bit 1 (transfer end flag bit (TE)): TE indicates that the transfer has ended. When aDMA
transfer ends normally and the value in the DMA transfer count register (TCR) becomes 0, the
TE bitissetto 1. Thisflagis not set if the transfer ends because of an NMI interrupt or address
error, or because the DE bit or the DME bit of the DMA operation register (DMAOR) was
cleared. To clear the TE bit, read 1 from it and then write O.

When thisflag is set, setting the DE bit to 1 does not enable aDMA transfer. The TE bit is
initialized to 0 by resets or in standby mode.

Bit 1: TE Description

0 DMA has not ended or was aborted (initial value)

To clear TE, the CPU must read TE after it has been set to 1, then
write a 0 in this bit

1 DMA has ended normally
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« Bit 0 (DMA enable bit (DE)): DE enables or disables DMA transfers. In the auto-request
mode, the transfer starts when this bit or the DME bit of the DMAOR is set to 1. The TE bit
and the NMIF and AE bits of the DMAOR must be all cleared to 0. In external request mode
or on-chip peripheral module request mode, the transfer begins when the DMA transfer request
isreceived from said device or on-chip peripheral module, provided this bit and the DME bit
are set to 1. Aswith the auto request mode, the TE bit and the NMIF and AE bits of the
DMAOR must be all cleared to 0. The transfer can be stopped by clearing this bit to 0.

The DE bit isinitialized to 0 by resets or in standby mode.

Bit 0: DE Description
0 DMA transfer disabled (initial value)
1 DMA transfer enabled

9.25 DMA Operation Register (DMAOR)

The DMA operation register (DMAOR) is a 16-bit read/write register that controls the DMA
transfer mode. It aso indicates the DMA transfer status. It isinitialized to H'0000 by areset or the
standby mode.

Bitt 15 14 13 12 11 10 9 8
Bitname:| — | — | — | — | — | — | PRL| PRO |
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R RW  RW
Bitt 7 6 5 4 3 2 1 0
Bitname:. — | — | — | — | — | AE | NMIF| DME |
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R(W R(W* R

Note: Write only O to clear the flag.

* Bits 15-10 (reserved): These bits always read 0. The write value should always be O.
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Bits 9 and 8 (priority mode bits 1 and 0 (PR1 and PRO0)): PR1 and PRO select the priority level
between channels when there are transfer requests for multiple channels simultaneously.

Bit 9: PR1 Bit 8: PRO Description

0 0 Fixed priority order (Ch. 0 > Ch. 3 > Ch. 2 > Ch. 1) (initial value)

0 1 Fixed priority order (Ch. 1 > Ch. 3> Ch. 2> Ch. 0)

1 0 Round-robin mode priority order (the priority order immediately
after aresetis Ch. 0> Ch. 3> Ch. 2> Ch. 1)

1 1 External-pin round-robin mode priority order (the priority order

immediately after a reset is Ch. 3> Ch. 2 > Ch. 1> Ch. 0)

Bits 7-3 (reserved): These bits always read 0. The write value should always be 0.

Bit 2 (address error flag bit (AE)): AE indicates that an address error occurred in the DMAC.
When thisflag is set to 1, the channel cannot be enabled even if the DE bit in the DMA
channel control register (CHCR) and the DME bit are set to 1. To clear the AE bit, read 1 from
it and then write 0. It isinitialized to 0 by areset or the standby mode.

Bit 2: AE Description
0 No DMAC address error (initial value)

To clear the AE bit, read 1 from it and then write 0.
1 Address error by DMAC

Bit 1 (NMI Flag Bit (NMIF)): NMIF indicates that an NMI interrupt occurred. When thisflag
is set to 1, the channel cannot be enabled even if the DE bit in the CHCR and the DME hit are
set to 1. To clear the NMIF hit, read 1 from it and then write O. It isinitialized to O by areset or

the standby mode.

Bit 1: NMIF Description
0 No NMI interrupt (initial value)

To clear the NMIF bit, read 1 from it and then write 0.
1 NMI has occurred
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« Bit 0 (DMA master enable bit (DME)): DME enables or disables DMA transfers on all
channels. A channel becomes enabled for aDMA transfer when the DE bit in each DMA's
CHCR and the DME bit are set to 1. For thisto be effective, however, the TE bit of each
CHCR and the NMIF and AE bits must all be 0. When the DME bit is cleared, all channel
DMA transfers are aborted.

Bit 0: DME Description
0 Disable DMA transfers on all channels (initial value)
1 Enable DMA transfers on all channels

9.3 Operation

When thereisa DMA transfer request, the DMAC starts the transfer according to the
predetermined channel priority order; when the transfer end conditions are satisfied, it ends the
transfer. Transfers can be requested in three modes: auto-request, external request, and on-chip
module request. Transfer can be in either the single address mode or the dual address mode. The
bus mode can be either burst or cycle steal

9.3.1 DMA Transfer Flow

After the DMA source address registers (SAR), DMA destination address registers (DAR), DMA
transfer count registers (TCR), DMA channel control registers (CHCR), and DMA operation
register (DMAOR) are set, the DMAC transfers data according to the following procedure:

1. Checksto seeif transfer isenabled (DE=1, DME=1, TE=0, NMIF=0, AE=0)

2. When atransfer request comes and transfer is enabled, the DMAC transfers 1 transfer unit of
data (for an auto-request, the transfer begins automatically when the DE bit and DME bit are
set to 1. The TCR value will be decremented by 1). The actual transfer flows vary by address
mode and bus mode.

3. When the specified number of transfer have been completed (when TCR reaches 0), the
transfer ends normally. If the IE bit of the CHCR is set to 1 at thistime, a DEI interrupt is sent
to the CPU.

4. When an address error occursin the DMAC or an NMI interrupt is generated, the transfer is
aborted. Transfers are a so aborted when the DE bit of the CHCR or the DME hit of the
DMAOR are changed to 0.

Figure 9.2 isaflowchart of this procedure.
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( Start )

Initial settings
(SAR, DAR, TCR, CHCR, DMAOR)

<
<

DE, DME =1 and
NMIF, AE, TE = 0?

Yes|e

Transfer request
occurs?*1

Bus mode,
transfer request mode,
DREQdetection selection

Yes|< 3

system

Transfer (1 transfer unit); TCR-1
- TCR, SAR and DAR updated

NMIF =1, AE=1,
DE =0, or DME

Transfer aborted

DEI interrupt request
(when IE = 1)

No NMIF =1, AE=1,
DE = 0, and DME

(Normal en@ Cl'ransfer ends)

Notes: 1. In auto-request mode, transfer begins when NMIF, AE and TE are all and the DE

and DME bits are set to 1.
2. DREQ = level detection in the burst mode (external request), or cycle steal mode.

3. DREQ = edge detection in the burst mode (external request), or auto request mode
in burst mode.

Figure9.2 DMA Transfer Flowchart
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9.3.2 DMA Transfer Requests

DMA transfer requests are basically generated in either the data transfer source or destination, but
they can aso be generated by devices and on-chip peripheral modules that are neither the source
nor the destination. Transfers can be requested in three modes: auto-request, external request, and
on-chip module request. The request mode is selected in the RS3-RS0 bits of the DMA channel
control registers 0-3 (CHCRO—-CHCR3).

Auto-Request Mode: When thereis no transfer request signal from an external source, asin a
memory-to-memory transfer or atransfer between memory and an on-chip peripheral module
unable to request atransfer, the auto-request mode allows the DMAC to automatically generate a
transfer request signal internally. When the DE bits of CHCRO-CHCR3 and the DME bit of the
DMAOR are set to 1, the transfer begins (so long as the TE bits of CHCRO-CHCR3 and the
NMIF and AE bits of DMAOR are dl 0).

External Request Mode: In this mode atransfer is performed at the request signal (DREQ) of an
external device. Choose one of the modes shown in table 9.3 according to the application system.
When this mode is selected, if the DMA transfer isenabled (DE=1, DME =1, TE=0, NMIF =0,
AE =0), atransfer is performed upon arequest at the DREQ input. Choose to detect DREQ by
either the falling edge or low level of the signal input with the DS bit of CHCRO-CHCR3 (DS =0
islevel detection, DS = 1 is edge detection). The source of the transfer request does not have to be
the data transfer source or destination.

Table9.3  Selecting External Request M odes with the RS Bits

RS3 RS2 RS1 RSO Address Mode  Source Destination

0 0 0 0 Dual address Any* Any*
mode

0 0 1 0 Single address External memory or  External device with
mode memory-mapped DACK

external device

0 0 1 1 Single address External device with  External memory or

mode DACK memory-mapped

external device

Note: External memory, memory-mapped external device, on-chip memory, on-chip peripheral
module (excluding DMAC)

On-Chip Module Request: In this mode atransfer is performed at the transfer request signal
(interrupt request signal) of an on-chip module. The transfer request signals include the receive
data full interrupt (RXI) of the serial communication interface (SCI), the transmit data empty
interrupt (TX1) of the SCI, the input capture A/compare match A interrupt request (IMI1A) of the
16-bit integrated-pulse timer (ITU), (table 9.4). When this mode is selected, if the DMA transfer is
enabled (DE=1, DME =1, TE=0, NMIF =0, AE = 0), atransfer is performed upon the input of
atransfer request signal. The source of the transfer request does not have to be the data transfer
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source or destination. When RXI1 is set as the transfer request, however, the transfer source must
be the SCI’ s receive dataregister (RDR). Likewise, when TXI is set as the transfer request, the
transfer source must be the SCI's transmit data register (TDR).

Table9.4  Selecting On-Chip Peripheral M odule Request M odes with the RS Bit

DMA
Transfer
Request DMA Transfer Request Desti- Bus Mode
RS3 RS2 RS1 RSO Source Signal Source nation
0 1 0 0 SCI0 RXIO (SCIO receive data full RDRO  Any*  Cycle steal
receiver interrupt transfer request)
0 1 0 1 SCIO TXI0 (SCIO transmit data Any TDRO Cycle steal
trans- empty interrupt transfer
mitter request)
0 1 1 0 SCI1 RXI1 (SCll receive data full RDR1  Any* Cycle steal
receiver interrupt transfer request)
0 1 1 1 SCI1 TXI1 (SCI1 transmit data Any* TDR1 Cycle steal
trans- empty interrupt transfer
mitter request)
1 0 0 0 ITUO IMIAO (ITUO input capture A/ Any* Any*  Burst/Cycle
compare-match A) steal
1 0 0 1 ITUl IMIAL (ITUL input capture A/ Any* Any*  Burst/Cycle
compare-match A) steal
1 0 1 0 ITU2 IMIA2 (ITU2 input capture A/ Any* Any*  Burst/Cycle
compare-match A) steal
1 0 1 1 ITU3 IMIA3 (ITU3 input capture A/ Any* Any*  Burst/Cycle
compare-match A) steal

SCI0, SCI1: Serial communications interface channels 0 and 1
ITUO-ITU3: Channels 0-3 of the 16-bit integrated-timer pulse unit.
RDRO, RDR1: Receive data registers 0, 1 of SCI

TDRO, TDR1: Transmit data registers 0, 1 of SCI

Note: External memory, memory-mapped external device, on-chip memory, on-chip peripheral
module (excluding DMAC)

When outputting transfer requests from on-chip peripheral modules, the appropriate interrupt
enable bits must be set to output the interrupt signals. Note that transfer request signals from on-
chip peripheral modules (interrupt request signals) are sent not just to the DMAC but to the CPU
aswell. When an on-chip peripheral module is specified as the transfer request source, set the
priority level valuesin the interrupt priority level registers (IPRC-IPRE) of the interrupt controller
(INTC) at or below the levels set in the 130 bits of the CPU’ s status register (SR) so that the
CPU does not acknowledge the interrupt request signal.

RENESAS 185



The DMA transfer request signals of table 9.4 are automatically withdrawn when the
corresponding DMA transfer is performed. If the cycle steal mode is being employed, the DMA
transfer request (interrupt request) will be cleared at the first transfer; if the burst mode is being
used, it will be cleared at the last transfer.

9.3.3 Channel Priority

When the DMAC receives simultaneous transfer requests on two or more channels, it selectsa
channel according to a predetermined priority order. The three modes (fixed mode, round-robin
mode, and external-pin round-robin mode) are selected by the priority bits PR1 and PRO in the
DMA operation register.

Fixed Mode: In these modes, the priority levels among the channels remain fixed. When PR1 and
PRO hits are set 00, the priority order, high to low, isCh. 0> Ch. 3> Ch. 2> Ch. 1. When PR1
and PRO bits are set 01, the priority order, high to low, isCh. 1> Ch. 3> Ch. 2> Ch. 0.

Round-Robin Mode: Each time one word or byte is transferred on one channel, the priority order
isrotated. The channel on which the transfer was just finished rotates to the bottom of the priority
order. When necessary, the priority order of channels other than the one that just finished the
transfer can also be shifted to keep the relationship between the channels from changing (figure
9.3). The priority order immediately after areset is channel 0 > channel 3 > channel 2 > channel 1.
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(1) When channel 0 transfers
Initial priority order | ch0 > ch3 >ch2 >chl |

v

| cha>ch2>ch1>cho |

Priority order
after transfer

(2) When channel 3 transfers

Initial priority order | ch0 >ch3 >ch2 >ch1l |
: [

Priority order | ch2 >chl >ch0 >ch3 |
after transfer

(3) When channel 2 transfers

Initial priority order | ch0 >ch3 >ch2 >chl |

L

Priority ord v v ‘
afrtlgrnt?laﬁ;fgrr | ch >ch0 > ch3 > ch2 |

N N

....................... v v v

Post-transfer priority order when
there is an immediate transfer
request to channel 3 only

|ck:2 > chl > ch0 > ch3 |

(4) When channel 1 transfers

Initial priority order | ch0 > ch3 >ch2 >chl |

Priority order

Fony orcer | cho>ch3>ch2>chl |

Channel 0 becomes
bottom priority

Channel 3 becomes bottom
priority. The priority of channel
0, which was higher than
channel 3, is also shifted.

Channel 2 becomes bottom
priority. The priority of channels
Oand 3, which were higher than
channel 2, are also shifted.

If immediately thereafter there
is a request to transfer channel
3 only, channel 3 becomes
bottom priority and the priority
of channels 0 and 1, which
were higher than channel 3,
are also shifted.

Priority order does not change

Figure9.3 Round-Robin Mode

Figure 9.4 shows how the priority order changes when channel 0 and channel 1 transfers are
requested simultaneously and a channel 3 transfer is requested during the channel O transfer. The

DMAC operates asfollows:
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1. Transfer requests are generated simultaneously to channels 1 and O.

2. Channel 0 has a higher priority, so the channel 0 transfer begins first (channel 1 waits for
transfer).

3. A channel 3 transfer request occurs during the channel 0 transfer (channels 1 and 3 are both
waiting)
4. When the channel 0 transfer ends, channel 0 becomes lowest priority.

5. At this point, channel 3 has a higher priority than channel 1, so the channel 3 transfer begins
(channel 1 waits for transfer).

6. When the channel 3 transfer ends, channel 3 becomes lowest priority.
7. Thechannel 1 transfer begins.

8. When the channdl 1 transfer ends, channels 1 and 2 shift downward in priority so that channel
1 becomes the lowest priority.

Transfer request | |Waiting channel(s)| |DMAC operation Channel priority

(1) Channels 0 and 1

(2) Channel 0
<+— 0>3>2>1

T transfer starts
1
3) Channel 3
3) —a |
Priority order
(4) Channel 0 changes
1,3 transfer ends 3>2>1>0
(5) Channel 3 /
—+ transfer starts
Priority order
h
1 (6) Channel 3 changes o 5.1-0>3
transfer ends
(7) Channel 1 /
- transfer starts
None Priority order
1 (8) Channel 1 changes 0535251

transfer ends

Figure9.4 Changesin Channel Priority in Round-Robin Mode
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External-Pin Round-Raobin Mode: External-pin round-robin mode switches the priority levels of
channel 0 and channel 1, which are the channels that can receive transfer requests from externa
pins DREQO and DREQI. The priority levels are changed after each (byte or word) transfer on
channel 0 or channel 1 is completed. The channel which just finished the transfer rotates to the
bottom of the priority order. The priority levels of channels 2 and 3 do not change. The initial
priority order after areset is channel 3 > channel 2 > channel 1 > channel 0.

Figure 9.5 shows how the priority order changes when channel 0 and channel 1 transfers are
reguested simultaneously and a channel O transfer is requested again after both channels finish
their transfers. The DMAC operates as follows:

1.

N

© N o g~

Transfer requests are generated simultaneously to channels 1 and 0.

Channel 1 has a higher priority, so the channel 1 transfer begins first (channel O waits for
transfer).

When the channel 1 transfer ends, channel 1 becomes lowest priority.

The channel 0 transfer begins.

When the channel 0 transfer ends, channel 0 becomes lowest priority.

A channdl 0 transfer request occurs again.

The channel 0 transfer begins.

When the channel 0 transfer ends, the priority order does not change, because channel 0 is
aready the lowest priority.
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Transfer request | |Waiting channel(s)| |DMAC operation|

Channel priority

(1) Channels

Oandl A __

(6) Channel 0 —,

None

None

(2) Channel 1

transfer starts 3>2>1>0
i Priority order
(3) Channel 1 changes > 3>2>0>1
transfer ends
(4) Channel 0 A/
transfer starts
i Priority order
(5) Channel 0 changes 3>2>1>0
transfer ends
Mting for
(7) Channel 0 transfer request
transfer starts
i Priority order
does not change
(8) Channel 0 9 5.05150

transfer ends

Figure9.5 Exampleof Changesin Priority in External-Pin Round-Robin Mode
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934 DMA Transfer Types

The DMAC supports the transfers shown in table 9.5. It can operate in the single address mode or
dual address mode, which are defined by how many bus cycles the DMAC takes to access the
transfer source and transfer destination. The actual transfer operation timing varies with the bus
mode. The DMAC has two bus modes: cycle-steal mode and burst mode.

Table9.5 Supported DMA Transfers

Destination
Memory-

External Mapped On-Chip

Device with External External On-Chip Peripheral
Source DACK Memory Device Memory Module
External device with DACK Not available  Single Single Not available  Not available
External memory Single Dual Dual Dual Dual
Memory-mapped external Single Dual Dual Dual Dual
device
On-chip memory Not available  Dual Dual Dual Dual
On-chip peripheral module Not available  Dual Dual Dual Dual

Single: Single address mode
Dual: Dual address mode
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Address Modes:
e Single Address Mode

In the single address mode, both the transfer source and destination are external; one
(selectable) is accessed by a DACK signal while the other is accessed by an address. In this
mode, the DMAC performs the DMA transfer in 1 bus cycle by simultaneously outputting a
transfer request acknowledge DACK signal to one external device to access it while outputting
an address to the other end of the transfer. Figure 9.6 shows an example of atransfer between
an external memory and an external device with DACK in which the external device outputs
data to the data bus while that data is written in external memory in the same bus cycle.

External address bus External data bus

SH microcomputer ™ \’ ______
: : External
DMAC I A memory
— | :
L ' _
| |Read Wie
Bt
. 1) (2
. ()() External device
with DACK
—~ N,
DACK
DREQ
""" » . Data flow

Note: The read/write direction is decided by the RS3-RS0 bits of the CHCRn registers. If RS3-
RS0=0010, the direction is shown as case 1 (circled number above); if RS3-RS0=0010,
the direction is shown as case 2. Also, DACK output (when writing) indicates case 2.

Figure9.6 DataFlow in Single Address M ode

Two types of transfers are possible in the single address mode: 1) transfers between external
devices with DACK and memory-mapped external devices, and 2) transfers between external
deviceswith DACK and external memory. The only transfer requests for either of theseisthe
external request (DREQ). Figure 9.7 shows the DMA transfer timing for the single address
mode.
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The DACK output when atransfer occurs from an external device with DACK to a memory-
mapped external deviceisthe write waveform. The DACK output when atransfer occurs from
amemory-mapped external device to an external device with DACK isthe read waveform.
The setting of the acknowledge mode (AM) bitsin the channel control registers (CHCRO,
CHCR1) have no effect.

CK

A21-A0 X X <— Address output to external memory space
csn ./

Data that is output from the external
D15-00 )~ ) device with DACK
DACK \ <« DACK signal to external devices with
DACK (active low)

<—— WRsignal to external memory space

(a) External device with DACK to external memory space

CK

A21-A0 X X <+— Address output to external memory space
csn ./

D15-D0 4<:>— <«—— Data that is output from external memory space
RD \ / <—— RD signal to external memory space

DACK  \~_ /  <— DACK signal to external device with DACK
(active low)

(b) External memory space to external device with DACK

Figure9.7 Exampleof DMA Transfer Timing in the Single Address Mode
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¢ Dual Address Mode

In the dual address mode, both the transfer source and destination are accessed (selectable) by
an address. The source and destination can be located externally or internally. The source is
accessed in the read cycle and the destination in the write cycle, so the transfer is performed in
two separate bus cycles. The transfer datais temporarily stored in the DMAC. Figure 9.8
shows an example of atransfer between two external memories in which datais read from one
memory in the read cycle and written to the other memory in the following write cycle.

External data bus

—~

SuperH microcomputer )
External

L [ P — N

DMAC <<> < memory
__ SN External
— memory

1

gy

----- » : Data flow
1. Read cycle
2: Write cycle

Figure9.8 DataFlow in Dual Address Mode

In the dual address mode transfers, external memory, memory-mapped external devices, on-
chip memory and on-chip peripheral modules can be mixed without restriction. Specifically,
this enables the following transfer types:

External memory and external memory transfer

External memory and memory-mapped external devices transfer
Memory-mapped external devices and memory-mapped external devices transfer
External memory and on-chip memory transfer

External memory and on-chip peripheral modules (excluding the DMAC) transfer
Memory-mapped external devices and on-chip memory transfer

Memory-mapped external devices and on-chip peripheral modules (excluding the DMAC)
transfer

8. On-chip memory and on-chip memory transfer

9. On-chip memory and on-chip peripheral modules (excluding the DMAC) transfer

10. On-chip peripheral modules (excluding the DMAC) and on-chip peripheral modules
(excluding the DMAC) transfer
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Transfer requests can be auto requests, external requests, or on-chip peripheral module
reguests. When the transfer request source is either the SCI or A/D converter, however, either
the data destination or source must be the SCI or A/D converter (figure 9.4), Indual address
mode, DACK is output in read or write cycles to onchip memory or onchip peripheral
modules. The CHCR controlsthe cycle of DACK output.

Figure 9.9 shows the DMA transfer timing in the dual address mode.

c LT LT LITLITLTL
A21-A0 X X X

o Source address o Destination address

CSn )

D15-DO0 —

RD

V\RH
VARL

DACK

Figure9.9 DMA Transfer Timingin the Dual Address M ode (External memory spaceto
external memory spacetransfer with DACK output in theread cycle)

Bus Modes: There are two bus modes: cycle steal and burst. Select the mode in the TM bits of
CHCRO-CHCRS.

e Cycle-Steal Mode

In the cycle steal mode, the bus right is given to another bus master after a one-transfer-unit
(word or byte) DMA transfer. When another transfer request occurs, the bus rights are obtained
from the other bus master and atransfer is performed for one transfer unit. When that transfer
ends, the bus right is passed to the other bus master. Thisis repeated until the transfer end
conditions are satisfied.

The cycle steal mode can be used with all categories of transfer destination, transfer source and
transfer request. Figure 9.10 shows an example of DMA transfer timing in the cycle steal
mode. Transfer conditions shown in the figure are;

O Dua address mode
0 DREQ level detection

RENESAS 195




e\ /

Bus right returned to CPU

f_/H
Bus cycle ><CPU >< CPU><CPU ><DMAC><DMAC>< CPU><DMAC><DMAC>< CPU ><

Read Write Read Write

Figure9.10 Transfer Examplein the Cycle-Steal M ode (Dual address mode, DREQ level
detection)

¢ Burst Mode

Once the bus right is obtained, the transfer is performed continuoudly until the transfer end
condition is satisfied. In the external request mode with low level detection of the DREQ pin,
however, when the DREQ pin is driven high, the bus passes to the other bus master after the
bus cycle of the DMAC that currently has an acknowledged request ends, even if the transfer
end conditions have not been satisfied.

The burst mode cannot be used when the serial communicationsinterface (SCI) isthe transfer
request source. Figure 9.11 shows an example of DMA transfer timing in the burst mode. The
transfer conditions shown in the figure are:

0 Single address mode
0 DREQ level detection

o\ /

Bus cycle ><CPU >< CPU>< CPU ><DMAC><DMAC><DMAC><DMAC><DMAC><DMAC>< CPU><

Figure9.11 Transfer Examplein the Burst Mode (Single address mode, DREQ level
detection)

Relationship between Request Modes and Bus Modesby DM A Transfer Category: Table 9.6
shows the relationship between request modes and bus modes by DMA transfer category.
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Table9.6 Relationship of Request Modes and Bus Modes by DMA Transfer Category
Addres Request Bus Transfer Usable
s Mode Transfer Category Mode Mode Size (bits) Channels
Single  External device with DACK and External B/C 8/16 0,1
external memory
External device with DACK and External B/C 8/16 0,1
memory-mapped external device
Dual External memory and external Everything*l  B/C 8/16 0-3*°
memory
External memory and memory- Everything*l  B/C 8/16 0-3*5
mapped external device
Memory-mapped external device and Everything*l ~ B/C 8/16 0-3*°
memory-mapped external device
External memory and on-chip Everything*l  B/C 8/16 0-3*5
memaory
External memory and on-chip Everything*2 ~ B/C*3  8/16** 0-3*5
peripheral module
Memory-mapped external device and Everything*l ~ B/C 8/16 0-3*5
on-chip memory
Memory-mapped external device and Everything*2 ~ B/C*3  8/16* 0-3*°
on-chip peripheral module
On-chip memory and on-chip Everything*l  B/C 8/16 0-3*5
memory
On-chip memory and on-chip Everything*2  B/C*3  8/16** 0-3*5
peripheral module
On-chip peripheral module and on-  Everything*2 ~ B/C*3  8/16*4 0-3*°

chip peripheral module

B: Burst, C: Cycle steal

External requests, auto requests and on-chip peripheral module requests are all
available. For on-chip peripheral module requests, however, SCI cannot be specified as

Notes: 1.

the transfer request source.

External requests, auto requests and on-chip peripheral module requests are all
available. When the SCl is also the transfer request source, however, the transfer
destination or transfer source must be the SCI respectively.

If the transfer request source is the SCI, cycle steal only.
The access size permitted when the transfer destination or source is an on-chip

peripheral module register.

If the transfer request is an external request, channels 0 and 1 only.

Bus Mode and Channel Priority Order: When agiven channel (1) is transferring in burst mode
and there is atransfer request to a channel (2) with ahigher priority, the transfer of the channel
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with higher priority (2) will begin immediately. When channel 2 is also operating in the burst
mode, the channel 1 transfer will continue when the channel 2 transfer has compl etely finished.
When channel 2 isin the cycle steal mode, channel 1 will begin operating again after channel 2
completes the transfer of one transfer unit, but the bus will then switch between the two in the
order channel 1, channel 2, channel 1, channel 2. Since channel 1isin burst mode, it will not give
the bus to the CPU. Thisexampleisillustrated in figure 9.12.

Bus CPU DMAC \ DMAC \\ DMAC \V DMAC Y DMAC \V DMAC \| DMAC CPU
status chl chl ch2 chl ch2 chl chl

ch2 chl ch2

DMAC chl DMAC chl and ch2 DMAC chl
CPU Burst mode Cycle steal mode Burst mode CPU

Figure9.12 BusHandling when Multiple Channels Are Operating

9.35 Number of Bus Cycle Statesand DREQ Pin Sample Timing

Number of Statesin Bus Cycle: The number of states in the bus cycle when the DMAC isthe
bus master is controlled by the bus state controller just asit is when the CPU is the bus master.
The bus cycle in the dual address mode is controlled by wait state control register 1 (WCRL1) while
the single address mode bus cycleis controlled by wait state control register 2 (WCR?2). For
details, see section 8.9, Wait State Control.

DREQ Pin Sampling Timing: Normally, when DREQ input is detected immediately prior to the
rise edge of the clock pulse (CK) in external request mode, a DMAC bus cycle will be generated
and the DMA transfer performed two states later at the earliest. The sampling timing after DREQ
input detection differs by bus mode, address mode and method of DREQ input detection.

* DREQ pin sampling timing in the cycle steal mode

In the cycle steal mode, the sampling timing is the same regardless of whether the DREQ is
detected by edge or level. When edge is being detected, however, once sampled it will not be
sampled again until the next edge detection. Once DREQ inpult is detected, the next sampling
is not performed until the first state, among those DMAC bus cycles thereby produced, in
which a DACK signal is output (including the detection state itself). The next sampling occurs
immediately prior to the rise edge of the clock pulse(CK) of the third state after the bus cycle
previous to the bus cycle in which the DACK signal is output.
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Figure 9.13 to 9.22 show the sampling timing of the pin DREQ in the cycle steal mode for
each bus cycle. When no DREQ input is detected at the sampling after the aforementioned
DREQ detection, the next sampling occurs in the next stage in which aDACK signal is output.
If no DREQ input is detected at thistime, sampling occurs at every state thereafter.

CK

DREQ

Buscycle  ( cpu X cpu X cPu X DMAC X cPu X cPu X cPU X CPU )

DACK | | | 1]

Figure9.13 DREQ Sampling Timingin Cycle Steal Mode (Output with DREQ level
detection and DACK active low) (Single address mode, bus cycle = 1 state)

CK

DREQ

Buscycle (" cpu X cPu X cPU Xomac ®)omacwX cPU X cPU X CPU )

DACK | | | 1]

DMAC (R): DMAC read cycle
DMAC (W): DMAC write cycle

Note: lllustrates the case when DACK is output during the DMAC Read cycle.

Figure9.14 DREQ Sampling Timingin Cycle Steal Mode (Output with DREQ level
detection and DACK active low) (Dual address mode, bus cycle = 1 state)
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OREO S ‘(Cr—CV—CV—CT—<T—17—17—1?—13
Bus cycle < céu >< céu >< céu XDMACX céu >< Céu >< CI?U >< CFU >
DACK ]

Figure9.15 DREQ Sampling Timingin Cycle Steal M ode (Output with DREQ level
detection and DACK active low) (Single address mode, bus cycle = 2 states)

Bus cycle < CI§U >< CF:’U >< Cf’U ><DMA:C (R%MA:C (W>< CPU >< Cf’U >< CI§U >
DACK L;J :

DMAC (R): DMAC read‘cycle
DMAC (W): DMAC write cycle

Note: lllustrates the case when DACK is output during the DMAC write cycle.

Figure9.16 DREQ Sampling Timingin Cycle Steal M ode (Output with DREQ level
detection and DACK active low) (Dual address mode, bus cycle = 2 states)
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Tl Tw T2 ‘ .T1 . Tw . T2

DREQ

bMAC >< céu >

Bus cycle < CPU >< cPU >< CPU >< DMAC >< CPU

Note: When DREQ is negated at the third state of the DMAC cycle, the next DMA transfer will
be executed because the sampling is done at the second state of the DMAC cycle.

Figure9.17 DREQ Sampling Timingin Cycle Steal Mode (Output with DREQ level
detection and DACK active low) (Single address mode, bus cycle = 2 states + 1 wait state)

T1 Tw T2 T1 Tw T2

Bus cycle < cPU >< = >< cPU X DMAC (R)XDMAC (W)>< CPU >< céu >

DACK
| | | ‘ | DMAC (R): DMAC read ‘cycle
DMAC (W): DMAC write cycle

Figure9.18 DREQ Sampling Timing in Cycle Steal M ode (Output with DREQ level
detection and DACK active low) (Dual address mode, bus cycle = 2 states + 1 wait state)
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Tp.Tr . Tc. Tc. . . Tp.Tr Tc .Tc.

cK
Bus cycle <cpu ><CPU >< CPU >< DMAC >< CPU >< DMAC >< CPU >

DACK
Note: When DREQ is negated at the fourth state of the DMAC cycle, the next DMA transfer
will be executed because the sampling is done at the second state of the DMAC cycle.

Figure9.19 DREQ Sampling Timing in Cycle Steal Mode (Output with DREQ level
detection and DACK active low) (Single address mode, bus cycle= DRAM buscycle (long
pitch normal mode))

Tp.Tr.Tc.Tc. . . . Tp.Tr.Tc.Tc.

‘+—— . ——

cK |

XDmCXCPUX DMAC (R) XDmCXcPU>

Bus cycle <CPU><CPU><CPU>< DMAC(R)

DACK
DMAC (R): DMAC read cycle
DMAC (W): DMAC write cycle

Note: When DREQ is negated at the fourth state of the DMAC cycle, the next DMA transfer
will be executed because the sampling is done at the second state of the DMAC cycle.

Figure9.20 DREQ Sampling Timingin Cycle Steal Mode (Output with DREQ level
detection and DACK active low) (Dual address mode, bus cycle= DRAM buscycle (long
pitch normal mode))
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11, T2 . T3.T4. . . T1.T2.T3.T4.

DREQ

Bus cycle <ch><cPu><cPU>< DMAC ><CPU>< DMAC ><CPU>

DACK
Note: When DREQ is negated at the fourth state of the DMAC cycle, the next DMA transfer
will be executed because the sampling is done at the second state of the DMAC cycle.

Figure9.21 DREQ Sampling Timingin Cycle Steal Mode (Output with DREQ level
detection and DACK active low) (Single address mode, bus cycle = Address/data multiplex
I/0 buscycle)

T1T2T3T4 S T1T2T3 T4.

DREQ

Bus cycle <CPU><CPU><CPU‘ DMAC(R) ><D(MV$C><CPU><DMAC (R)><D(“x)c><cpu>

DACK
DMAC (R): DMAC read cycle
DMAC (W): DMAC write cycle
Note: When DREQ is negated at the fourth state of the DMAC cycle, the next DMA

transfer will be executed because the sampling is done at the second state of the
DMAC cycle.

Figure9.22 DREQ Sampling Timingin Cycle Steal Mode (Output with DREQ level
detection and DACK active low) (Dual address mode, bus cycle = Address/data multiplex
I/0 buscycle)
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* DREQ pin sampling timing in the burst mode

In the burst mode, the sampling timing differs depending on whether DREQ is detected by
edge or level.

When DREQ input is being detected by edge, once the falling edge of the DREQ signal is
detected, the DMA transfer continues until the transfer end conditions are satisfied, regardless
of the status of the DREQ pin. No sampling happens during this time. After the transfer ends,
sampling occurs every state until the TE bit of the CHCR is cleared.

When DREQ input is being detected by level, once the DREQ inpult is detected, next sampling
is performed at the end of every CPU or DMAC bus cyclein the single address mode. In the
dual address mode, the next sampling is performed at the start of every DMAC read cycle. In
both the single address mode and dual address mode, if no DREQ input is detected at thistime,
sampling thereafter occurs at every state.

Figures 9.23 and 9.24 show the DREQ pin sampling timing in burst mode when DREQ input is
detected by low level.

S AVAVAVAVAVAVAYAY
oREQ o A 1/ %\u e—eo o—=o

~_|
e
Bus \4 \ . D
cycle CPU CPU CPU DMAC DMAC DMAC CPU
DACK \_J \_J \_J

Note: Single address DREQ level detection, DACK active low, 1 bus cycle = 2 states.

Figure9.23 DREQ Pin Sampling Timing in Burst Mode
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N Y AVAVAVAVAVAYAYAYAVAVAYAWAY
~

DREQ / N -
~—|
\\\ — \\
Bus \‘ \ \\
cycle CPU CPU DMAC(R) X DMAC(W) X DMAC(R) X DMAC(W) CPU
DACK \ | I

Note: Dual address DREQ level detection, DACK active low, DACK output in read cycle, 1 bus
cycle = 2 states.

Figure9.24 DREQ Pin Sampling Timingin Burst Mode

9.3.6 DMA Transfer Ending Conditions

The DMA transfer ending conditions vary for individual channels ending and all channels ending
together.

Individual Channel Ending Conditions: There are two ending conditions. A transfer ends when
the value of the channel's DMA transfer count register (TCR) is O, or when the DE bit of the
channel's CHCR is cleared to O.

¢ When TCRis 0: When the TCR value becomes 0 and the corresponding channel’s DMA
transfer ends, the transfer end flag bit (TE) is set in the CHCR. If the | E (interrupt enable) bit
has been set, aDMAC interrupt (DEI) is requested to the CPU.

*  When DE of CHCR is0: Software can halt aDMA transfer by clearing the DE bit in the
channel’s CHCR. The TE bit is not set when this happens.

Conditionsfor Ending All Channels Simultaneously: Transfers on all channels end when 1) the
NMIF (NMI flag) bit or AE (address error flag) bit isset to 1 in the DMAOR, or 2) when the
DME bit inthe DMAOR iscleared to 0.
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» Transfers ending when the NMIF or AE bit isset to 1 in DMAOR: When an NMI interrupt or
DMAC address error occurs, the NMIF or AE bitisset to 1 in the DMAOR and all channels
stop their transfers. The SAR, DAR, TCR are al updated by the transfer immediately
preceding the halt. The TE bit is not set. To resume the transfers after NMI interrupt exception
processing or address error exception processing, clear the appropriate flag bit to 0. When a
channel’s DE hit isthen set to 1, the transfer on that channel will restart. To avoid restarting a
transfer on a particular channel, keep its DE hit cleared to 0. In the dual address mode, the
DMA transfer will be halted after the completion of the write cycle that follows the initial read
cyclein which the address error occurs. SAR, DAR and TCR are updated by the final transfer.

« Transfers ending when DME is cleared to 0 in DMAOR: Clearing the DME bit to O in the
DMAOR forcibly aborts the transfers on all channels at the end of the current cycle. The TE
bit is not set.

94 Examples of Use

94.1 DMA Transfer between On-Chip RAM and a Memory-M apped External Device

In the following example, dataiis transferred from an on-chip RAM to a memory-mapped external
device with an input capture A/compare match A interrupt (IMIAOQ) from channel 0 of the 16-bit
integrated-timer pulse unit (ITU) asthe transfer request signal. The transfer is performed by
DMAC channel 3. Table 9.7 shows the transfer conditions and register values.

Table9.7 Transfer Conditions and Register Settingsfor Transfer Between On-Chip RAM
and Memory-Mapped External Device

Transfer Conditions Register  Setting

Transfer source: on-chip RAM SAR3 H'FFFFEOO
Transfer destination: memory-mapped external device DAR3 Destination address
Number of transfers: 8 TCR3 H'0008

Transfer destination address: fixed CHCRS3 H'1805

Transfer source address: incremented

Transfer request source (transfer request signal): ITU channel
0 (IMIAD)

Bus mode: cycle steal

Transfer unit: byte

DEIl interrupt request generated at end of transfer (channel 3
enabled for transfer)

Channel priority order: fixed (0 > 3 > 2 > 1) (all channels DMAOR  H'0001
transfer enabled)
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94.2 Example of DMA Transfer between On-Chip SCI and External Memory

In this example, receive data of on-chip serial communications interface (SCI) channel O is
transferred to external memory using DMAC channel 3. Table 9.8 shows the transfer conditions
and register settings.

Table9.8 Transfer Conditionsand Register Settingsfor Transfer between On-Chip SCI
and External Memory

Transfer Conditions Register  Setting

Transfer source: RDRO of on-chip SCIO SAR3 H'FFFFECS5
Transfer destination: external memory DAR3 Destination address
Number of transfers: 64 TCR3 H'0040

Transfer destination address: incremented CHCRS3 H'4405

Transfer source address: fixed

Transfer request source (transfer request signal): SCIO (RXIO)

Bus mode: cycle steal

Transfer unit: byte

DEI interrupt request generated at end of transfer (channel 3
enabled for transfer

Channel priority order: fixed (0 > 3 > 2 > 1) (all channels DMAOR  H'0001
transfer enabled)
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9.5

Cautions

1. All registers other than the DMA operations register (DMAOR) and DMA channel control
registers 0-3 (CHCRO-CHCR?3) should be accessed in word or long word units.

2. Before rewriting the RS0—RS3 bits of CHCRO-CHCR3, first clear the DE bit to O (when
rewriting CHCR with a byte access, be sure to set the DE bit to 0 in advance).

3. Even when the NMI interrupt is input when the DMAC is not operating, the NMIF hit of the
DMAOR will be set.

4. Interrupt during DMAC Transfer

a. When an NMI interrupt is input, the DMAC stops operation and returns the bus right to the
CPU. The CPU then executes the interrupt processing.

b. When an interrupt other than an NMI occurs.

When the DMAC isin burst mode.

The DMAC does not return the bus right to the CPU in burst mode. Therefore, even
when an interrupt is requested in DMAC operation, the CPU cannot get the bus right,
causing the interrupt processing not to be executed. When the DMAC compl etes
transfer and the CPU gets the bus right, the CPU executes the interrupt processing if the
interrupt requested during DMAC transfer is not cleared.*

* Clear conditions for an interrupt request.

0 When an interrupt is requested from an on-chip peripheral module, the interrupt factor

flag is cleared.

0 When an interrupt is requested by IRQ (edge detection), the CPU begins the IRQ

interrupt processing of the request source.

0 When aninterrupt is requested by IRQ (level detection), the IRQ interrupt request

signal returned to high level.
When the DMAC isin cycle-steal mode.
The DMAC returns the bus right to the CPU every when the DMAC completes a

transfer unit in cycle-steal mode. Therefore, the CPU executes the requested interrupt
processing when getting the bus right.

5. The CPU and DMAC leaves the bus right released and the operation of the LSl is stopped
when the following conditions are satisfied.

e Thewarp bit (WARP) of the bus control register (BCR) of the bus controller (BSC)is set.
¢ TheDMAC isin cycle-steal transfer mode.
¢ The CPU accesses (reads/writes) the on-chip I/O space.

¢ Countermeasure
Set the warp bit of BCR to 0 and set it to normal mode.
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6. Notes on use of the SLEEP command
a. Operation contents
When the bus cycle of DMAC is entered immediately after executing the SLEEP
command, there are cases when the DMA transfer is carried out correctly.
b. Countermeasure
» Stop the operation (for exemple, clearing of the DMA enable bit (DE) of the DMA
channel control register(CHCRN)) before entering SLEEP.
*  When using DMAC during SLEEP, operate DMAC &fter releasing SLEEP through
interruption.

In cases when the CPU does not carry out any other processing but is waiting for DMAC to end its
transfer during DMAC operation, do not use the SLEEP command, but use the transfer end flag bit
(TE) of the channel DMA control register and the polling software loop.

Phenomenon: If the bus cycle of DMAC is entered immediately after executing the SLEEP
command, the bus cycle of DMAC may conflict with that of CPU.

Address bUS< CPU >< CPU >< CPU ><DMAC><DMAC>< CPU >
CPU

Fetch cycle of This is in itself a DMAC cycle but
SLEEP command involves CPU operation.

Accordingly, the bus cycle of DMAC which has conflicted with that of CPU may malfunction.

7. Sampling of DREQ
If DREQ is set to level detection in the DMA cycle steal mode, sampling of DREQ may take
place before DACK is output. Note that some system configurations involve unnecessary
DMA transfers.

e Operation
Asshown in Figure 9.16, sampling of DREQ is carried out immediately before the leading
edge of the third-state clock (CK) after completion of the bus cycle preceding the DMA bus
cyclewhere DACK is output.
If DACK isoutput after the third state of the DMA bus cycle, sampling of DREQ must be
carried out before DACK is output.
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Number of states of
DMAC bus cycle

1
1 L [
I
2 | |
H
3 | L
4 | ! |
ro
|:|: Bus cycle of DMAC Sampling point

Figure9.16 Sampling Points of DREQ

Especially as shown in Figure 9.17, if the bus cycle of DMA isafull accessto DRAM or if
refresh demand is generated, sampling of DREQ takes place before DACK isoutput as
mentioned above. This phenomenon is found when one of the following transfersis made with
DREQ set to the level detection in the DMA cycle steal mode, in a system which employs
DRAM (refresh enabled).

e[ 1L
LTp | Tr

Tc| | Refresh [T1]T2]

Sampling point Sampling point
A Bus cycle of DRAM  AWhen refresh operation is entered
(Full access) Sampling point of DREQ for DACK output position

differs with presence/absence of the refresh operation.

Figure9.17 Example of DREQ Sampling before Output of DACK

» Transfer from a device having DACK to memory in the single address mode (not
restricted to DRAM)

e Transfer from DRAM to adevice having DACK in the single address mode

e Output at DACK write in the dual address mode

Output at DACK read in the dual address mode and DMA transfer using DRAM asa
source

« Countermeasure
To prevent unnecessary DMA transfers, configure the system where DREQ is used for edge
detection and the edge corresponding to the next transfer request occurs after the DACK
output.
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8. When the following operations are performed in the order shown when the pin to which DREQ
input is assigned is designated as a general input pin by the pin function controller (PFC) and
inputs alow-level signal, the DREQ falling edge is detected, and a DMA transfer request
accepted, immediately after the setting in (b) is performed:

(@) A channel control register (CHCRn) setting is made so that an interrupt is detected at the
faling edge of DREQ.

(b) The function of the pin to which DREQ input is assigned is switched from general input to
DREQ input by a pin function controller (PFC) setting.

Therefore, when switching the pin function from general input pin to DREQ input, the pin
function controller (PFC) setting should be changed to DREQ input while the pin to which
DREQ input isassigned is high.
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Section 10 16-Bit Integrated-Timer Pulse Unit (ITU)

10.1 Overview

The SuperH microcomputer has an on-chip 16-bit integrated-timer pulse unit (ITU) with five
channels of 16-bit timers.

10.1.1 Features
ITU features are listed below:

» Can process a maximum of twelve different pulse outputs and ten different pulse inputs.

» Hasten general registers (GR), two per channel, that can be set to function independently as
output compare or input capture.

» Selection of eight counter input clock sourcesfor all channels
O Internal clock: ¢, ¢/2, ¢4, @8,
O Externa clock: TCLKA, TCLKB, TCLKC, TCLKD
e All channels can be set for the following operating modes:
0 Compare match waveform output: 0 output/1 output/sel ectable toggle output (0 output/1
output for channel 2).
O Input capture function: Selectable rising edge, falling edge, or both rising and falling edges.
0 Counter clearing function: Counters can be cleared by a compare match or input capture.
O Synchronizing mode: Two or more timer counters (TCNT) can be written to
simultaneously. Two or more timer counters can be simultaneously cleared by a compare
match or input capture. Counter synchronization functions enable synchronized
input/output.
0 PWM mode: PWM output can be provided with any duty cycle. When combined with the
counter synchronizing function, enables up to five-phase PWM outpuit.
» Channel 2 can be set to the phase counting mode: Two-phase encoder output can be counted
automatically.
e Channels 3 and 4 can be set in the following modes:
0 Reset-synchronized PWM mode: By combining channels 3 and 4, 3-phase PWM output is
possible with positive and negative waveforms .
O Complementary PWM mode: By combining channels 3 and 4, 3-phase PWM output is
possible with non-overlapping positive and negative waveforms.
» Buffer operation: Input capture registers can be double-buffered. Output compare registers can
be updated automatically.
« High-speed access viainternal 16-bit bus: The TCNT, GR, and buffer register (BR) 16-bit
registers can be accessed at high speed via a 16-bit bus.
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» Fifteen interrupt sources: Ten compare match/input capture interrupts (2 sources per channel)
and five overflow interrupts are vectored independently for atotal of 15 sources.

e Can activate DMAC: The compare match/input capture interrupts of channels 0-3 can start the
DMAC (one for each of four channels).

< Output trigger can be generated for the programmabl e timing pattern controller (TPC): The
compare match/input capture signals of channel 0-3 can be used as output triggers for the
TPC.

Table 10.1 summarizes the ITU functions.
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Table10.1

Iltem

ITU Functions

Channel 0

Channel 1

Channel 2

Channel 3

Channel 4

Counter clocks

Internal: @, @/2, @¢/4, @/8
External: Independently selectable from TCLKA, TCLKB, TCLKC, and TCLKD

General registers GRAO, GRBO GRAL, GRB1 GRA2, GRB2 GRA3, GRB3 GRA4, GRB4
(output compare/
input capture dual
registers)
Buffer registers No No No BRA3, BRB3 BRA4, BRB4
Input/output pins  TIOCAO, TIOCAL, TIOCA2, TIOCAS, TIOCA4,
TIOCBO TIOCB1 TIOCB2 TIOCB3 TIOCB4
Output pins No No No No TOCXAA4,
TOCXB4
Counter clear func- GRAO/GRBO GRA1/GRB1 GRA2/GRB2 GRA3/GRB3 GRA4/GRB4
tion (compare mat-
ch or input capture)
Compare O Yes Yes Yes Yes Yes
match Yes Yes Yes Yes Yes
output
Toggle Yes Yes No Yes Yes
output
Input capture Yes Yes Yes Yes Yes
function
Synchronization Yes Yes Yes Yes Yes
PWM mode Yes Yes Yes Yes Yes
Reset-synchronized No No No Yes Yes
PWM mode
Complementary No No No Yes Yes
PWM mode
Phase counting No No Yes No No
mode
Buffer operation No No No Yes Yes
DMAC activation  GRAO com- GRA1 com- GRA2 com- GRA3 com- No
pare match or pare match or pare match or pare match or
input capture  input capture input capture input capture
Interrupt sources » Compare ¢ Compare * Compare e Compare * Compare
(three) match/input match/input match/input match/input match/input
capture AO capture Al capture A2 capture A3 capture A4
e Compare ¢ Compare * Compare ¢ Compare e Compare
match/input match/input match/input match/input match/input
capture BO capture B1 capture B2 capture B3 capture B4
¢ Overflow * Overflow » Overflow ¢ Overflow * Overflow
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10.1.2 Block Diagram

ITU Block Diagram (Complete): Figure 10.1 isthe block diagram of the ITU.

r-——~>"F"~"F~>"~""~" "~~~ ~"~"~" "~~~ "~~~ T T, T T T T T T T T T T T TT—T—7— 1
|
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TIOCAO-TIOCA4 <D
TIOCBO-TIOCB4

Counter control and
pulse 1/O control unit

. Internal
<] TMDR K> data
bus
] TFCR (5

C>|16-b|t timer channel 0 |<D
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0
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!
Bus interface

<D|16-bit timer channel 4 |<D
D|16-bit timer channel 3 |<D
<D|16-bit timer channel 2 |<D
<D|16-bit timer channel 1 |<D

<
o
o
=3
I
=
@
o
c
)

ule

TOCR: Timer output control register (8 bits)
TSTR: Timer start regsiter (8 bits)

TSNC: Timer synchronization register (8 bits)
TMDR: Timer mode register (8 bits)

TFCR: Timer function control register (8 bits)

Figure10.1 1TU Block Diagram
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Block Diagram of Channels0 and 1: ITU channels 0 and 1 have the same function. Figure 10.2
isablock diagram of channels 0 and 1.

TCLKA-
TCLKD [

@4, ¢'8

¢ 92,

«— TIOCAN
Clock selection +«— TIOCBn
— IMIAN
Comparator Control logic —— IMIBn
— OVIn
= c c c c -
= g - . £
AREIRE | |o| |u| |G
= o o = i = -

Module data bus

TCNTn: Timer counter n (16 bits)
GRAN, GRBn: General registers An, Bn (input capture/output compare dual use) (16 bits x 2)
TCRn: Timer control register n (8 bits)
TIORN: Timer 1/O control register n (8 bits)
TIERnN: Timer interrupt enable register n (8 bits)
TSRn: Timer status register n (8 bits) (n = 0 or 1)

Figure10.2 Channels0and 1 Block Diagram (One Channel Shown)
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Block Diagram of Channel 2: Figure 10.3 isablock diagram of channel 2. Channel 2is0

output/1 output only.
T%:_(QE [ . TIoCA2
o Clock selection +«— TIOCB2
¢ @2,
@4, @8
— IMIA2
Comparator Control logic — IMIB2
— OVI2
SRERE: o | &] 8] |8
= © © (= F F =

Module data bus

TCNT2: Timer counter 2 (16 bits)

TCR2: Timer control register 2 (8 bits)

TSR2: Timer status register 2 (8 bits)

TIOR2: Timer 1/O control register 2 (8 bits)
TIER2: Timer interrupt enable register 2 (8 bits)

GRA2, GRB2: General registers A2, B2 (input capture/output compare dual use) (16 bits x 2)

Figure10.3 Channel 2 Block Diagram
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Block Diagrams of Channels 3 and 4: Figure 10.4 isablock diagram of channel 3; figure 10.5is
ablock diagram of channel 4.

TCLKA-
TCLKD Clock selection . TIOCAS
, @2,
¢ 912, «— TIOCB3
@4, @8
— IMIA3
Comparator Control logic — IMIB3
— OVI3
Bl 208 2llell2l|elle
5l Coe|le COR & O||W||®»
= oM O||m O||F||F ||+

Module data bus

TCNT3: Timer counter 3 (16 bits)

GRAS3, GRB3: General registers A3, B3 (input capture/output compare dual use) (16 bits x 2)
BRA3, BRB3: Buffer registers A3, B3 (input capture/output compare dual use) (16 bits x 2)
TCR3: Timer control register 3 (8 bits)

TIOR3: Timer 1/O control register 3 (8 bits)

TIER3: Timer interrupt enable register 3 (8 bits)

TSR3: Timer status register 3 (8 bits)

Figure10.4 Channels 3 Block Diagram
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TCLKA- D — TOCXA4
TCLKD . — TOCXB4
Clock selection
? 92, «— TIOCA4
@4, @8 «— TIOCB4
Comparator Control logic — IMIA4
— IMIB4
— OVI4
Sllzl—3lsl—zgllzlI2]2]=
GllecCAe||le 2|5 |e]||U||a
o o O o 0] = [ [ =

Module data bus

TCNT4: Timer counter 4 (16 bits)

GRAA4, GRBA4: General registers A4, B4 (input capture/output compare dual use) (16 bits x 2)
BRA4, BRB4: Buffer registers A4, B4 (input capture/output compare dual use) (16 bits x 2)
TCRA4: Timer control register 4 (8 bits)

TIOR4: Timer I/O control register 4 (8 bits)

TIER4: Timer interrupt enable register 4 (8 hits)

TSRA4: Timer status register 4 (8 bits)

Figure10.5 Channel 4 Block Diagram
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10.1.3  Input/Output Pins

Table 10.2 summarizes the ITU pins. External pin functions should be set with the pin function
controller to match to the ITU setting. See section 15, Pin Function Controller, for details. ITU
pins need to be set using the pin function controller (PFC) after the LSl is set to the ITU mode.

Table10.2 Pin Configuration

Channel Name Pin Name /0O Function
Shared  Clock input A TCLKA | External clock A input pin (A-phase input pin in
phase counting mode)
Clock input B TCLKB | External clock B input pin (B-phase input pin in
phase counting mode)
Clock input C TCLKC | External clock C input pin
Clock input D TCLKD | External clock D input pin
0 Input capture/out- TIOCAO I/0  GRAO output compare/GRAQ input capture/PWM

put compare AO

output pin (in PWM mode)

Input capture/out- TIOCBO
put compare BO

/0

GRBO output compare/GRBO input capture

1 Input capture/out- TIOCA1
put compare Al

/0

GRAL1 output compare/GRAL input capture/PWM
output pin (in PWM mode)

Input capture/out- TIOCB1
put compare B1

/0

GRB1 output compare/GRBL1 input capture

2 Input capture/out- TIOCA2
put compare A2

/0

GRA2 output compare/GRAZ2 input capture/PWM
output pin (in PWM mode)

Input capture/out- TIOCB2
put compare B2

/0

GRB2 output compare/GRB2 input capture

3 Input capture/out- TIOCA3
put compare A3

1/0

GRAS3 output compare/GRAS3 input capture/PWM
output pin (in PWM mode, complementary PWM
mode, or reset-synchronized PWM mode)

Input capture/out- TIOCB3
put compare B3

I/0

GRB3 output compare/GRB3 input capture/PWM
output pin (in complementary PWM mode or reset-
synchronized PWM mode)

4 Input capture/out- TIOCA4
put compare A4

I/0

GRA4 output compare/GRA4 input capture/PWM
output pin (in PWM mode, complementary PWM
mode or reset-synchronized PWM mode)

Input capture/out- TIOCB4
put compare B4

/0

GRB4 output compare/GRB4 input capture/PWM
output pin (in complementary PWM mode or reset-
synchronized PWM mode)

Output compare TOCXA4 1/O PWM output pin (in complementary PWM mode or
XA4 reset-synchronized PWM mode)
Output compare TOCXB4 /O PWM output pin (in complementary PWM mode or
XB4 reset-synchronized PWM mode)
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10.14

Register Configuration

Table 10.3 summarizes the ITU register configuration.

Table10.3 Register Configuration

Abbrevi- Initial Access
Channel Name ation R/W Value Address*!  Size
Shared Timer start register TSTR R/W H'EO/H'60 H'5FFFFO0 8
Timer synchro register TSNC R/W H'EO/H'60 H'5FFFF01 8
Timer mode register TMDR R/W H'80/H'00 H'5FFFF02 8
Timer function control register TFCR R/W H'CO/H'40 H'5FFFF03 8
Timer output control register TOCR R/W H'FF/H'7F H'5FFFF31 8
0 Timer control register 0 TCRO R/W H'80/H'00 H'5FFFF04 8
Timer 1/O control register 0 TIORO R/W H'88/H'08 H'5FFFF05 8
Timer interrupt enable TIERO R/W H'F8/H'78 H'5FFFF06 8
register 0
Timer status register 0 TSRO R/(W)*2 HF8/H'78 HSFFFFO7 8
Timer counter O TCNTO R/W H'00 H'5FFFFO8 8, 16, 32
H'5FFFF09 8, 16, 32
General register AO GRAO R/W H'FF H'5FFFFOA 8, 16, 32
H'5FFFFOB 8, 16, 32
General register BO GRBO R/W H'FF H'5FFFFOC 8, 16
H'5FFFFOD 8, 16
1 Timer control register 1 TCR1 R/W H'80/H'00 H'5FFFFOE 8
Timer I/O control register 1 TIOR1 R/W H'88/H'08 H'5FFFFOF 8
Timer interrupt enable TIER1 R/W H'F8/H'78 H'5FFFF10 8
register 1
Timer status register 1 TSR1 R/(W)*2 HF8/H78 HS5FFFF11 8
Timer counter 1 TCNT1 R/W H'00 H'5FFFF12 8, 16
H'5FFFF13 8, 16
General register A1 GRA1 R/W H'FF H'5FFFF14 8, 16, 32
H'5FFFF15 8, 16, 32
General register B1 GRB1 R/W H'FF H'5FFFF16 8, 16, 32
H'5FFFF17 8, 16, 32
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Table10.3 Register Configuration (cont)

Abbrevi- Initial Access
Channel Name ation R/W Value Address*l  Size
2 Timer control register 2 TCR2 R/W H'80/H'00 H'5FFFF18 8

Timer 1/O control register 2 TIOR2 R/W H'88/H'08 H'5FFFF19 8

Timer interrupt enable register TIER2 R/W H'F8/H'78 H'5FFFF1A 8

2

Timer status register 2 TSR2 R/(W)*2 HF8/H'78 HS5FFFF1B 8

Timer counter 2 TCNT2 R/W H'00 H'5FFFF1C 8, 16, 32
H'5FFFF1D 8, 16, 32

General register A2 GRA2 R/W H'FF H'5FFFF1E 8, 16, 32
H'5FFFF1F 8, 16, 32

General register B2 GRB2 R/W H'FF H'5FFFF20 8, 16
H'5FFFF21 8, 16

3 Timer control register 3 TCR3 R/W H'80/H'00 H'5FFFF22 8

Timer 1/O control register 3 TIOR3 R/W H'88/H'08 H'5FFFF23 8

Timer interrupt enable register TIER3 R/W H'F8/H'78 H'5FFFF24 8

3

Timer status register 3 TSR3 R/(W)*2 H'F8/H'78 HS5FFFF25 8

Timer counter 3 TCNT3 R/W H'00 H'5FFFF26 8, 16
H'5SFFFF27 8, 16

General register A3 GRA3 R/W H'FF H'5FFFF28 8, 16, 32
H'5FFFF29 8, 16, 32

General register B3 GRB3 R/W H'FF H'5FFFF2A 8, 16, 32
H'5FFFF2B 8, 16, 32

Buffer register A3 BRA3 R/W H'FF H'5FFFF2C 8, 16, 32
H'SFFFF2D 8, 16, 32

Buffer register B3 BRB3 R/W H'FF H'5FFFF2E 8, 16, 32
H'5FFFF2F 8, 16, 32

4 Timer control register 4 TCR4 R/W H'80/H'00 H'5FFFF32 8

Timer 1/O control register 4 TIOR4 R/W H'88/H'08 H'5FFFF33 8

Timer interrupt enable register TIER4 R/W H'F8/H'78 H'5FFFF34 8
4

Timer status register 4 TSR4 R/(W)*2 H'F8/H'78 HS5FFFF35 8
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Table10.3 Register Configuration (cont)

Abbrevi- Initial Access
Channel Name ation R/W Value Address*!  Size
4 (cont) Timer counter 4 TCNT4H R/W H'00 H'5FFFF36 8, 16
H'5FFFF37 8, 16
General register A4 GRA4H R/W H'FF H'5FFFF38 8, 16, 32
H'5FFFF39 8, 16, 32
General register B4 GRB4H R/W H'FF H'5FFFF3A 8, 16, 32
H'SFFFF3B 8, 16, 32
Buffer register A4 BRA4H R/W H'FF H'5FFFF3C 8, 16, 32
H'5FFFF3D 8, 16, 32
Buffer register B4 BRB4H R/W H'FF H'SFFFF3E 8, 16, 32

H'SFFFF3F 8, 16, 32

Notes: 1. Only the values of bits A27-A24 and A8—A0 are valid; bits A23—-A9 are ignored. For
details on the register addresses, see section 8.3.5, Description of Areas.

2. Write 0 to clear flags.

10.2 I1TU Register Descriptions

1021 Timer Start Register (TSTR)

Thetimer start register (TSTR) is an eight-bit read/write register that starts and stops the timer
counters (TCNT) of channels 0—4. TSTRisinitialized to H'EO or H'60 upon reset or standby
mode.

Bit. 7 6 5 4 3 2 1 0

Bitname:. — | — | — | STR4 | STR3 | STR2 | STR1 | STRO |
Initial value: * 1 1 0 0 0 0 0
RIW:  — — — RW RW RW RW RW

Note: Undefined

e Bits 7-5 (reserved): Cannot be modified. Bit 7 isread as undefined. Bits 6 and 5 are aways
read as 1. The write value to hit 7 should be 0 or 1, and the write value to bits 6 and 5 should
always be 1.
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e Bit 4 (count start 4 (STR4)): STR4 starts and stops TCNT4.

Bit 4: STR4 Description
0 TCNT4 is halted (initial value)
1 TCNTA4 is counting

e Bit 3 (count start 3 (STR3)): STR3 starts and stops TCNT3.

Bit 3: STR3 Description
0 TCNT3 is halted (initial value)
1 TCNT3 is counting

e Bit 2 (count start 2 (STR2)): STR2 starts and stops TCNT2.

Bit 2: STR2 Description
0 TCNT2 is halted (initial value)
1 TCNT2 is counting

e Bit 1 (count start 1 (STR1)): STR1 starts and stops TCNT1.

Bit 1: STR1 Description
0 TCNT1 is halted (initial value)
1 TCNT1 is counting

e Bit 0 (count start 0 (STRO)): STRO starts and stops TCNTO.

Bit 0: STRO Description
0 TCNTO is halted (initial value)
1 TCNTO is counting
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10.22  Timer Synchro Register (TSNC)

The timer synchro register (TSNC) is an eight-bit read/write register that selects timer
synchronizing modes for channels 0—4. Channels for which 1 is set to the corresponding bit will be
synchronized. TSNC isinitialized to H'EO or H'60 upon reset or standby maode.

Bit. 7 6 5 4 3 2 1 0
Bitname: | — | — | — | SYNC4| SYNC3| SYNC2 | SYNC1| SYNCO|
Initial value: * 1 1 0 0 0 0 0
RIW: — — — RW RW RW RW RW

Note: Undefined

e Bits 7-5 (reserved): Bit 7 isread as undefined. Bits 6 and 5 are alwaysread as 1. The write
value to bit 7 should be 0 or 1, and the write value to bits 6 and 5 should always be 1.

e Bit 4 (timer synchro 4 (SYNC4)): SYNCA4 selects the synchronizing mode for channel 4.

Bit 4: SYNC4 Description

0 The timer counter for channel 4 (TCNT4) operates independently
(Preset/clear of TCNT4 is independent of other channels) (initial value)

1 Channel 4 operates synchronously. Synchronized preset/clear of
TNCT4 enabled.

« Bit 3 (timer Synchro 3 (SYNC3)): SYNC3 selects the synchronizing mode for channel 3.

Bit 3: SYNC3 Description

0 The timer counter for channel 3 (TCNT3) operates independently
(Preset/clear of TCNT3 is independent of other channels) (initial value)

1 Channel 3 operates synchronously. Synchronized preset/clear of
TNCT3 enabled.

e Bit 2 (timer synchro 2 (SYNC2)): SYNC2 selects the synchronizing mode for channel 2.

Bit 2: SYNC2 Description

0 The timer counter for channel 2 (TCNT2) operates independently
(Preset/clear of TCNT2 is independent of other channels) (initial value)

1 Channel 2 operates synchronously. Synchronized preset/clear of
TNCT2 enabled.
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e Bit 1 (timer synchro 1 (SYNC1)): SYNC1 selects the synchronizing mode for channel 1.

Bit 1: SYNC1 Description

0 The timer counter for channel 1 (TCNT1) operates independently
(Preset/clear of TCNT1 is independent of other channels) (initial value)

1 Channel 1 operates synchronously. Synchronized preset/clear of
TNCT1 enabled.

e Bit O (timer synchro 0 (SYNCO0)): SYNCO selects the synchronizing mode for channel 0.

Bit 0: SYNCO Description

0 The timer counter for channel 0 (TCNTO) operates independently
(Preset/clear of TCNTO is independent of other channels) (initial value)

1 Channel 0 operates synchronously. Synchronized preset/clear of
TNCTO enabled.

10.2.3 Timer Mode Register (TMDR)

The timer mode register (TMDR) is an eight-bit read/write register that selects the PWM mode for
channels 04, sets the phase counting mode for channel 2, and sets the conditions for the overflow
flag (OVF). TMDRisinitialized to H'80 or H'00 by areset or the standby mode.

Bit. 7 6 5 4 3 2 1 0

Bitname:| — | MDF | FDIR | PWM4 | PWM3 | PWM2 | PWML | PWMO |
Initial value: * 0 0 0 0 0 0 0
RW:  — RW RW RW RW RW RW RW

Note: Undefined

« Bit 7 (reserved): Bit 7 isread as undefined. The write value should be O or 1.

* Bit 6 (phase counting mode (MDF)): MDF selects the phase counting mode for channel 2.

Bit 6: MDF Description
0 Channel 2 operates normally (initial value)
1 Channel 2 operates in phase counting mode
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When the MDF is set to 1 to select the phase counting mode, the timer counter (TCNT?2)
becomes an up/down counter and the TCLKA and TCLKB pins become count clock input
pins. TCNT2 counts on both the rising and falling edges of TCLKA and TCLKB, with the
increment/decrement chosen as follows:

Count

Direction Decrement Increment

TCLKA pin  Rising High Faling Low Rising High Falling Low
TCLKB pin L Rising  High Falling High Falling Low Rising

In the phase counting mode, selections for external clock edge made in the CKEG1 and
CKEGO bits of the timer control register 2 (TCR2) and the selection for counter clock made in
the TPSC2 —TPSCQO bits are ignored. The phase counting mode described above takes priority.
Settings for counter clear conditionsin the CCLR1 and CCLRO bits of TCR2 and settings for
timer 1/O control register 2 (TIOR2), timer interrupt enable register (TIER2) and timer status
register 2 (TSR2) compare match/input capture functions and interrupts, however, are valid
even in the phase counting mode.

e Bit 5 (flag direction (FDIR)): FDIR selects the setting condition for the overflow flag (OVF) in
timer status register 2 (TSR2). This bit is valid no matter which mode channel 2 is operating in.

Bit 5: FDIR Description

0 OVF of TSR2 is set to 1 when TCNT2 overflows or underflows (initial
value)

1 OVF of TSR2 is set to 1 when TCNT2 overflows

e Bit4 (PWM Mode 4 (PWM4)): PWM4 selects the PWM mode for channel 4. When the
PWM4 bit is set to 1 and the PWM mode entered, the TIOCA4 pin becomes a PWM output
pin. 1isoutput on a compare match of general register A4 (GRA4); 0 is output on a compare
match of general register B4 (GRB4). When the complementary PWM mode or reset-
synchronized PWM mode are set by the CMD1 and CMDO bits of the timer function control
register (TFCR), the setting of this bit isignored in favor of the settings of CMD1 and CMDO.

Bit 4: PWM4 Description
0 Channel 4 operates normally (initial value)
1 Channel 4 operates in PWM mode
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e Bit 3 (PWM Mode 3 (PWM3)): PWM 3 selects the PWM mode for channel 3. When the
PWM3 bit is set to 1 and the PWM mode entered, the TIOCA3 pin becomes a PWM output
pin. 1isoutput on acompare match of general register A3 (GRA3); 0 is output on a compare
match of genera register B3 (GRB3). When the complementary PWM mode or reset-
synchronized PWM mode are set by the CMD1 and CMDO bits of the timer function control
register (TFCR), the setting of thisbit isignored in favor of the settings of CMD1 and CMDO.

Bit 3: PWM3 Description
0 Channel 3 operates normally (initial value)
1 Channel 3 operates in PWM mode

e Bit2(PWM Mode 2 (PWM2)): PWM2 selects the PWM mode for channel 2. When the
PWM2 hit is set to 1 and the PWM mode entered, the TIOCA2 pin becomes a PWM output
pin. 1isoutput on acompare match of general register A2 (GRA2); 0 is output on a compare
match of general register B2 (GRB2).

Bit 2: PWM2 Description
0 Channel 2 operates normally (initial value)
1 Channel 2 operates in PWM mode

e Bit1(PWM Mode 1 (PWM1)): PWM1 selects the PWM mode for channel 1. When the
PWM1 bit is set to 1 and the PWM mode entered, the TIOCA 1 pin becomes a PWM output
pin. 1isoutput on acompare match of general register A1 (GRAL); O isoutput on a compare
match of general register B1 (GRB1).

Bit 1: PWM1 Description
0 Channel 1 operates normally (initial value)
1 Channel 1 operates in PWM mode

e Bit0(PWM Mode 0 (PWMOQ)): PWMO selects the PWM mode for channel 0. When the
PWMO bit is set to 1 and the PWM mode entered, the TIOCAO pin becomes a PWM output
pin. 1isoutput on acompare match of general register AO (GRAQ); O is output on a compare
match of general register BO (GRBO).

Bit 0: PWMO Description
0 Channel 0 operates normally (initial value)
1 Channel 0 operates in PWM mode
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10.24  Timer Function Control Register (TFCR)

The timer function control register (TFCR) is an 8-bit read/write register that selects
complementary PWM /reset-synchronized PWM for channels 3 and 4 and sets the buffer operation.
TFCRisinitialized on areset or standby mode to H'CO or H'40.

Bit. 7 6 5 4 3 2 1 0

Bitname:| — | — | CMDL | CMDO | BFB4 | BFA4 | BFB3 | BFA3 |
Initial value: * 1 0 0 0 0 0 0
RIW: — — RW RW RW RW RW RW

Note: Undefined

« Bits7 and 6 (reserved): Bit 7 isread as undefined. Bit 6 isawaysread as 1. The write value to
bit 7 should be 0 or 1. The write value to bit 6 should always be 1.

e Bits5and 4 (combination mode 1 and 0 (CMD1 and CMDQ)): CMD1 and CMDO select the
complementary PWM maode or reset-synchronized mode for channels 3 and 4. Set the
complementary PWM/reset-synchronized PWM mode while the timer counter (TCNT) being
used is off. When these bits are used to set the complementary PWM /reset-synchronized PWM
mode, they take priority over the PWM4 and PWM3 bits of the TMDR. While the
complementary PWM/reset-synchronized PWM mode settings and the SYNC4 and SYNC3 hit
settings of the timer synchro register (TSNC) are valid simultaneously, when the
complementary PWM mode is set, channels 3 and 4 should not be set to operate
simultaneously (SYNC 4 and SYNC 3 bits of TSNC should not both be set to 1).

Bit 5: CMD1 Bit 4: CMDO Description

0 0 Channels 3 and 4 operate normally (initial value)
1 Channels 3 and 4 operate normally
1 0 Channels 3 and 4 operate together in complementary PWM
mode
1 Channels 3 and 4 operate together in reset-synchronized
PWM mode

» Bit 3 (buffer mode B4 (BFB4)): BFB4 selects the buffer mode for GRB4 and BRB4 in channel
4.

Bit 3: BFB4 Description
0 GRB4 operates normally in channel 4 (initial value)
1 GRB4 and BRB4 operate in buffer mode in channel 4
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« Bit 2 (buffer mode A4 (BFA4)): BFA4 selects the buffer mode for GRA4 and BRA4 in
channel 4.

Bit 2: BFA4 Description
0 GRA4 operates normally in channel 4 (initial value)
1 GRA4 and BRA4 operate in buffer mode in channel 4

< Bit 1 (buffer mode B3 (BFB3)): BFB3 selects the buffer mode for GRB3 and BRB3 in channel
3.

Bit 1: BFB3 Description
0 GRB3 operates normally in channel 3 (initial value)
1 GRB3 and BRB3 operate in buffer mode in channel 3

« Bit O (buffer Mode A3 (BFA3)): BFA3 selects the buffer mode for GRA3 and BRA3 in
channel 3.

Bit 0: BFA3 Description
0 GRAS operates normally in channel 3 (initial value)
1 GRA3 and BRAS3 operate in buffer mode in channel 3

10.25 Timer Output Control Register (TOCR)

The timer output control register (TOCR) is an eight-bit read/write register that inverts the output
level of the complementary PWM mode/reset-synchronized PWM mode. Setting bits OLS3 and
OLSA isvadid in only the complementary PWM mode and reset-synchronized PWM mode. In
other output situations, these bits areignored. The TOCR isinitialized to H'FF or H'7F by areset
or in the standby mode.

Bit: 7 6 5 4 3 2 1 0

Bitname:| — | — | — | — | — | — | oLs4| oLs3 |
Initial value: * 1 1 1 1 1 1 1
R/W: — — — — — — R/W R/W

Note: Undefined

* Bits7-2 (reserved): Bit 7 isread as undefined. Bits 6-2 are always read as 1. The write value
to bit 7 should be 0 or 1. The write value to bits 6-2 should always be 1.
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e Bit 1 (output level select 4 (OL4)): OL A selects the output level of the complementary PWM
mode or reset-synchronized PWM mode.

Bit 1: OLS4 Description
0 TIOCA3, TIOCA4, and TIOCB4 are inverted and output
1 TIOCA3, TIOCA4, and TIOCB4 are output directly (initial value)

e Bit 0 (output level select 3 (OLS3)): OL S3 selects the output level of the complementary PWM
mode or reset-synchronized PWM mode.

Bit 0: OLS3 Description
0 TIOCB3, TOCXA4, and TOCXB4 are inverted and output
1 TIOCB3, TOCXA4, and TOCXB4 are output directly (initial value)

10.26  Timer Counters(TCNT)
The ITU hasfive 16-bit timer counters (TCNT), one for each channel (table 10.4).

Each TCNT is a 16-bit read/write counter that counts by input from a clock source. The clock
source is selected by timer prescalar bits 2-0 (TPSC2-TPSCO) in the timer control register (TCR).

TCNTO and TCNT 1 are strictly upcounters. Up/down counting occurs for TCNT2 when the phase
counting mode is selected, or for TCNT3 and TCNT 4 when complementary PWM modeis
selected. In other modes, they are upcounters.

The TCNT can be cleared to H'0000 by compare match with the corresponding general register A
or B (GRA, GRB) or input captureto GRA or GRB (counter clear function).

When the TCNT overflows (changes from H'FFFF—H'0000), the overflow flag (OVF) in the timer
status register (TSR) is set to 1. The OVF of the corresponding channel TSR is also set to 1 when
the TCNT underflows (changes from H'0000-H'FFFF).

The TCNT is connected to the CPU by a 16-hit bus, so it can be written or read by either word
access or byte access. The TCNT isinitialized to H'0000 by areset or in standby mode.
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Table10.4 Timer Counters(TCNT)

Channel Abbreviation Function

0 TCNTO Increment counter
1 TCNT1
2 TCNT2 Phase counting mode: Increment/decrement
All others: Increment
TCNT3 Complementary PWM mode: Increment/decrement
4 TCNT4 All others: Increment
Bit: 15 14 13 12 11 10 9 8
Bit name: ] ] | ] |
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
Bit name: | | | | | | | | |
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

10.2.7 General RegistersA and B (GRA and GRB)

Each of the five ITU channels has two 16-bit general registers (GR) for atotal of ten registers
(table 10.5).

Each GR is a 16-bit read/write register that can function as either an output compare register or an
input capture register. The function is selected by settings in the timer 1/O control register (TIOR).

When a general register (GRA/GRB) is used as an output compare register, its value is constantly
compared with the timer counter (TCNT) value. When the two values match (compare match), the
IMFA/IMFB bit is set to 1 in the timer status register (TSR). If compare match output is selected
inthe TIOR, a specified value is output at the output compare pin.

When ageneral register is used as an input capture register, an external input capture signal is
detected and the TCNT valueis stored. The IMFA/IMFB bit of the corresponding TSR issetto 1
at the same time. The valid edge or edges of the input capture signal are selected in the TIOR. The
TIOR setting isignored when set for the PWM mode, complementary PWM mode or reset-
synchronized PWM mode.
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General registers are connected to the CPU by a 16-bit bus, so general registers can be written or
read by either word access or byte access. General registers are initialized to the output compare
register (no pin output) by areset or in standby mode. The initial value is H'FFFF.

Table10.5 General RegistersA and B (GRA and GRB)

Channel Abbreviation Function

0 GRAO, GRBO Output compare/input capture dual register
1 GRA1, GRB1
2 GRA2, GRB2
3 GRAS3, GRB3 Output compare/input capture dual register. Can also be set for
4 GRA4. GRB4 buffer operation in combination with the buffer registers (BRA, BRB)
Bit: 15 14 13 12 11 10 9 8
seme: [ ||| [ ]
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
Bit name: ‘ ’ ‘ ‘ ‘ ‘ ’ ‘
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

10.2.8 Buffer Registers A and B (BRA, BRB)

Each buffer register is a 16-bit read/write register that is used in the buffer mode. The ITU has
four buffer registers, two each for channels 3 and 4 (table 10.6). Buffer operation can be set
independently by the timer function control register (TFCR) bits BFB4, BFA4, BFB3, and BFB3
bits. The buffer registers are paired with the general registers and their function changes
automatically to match the function of its corresponding general register.

The buffer registers are connected to the CPU by a 16-bit bus, so they can be written or read by
either word or byte access. Buffer registers areinitialized to H'FFFF by areset or in standby mode.
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Table10.6 Buffer RegistersA and B (BRA, BRB)

Channel Abbreviation Function

3 BRAS, BRB3 When used for buffer operation:

4 BRA4, BRB4 When the corresponding GRA and GRB are output compare
registers, the buffer registers function as output compare buffer
registers that can automatically transfer the BRA and BRB values to
GRA and GRB upon a compare match.

When the corresponding GRA and GRB are input capture registers,
the buffer registers function as input capture buffer registers that can
automatically transfer the values stored until an input capture in the
GRA and GRB to the BRA and BRB.

Bit: 15 14 13 12 11 10 9 8
Bit name: ‘ ‘ ‘ ’ ‘ ‘ ‘ ‘
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
Bit name: ‘ ’ ‘ ’ ‘ ‘ ’ ‘
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

10.29 Timer Control Register (TCR)

The TCR is an 8-hit read/write register that selects the timer counter clock, the edges of the
external clock source, and the counter clear source. Each ITU channel hasone TCR. TCR is
initialized H'80 or H'00 by areset or the standby mode (table 10.7).

Table10.7 Timer Control Register (TCR)

Abbre-
Channel viation Function
0 TCRO The TCR controls the TCNTs. The TCRs have the same functions on all
1 TCR1 channels. When channel 2 is set for phase counting mode, setting the
CKEG1, CKEG2 and TPSC2-TPSCO bits will have no effect.
2 TCR2
3 TCR3
4 TCR4
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Bit: 7 6 5 4 3 2 1 0

Bit name: ‘ — ] CCLRl‘ CCLRO \ CKEGl‘ CKEGO ‘ TPSC2 ] TPSC1 \ TPSCO \
Initial value: * 0 0 0 0 0 0 0
RIW: — RW RW RW RW RW RW RW

Note: Undefined

e Bit 7 (reserved): Bit 7 isread as undefined. The write value should be O or 1.

« Bits6and 5 (counter clear 1 and 0 (CCLR1 and CCLRO0)): CCLR1 and CCLRO select the
counter clear source.

Bit 6: Bit5:
CCLR1 CCLRO Description
0 0 TCNT is not cleared (initial value)
1 TCNT is cleared by general register A (GRA) compare match or input capture*!
1 0 TCNT is cleared by general register B (GRB) compare match or input capture*!
1 Synchronizing clear: TCNT is cleared in synchronization with clear of other

timer counters operating in sync.*2

Notes: 1. When GR is functioning as an output compare register, TCNT is cleared upon a
compare match. When functioning as an input capture register, TCNT is cleared upon
input capture.

2. The timer synchro register (TSNC) set the synchronization.

e Bits4 and 3 (external clock edge 1/0 (CKEGL1 and CKEGO0)): CKEG1 and CKEGO select
external clock input edges. When channel 2 is set for phase counting mode, settings of the
CKEG1 and CKEGO of the TCR are ignored and the phase counting mode operation takes
priority.

Bit4: Bit3:
CKEG CKEG Description
1 0
0 0 Count rising edges (initial value)
1 Count falling edges
1 — Count both rising and falling edges

e Bits2-0 (timer prescalar 2-0 (TPS2-TPS0)): TPS2-TPS0 select the counter clock source.
When TPSC2 = 0 and an internal clock source is selected, the timer counts only falling edges.
When TPSC2 = 1 and an external clock is selected, the count edge is as set by CKEG1 and
CKEGO. When the phase counting mode is selected for channel 2 (MDF bit in the timer mode
register is 1), the settings of TPSC2—TPSCO of TCR2 are ignored and the phase counting
operation takes priority.
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Bit 2: Bit 1:
TPSC2 TPSC1

Bit O:
TPSCO Counter Clock (and cycle when ¢ =10 MHz)

0 0 0 Internal clock @ (initial value)
1 Internal clock @/2
1 0 Internal clock @/4
1 Internal clock ¢/8
1 0 0 External clock A (TCLKA)
1 External clock B (TCLKB)
1 0 External clock C (TCLKC)
1 External clock D (TCLKD)

10.2.10 Timer I/O Control Register (TIOR)

Thetimer 1/O control register (TIOR) is an eight-bit read/write register that selects the output
compare or input capture function for the general registers GRA and GRB. It also selectsthe
function of the TIOCA and TIOCB pins. If output compare is selected, the TIOR also selectsthe
output settings. If input capture is selected, the TIOR also select the input capture edges. TIOR is
initialized to H'88 or H'08 on areset or standby mode. Each ITU channel has one TIOR (table

10.8).

Table10.8 Timer 1/O Control Register (TIOR)

Abbre-
Channel viation Function
0 TIORO  The TIOR controls the GRs. Some functions vary during PWM. When
1 TIOR1 channels 3 and 4 are set for complementary PWM mode/reset-synchronized
PWM mode, TIOR3 and TIOR4 settings are not valid.
2 TIOR2
3 TIOR3
4 TIOR4
Bit: 7 6 5 4 3 2 1 0
Bitname:| — | I0B2 | IOBL | 10BO | — | I0A2 | IOAL | I0AO |
Initial value: * 0 0 0 1 0 0 0
R/W: — R/W R/W R/W — R/W R/W R/W

Note: Undefined

e Bit 7 (reserved): Bit 7 isread as undefined. The write value should be O or 1.
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¢ Bits6-4 (1/O control B2—B0 (10B2-10B0)): 10B2- OBO0 selects the GRB function.

Bit6: Bit5: Bit4:
10B2 I0B1 I0BO

GRB Function

0 0 0 GRB is an Compare match with pin output disabled (initial value)
1 OUtPUt compare g output at GRB compare match*1
register
1 0 1 output at GRB compare match*!
1 Output toggles at GRB compare match (1 output for
channel 2 only)*1:*2
1 0 0 GRB is an GRB captures rising edge of input
1 Input capture  Grp captures falling edge of input
register -
1 0 GRB captures both edges of input
1

Notes: 1. After reset, the value output is O until the first compare match occurs.

2. Channel 2 has no compare-match driven toggle output function. If it is set for toggle, 1
is automatically selected as the output.

* Bit 3 (reserved): Bit 3 aways reads as 1. The write value should always be 1.

e Bits2-0 (1/O control A2-A0 (I0A2-10AQ)): IOA2-OAO select the GRB function.

Bit2: Bitl: BitO:
I0A2 I0A1 IOAO

GRA Function

0 0 0 GRAis an Compare match with pin output disabled (initial value)
1 OUtPUt compare g output at GRA compare match*1
register
1 0 1 output at GRA compare match*!
1 Output toggles at GRA compare match (1 output for
channel 2 only)*1:*2
1 0 0 GRA is an GRA captures rising edge of input
1 Input capture  GRrA captures falling edge of input
register -
1 0 GRA captures both edges of input
1

Notes: 1. After reset, the value output is 0 until the first compare match occurs.

2. Channel 2 has no compare-match driven toggle output function. If it is set for toggle, 1
is automatically selected as the output.
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10.211 Timer Status Register (TSR)

Thetimer status register (TSR) is an eight-bit read/write register containing flags that indicate
timer counter (TCNT) overflow/underflow and general register (GRA/GRB) compare match or
input capture. These flags are interrupt sources. If the interrupt is enabled by the corresponding bit
in the timer interrupt enable register (TIER), an interrupt is requested of the CPU. TSR is
initialized by areset or standby mode to H'F8 or H'78. Each ITU channel has one TSR (table
10.9).

Table10.9 Timer Status Register (TSR)

Channel Abbreviation Function
0 TSRO The TSR indicates input capture, compare match and
1 TSR1 overflow status.
2 TSR2
3 TSR3
4 TSR4
Bit: 7 6 5 4 3 2 1 0
Bitname:, — | — | — | — | — | OVF | IMFB | IMFA |
Initial value: *1 1 1 1 1 0 0 0
RIW: — — — — — RI(W)*2  R/(W)*2  R/(W)*2

Notes: 1. Undefined
2. Write 0 to clear the flag.

» Bits7-3 (reserved): Bit 7 isread as undefined. Bits 63 are alwaysread as 1. The write value
to bit 7 should be 0 or 1. The write value to bits 6-3 should always be 1.

* Bit2 (overflow flag (OVF)): OVF indicatesa TCNT overflow/underflow has occurred.

Bit 2: OVF Description

0 Clearing condition: Read OVF when OVF = 1, then write 0 in OVF
(initial value)

1 Setting condition: TCNT overflowed from H'FFFF-H'0000 or

underflowed from H'0000-H'FFFF.

Note: A TCNT underflow occurs when the TCNT up/down counter is functioning. It may occur in
the following cases: (1) When channel 2 is set in the phase counting mode (MDF bit of
TMDR is 1), or (2) When channel 3 and 4 are set to the complementary PWM mode (CMD1
bit of TFCR is 1 and CMDO bit is 0).
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e Bit 1 (input capture/compare match B (IMFB)): IMFB indicates a GRB compare match or
input capture.

Bit 1: IMFB Description

0 Clearing condition: Read IMFB when IMFB = 1, then write 0 in IMFB
(initial value)

1 Setting condition:

» GRB is functioning as an output compare register and TCNT = GRB

* GRB is functioning as an input capture register and the value of
TCNT is transferred to GRB by an input capture signal

* Bit 0 (input capture/compare match A (IMFA)): IMFA indicates a GRA compare match or
input capture.

Bit 0: IMFA Description

0 Read IMFA when IMFA = 1, then write 0 in IMFA (initial value).
Clearing condition: DMAC is activated by an IMIA interrupt (only
channels 0-3)

1 Setting condition:
* GRA is functions as an output compare register and TCNT = GRA

* GRA is functioning as an input capture register and the value of
TCNT is transferred to GRA by an input capture signal

10.2.12 Timer Interrupt Enable Register (TIER)

Thetimer status interrupt enable register (TIER) is an eight-bit read/write register that controls
enabling/disabling of overflow interrupt requests and general register compare match/input capture
interrupt requests. TIER isinitialized by areset or standby mode to H'F8 or H'78. Each ITU
channel hasone TIER (table 10.10).

Table 10.10 Timer Interrupt Enable Register (TIER)

Channel Abbreviation Function

0 TIERO The TIER controls interrupt enable/disable.
1 TIER1

2 TIER2

3 TIER3

4 TIER4
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Bit: 7 6 5 4 3 2 1 0

Bitname:‘ — \ — ‘ — ] — \ — ‘ OVIE \ IMIEB‘ IMIEA ]
Initial value: * 1 1 1 1 0 0 0
RIW:  — — — — — RW RW  RW

Note: Undefined

» Bits7-3 (reserved): Bit 7 isread as undefined. Bits 6-3 are always read as 1. The write value
to bit 7 should be 0 or 1. The write value to bits 6-3 should always be 1.

» Bit 2 (overflow interrupt enable (OVIE)): When the TSR overflow flag (OVF) isset to 1,
OVIE enables or disables interrupt requests from the OVF.

Bit 2: OVIE Description
0 Disables interrupt requests by the OVF (initial value)
1 Enables interrupt requests from the OVF

e Bit 1 (input capture/compare match interrupt enable B (IMIEB)): When the IMFB bit of the
TSRissetto 1, IMIEB enables or disables the interrupt requests from the IMFB.

Bit 1: IMIEB Description
0 Disables interrupt requests by the IMFB (IMIB) (initial value)
1 Enables interrupt requests from the IMFB (IMIB)

« Bit 0 (input capture/compare match interrupt enable A (IMIEA)): When the IMFA hit of the
TSRissetto 1, IMIEA enables or disables the interrupt requests from the IMFA.

Bit 0: IMIEA Description
0 Disables interrupt requests by the IMFA (IMIA) (initial value)
1 Enables interrupt requests from the IMFA (IMIA)

10.3 CPU Interface

10.31  16-Bit Accessible Registers

The timer counters (TCNT), generd registers A and B (GRA, GRB), and buffer registers A and B
(BRA, BRB) are 16-hit registers. The SH CPU can access these registers aword at atime using a
16-hit data bus. Byte accessis also possible. Read and write operations performed on the TCNT in
word units are shown in figures 10.6 and 10.7. Byte-unit read and write operations on TCNTH and
TCNTL are shown in figures 10.8-10.11.
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Figure10.8 Accessing TCNT (CPU-TCNT (upper byte))
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Figure10.11 Accessing TCNT (TCNT-CPU (lower byte))

10.3.2  8-Bit Accessible Registers

All registers other than the TCNT, general registers, and buffer registers are 8-bit registers. These
are connected to the CPU by an 8-bit data bus. Figures 10.12 and 10.13 illustrate reading and
writing in byte units with the timer control register (TCR). These registers must be accessed by

byte access.
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Figure10.13 TCR Access (TCR—-CPU)
104  Description of Operation

1041 Overview
The operation modes are described below.

Ordinary Operation: Each channel has atimer counter (TCNT) and general register (GR). The
TCNT isan upcounter and can also operate as a free-running counter, periodic counter or external
event counter. General registers A and B (GRA and GRB) can be used as output compare registers
or input capture registers.

Synchronized Operation: The TCNT of achannel set for synchronized operation does a
synchronized preset. When any TCNT of achannel operating in the synchronized modeis
rewritten, the TCNTs of other channels are simultaneously rewritten as well. The CCLR1 and
CCLRO bits of the timer control register of multiple channels set for synchronous operation can be
set to clear the TCNTs simultaneously.
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PWM Mode: In PWM mode, a PWM waveform is output from the TIOCA pin. Output becomes
1 upon compare match A and 0 upon compare match B. GRA and GRB can be set so that the
PWM waveform output has a duty cycle between 0% and 100%. When set for PWM mode, the
GRA and GRB automatically become output compare registers.

Reset-synchronized PWM Mode: Three pairs of positive and negative PWM waveforms can be
obtained using channels 3 and 4 (the three phases of the PWM waveform share atransition point
on one side). When set for reset-synchronized PWM mode, GRA3, GRB3, GRA4, and GRB4
automatically become output compare registers. The TIOCAS3, TIOCB3, TIOCA4, TOCXAA4,
TIOCB4, and TOCXB4 pins also automatically become PWM output pins and TCNT3 becomes
an upcounter. TCNT4 functions independently (although GRA and GRB are isolated from
TCNTA4).

Complementary PWM Mode: Three pairs of complementary positive and negative PWM
waveforms whose positive and negative phases do not overlap can be obtained using channels 3
and 4. When set for complementary PWM mode, GRA3, GRB3, GRA4, and GRB4 automatically
become output compare registers. The TIOCA3, TIOCB3, TIOCA4, TOCXA4, TIOCB4, and
TOCXB4 pins a so automatically become PWM output pins while TCNT3 and TCNT4 become
upcounters.

Phase Counting Mode: In phase counting mode, the phase differential between two clocks input
from the TCLKA and TCLKB pinsis detected and the TCNT2 operates as an up/downcounter. In
phase counting mode, the TCLKA and TCLKB pins become clock inputs and TCNT2 functions as
an up/downcounter.

Buffer Mode:

*  When GR is an output compare register: The BR value of each channel istransferred to the GR
when a compare match occurs.

«  When GRisan input capture register: The TCNT value is transferred to the GR when an input
capture occurs and simultaneously the value previously stored in the GR is transferred to the
BR.

e Complementary PWM mode: When the TCNT3 and TCNT4 change count directions, the BR
valueistransferred to the GR.

* Reset-synchronized PWM mode: The BR value istransferred to GR upon a GRA3 compare
match.

10.4.2 Basic Functions

Counter Operation: When a start bit (STRO-STR4) in the timer start register (TSTR) issetto 1,
the corresponding timer counter (TCNT) starts counting. There are two counting modes:. a free-
running mode and a periodic mode.
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» Procedure for selecting counting mode (figure 10.14):

1. Set bits TPSC2-TPSCO in the TCR to select the counter clock source. If an external clock
source is selected, set bits CKEG1 and CKEGO in the TCR to select the desired edges of
the external clock signal.

2. To operate as a periodic counter, set CCLR1 and CCLRO in the TCR to select whether to
clear the TCNT at GRA compare match or GRB compare match.

3. Set the GRA or GRB selected in step 2 as an output compare register using the timer 1/0
control register (TIOR).

4. Writethe desired cycle value in the GRA or GRB selected in step 1.

5. Setthe STR hitinthe TSTR to 1 to start counting.

< Counting mode selection >
I

Select counter clock 1)
. No
Counting?
Yes

( Periodic counter > < Free-running counter >

Select counter
clear source @
I
Select output 3
compare register ®)
I
Set period (4)
Start counting 5) Start counting 5)
Periodic counter Free-running counter

Figure10.14 Procedurefor Selecting the Counting M ode
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Free-running count and periodic count

A reset of the counters for channels 04 leaves them all in the free-running mode. When a
corresponding bit in the TSTR is set to 1, the corresponding timer counter operates as a free-
running counter and begins to increment. When the count wraps around from H'FFFF-H'0000,
the overflow flag (OVF) in the timer status register (TSR) is set to 1. If the OVIE bit in the
timer’s corresponding interrupt enable register (TIER) is set to 1, the CPU will be asked for an
interrupt. After the TCNT overflows, counting continues from H'0000. Figure 10.15 shows an
example of free-running counting.

Periodic counter operation is obtained for agiven channel’s TCNT by selecting compare match
asaTCNT clear source. (Set the GRA or GRB for period setting to output compare register
and select counter clear upon compare match using the CCLR1 and CCL RO bits of the timer
control register (TCR).) After setting, the TCNT begins incrementing as a periodic counter
when the corresponding bit of TSTRis set to 1. When the count matches GRA or GRB, the
IMFA/IMFB bit inthe TSR is set to 1 and the counter is automatically cleared to H'0000. If the
IMIEA/IMIEB hit of the corresponding TIER is set to 1 at this point, the CPU will be asked for
an interrupt. After the compare match, TCNT continues counting from H'0000. Figure 10.16
shows an example of periodic counting.

TCNT value

e ‘ ................................ ‘ ................

H'0000

STRO-STR4 |
OVF | ,—,7

Figure10.15 Free-Running Counter Operation
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TCNT value Counter cleared by
GR compare match

H'0000

STRO-STR4 |
IMF ,—,7

» Time

Figure10.16 Periodic Counter Operation
e TCNT counter timing

Internal clock source: Bits TPSC2-TPSCO in the TCR select the system clock (CK) or one of
threeinternal clock sources (¢/2, ¢/4, (/8) obtained by prescaling the system clock. Figure
10.17 shows the timing.

External clock source: The external clock input pin (TCLKA-TCLKD) source is selected by
bits TPSC2-TPSCO0 in the TCR and its valid edges are selected with the CKEG1 and CKEGO
bits of the TCR. Therising edge, falling edge, or both edges can be selected. The pulse width
of the external clock signal must be at least 1.5 system clocks when asingle edge is selected
and at least 2.5 system clocks when both edges are selected. Shorter pulses will not be counted
correctly. Figure 10.18 shows the timing when both edges are detected.

= S o I o 0 0 I N B O O

Internal clock —I \ 5 | | Z
TCNT input
clock ; P I

U U

TCNT value N-1 X N X N+1

Figure10.17 Count Timing for Internal Clock Sources
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= g I g O

External clock | |_
input pin 2 5 2
TCNT input ,—l ,—l
clock &
TCNT N-1 N N N N+1

Figure10.18 Count Timing for External Clock Sources

Compare-M atch Waveform Output Function: For ITU channels 0, 1, 3, and 4, the output from
the corresponding TIOCA and TIOCB pins upon compare matches A and B can bein three
modes:. O-level output, 1-level output, or toggle. Toggle output cannot be selected in channel 2.

* Procedure for selecting the waveform output mode (figure 10.19):

1. Setthe TIOR to select O output, 1 output, or toggle output for compare match output. The
compare match output pin will output O until the first compare match occurs.

2. Setavalueinthe GRA or GRB to select the compare match timing.

3. Setthe STR bitinthe TSTR to 1 to start counting.

< Output selection >

Select waveform
out] (1)
put mode

Select
output timing
I
Start counting 3)

.

Waveform output

)

Figure10.19 Procedurefor Selecting the Compare Match Waveform Output M ode
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* Waveform output operation

Figure 10.20 illustrates O output/1 output. In the example, TCNT is afree-running counter, O is

output upon compare match A and 1 is output upon

matches the set level, the pin level does not change.

compare match B. When the pin level

Figure 10.21 shows an example of toggle output. In the figure, the TCNT operates as a
periodic counter cleared by GRB compare match with toggle output at both compare match A

and compare match B.

TCNT value
A
H'FFFF .........................................................................................................................
GRB ......................... R R SE RS (IAERREEEEIELELER RN
GRA ............ ...................... ............. ............................................................
A > Time
S S
TioCB Does not change Does not change 1 output
TIOCA /_\ m
/ -/
Does not change Does not change 0 output

Figure10.20 Example of 0 Output/1 Output
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Counter cleared at

TCNT value / GRB compare match
GRB A ...............................................................................................................
GRA .................. .................................... AR ....................
» Time
TIOCB Toggle
- ! : : output

TIOCA ' Toggle
: L output

Figure10.21 Example of Toggle Output
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Compare match output timing

The compare match signal is generated in the last state in which the TCNT and the general
register match (when the TCNT changes from the matching value to the next value). When a
compare match signal is generated, the output value set in TIOR is output to the output
compare pin (TIOCA, TIOCB). Accordingly, when the TCNT matches a general register, the
compare match signal is not generated until the next counter clock pulse. Figure 10.22 shows
the output timing of the compare match signal.

< S I U B i B
T ek [ ]

TCNT N X N-1
GR N
Compare
match signal
TIOCA
TIOCB ><

Figure10.22 Compare Match Signal Output Timing
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Input Capture Mode: In the input capture mode, the counter value is captured into a general
register when the input edge is detected at an input capture/output compare pin (TIOCA, TIOCB).
Detection can take place on the rising edge, falling edge, or both edges. Pulse width and cycle can
be measured by using the input capture function.

* Procedure for selecting the input capture mode (figure 10.23)

1. Set the TIOR to select the input capture function of the GR and select the rising edge,
falling edge, or both edges as the input edge of the input capture signal. Put the
corresponding port into input-capture using the pin function controller before setting the
TIOR.

2. Setthe STRhitinthe TSTRto 1 to start the TCNT counting.

( Input selection >

Select input-capture input

Start counting

v

Capture

Figure10.23 Procedurefor Selecting Input Capture Mode
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 Input capture operation

Figure 10.24 illustrates input capture. The falling edge of TIOCB and both edges of TIOCA
are selected as input capture edges. In the example, TCNT is set to clear at the input capture of
GRB.

TCNT Counter cleared
value by TIOCB input
/ (falling edge)
H'OL8O0 | oo e[ ) e
H'0160 ............................................

» Time

TIOCA

GRA >< H'0005 >< H'02160 ><
? v

GRB >< >< H'0180

Figure10.24 Input Capture Operation
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Input capture timing

Input capture on the rising edge, falling edge, or both edges can be selected by settingsin the
TIOR. Figure 10.25 shows the timing when the rising edge is sel ected. The pulse width of the
input capture signal must be at least 1.5 system clocks for single-edge capture, and 2.5 system
clocks for capture of both edges.

CK

Input capture
input

Input capture

signal

TCNT

GRA/GRB

|

L

X N

Figure10.25 Input Capture Signal Timing
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10.4.3  Synchronizing Mode

In the synchronizing mode, two or more timer counters can be rewritten simultaneously
(synchronized preset). Multiple timer counters can also be cleared simultaneously using TCR
settings (synchronized clear). The synchronizing mode can increase the general registersfor a
single time base. All five channels can be set for synchronous operation.

Procedurefor Selecting the Synchronizing M ode (figure 10.26):

1. Set1inthe SYNC hit of the timer synchro register (TSNC) to use the channelsin the
synchronizing mode.

2. When avalueiswritteninthe TCNT in any of the synchronized channels, the same valueis
simultaneously written in the TCNT in the other channels.

3. Set the counter to clear with compare match/input capture using bits CCLR1 and CCLRO in the
TCR.

4. Set the counter clear source to synchronized clear using the CCLR1 and CCLRO hits.

5. Setthe STR bhitsin the TSTR to 1 to start counting in the TCNT.

Select synchronizing
mode

[
| Set synchronizing mode | (1)
[

[ ]
< Synchronized preset> < Synchronized clear>

Channel that No
generated clear
Set TCNT ) source?
Yes
Select counter ©)] Select counter (4)
clear source clear source
I
Start counting |(5) | Start counting (5)
\/
Synchronizing preset i
Counter clear Synchronized clear

Figure10.26 Procedurefor Selecting the Synchronizing Mode
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Synchronized Operation: Figure 10.27 shows an example of synchronized operation. Channels
0, 1, and 2 are set to synchronized operation and PWM output. Channel O is set for a counter clear
upon compare match with GRBO. Channels 1 and 2 are set for counter clears by synchronizing
clears. Accordingly, their timers are sync preset, then sync cleared by a GRBO compare match,
and then a three-phase PWM waveform is output from the TIOCAO, TIOCA1 and TIOCA2 pins.
See section 10.4.4, PWM Mode, for details on the PWM mode.

TCNTO-TCNTZ2 values
A

Synchronized clear on GRBO compare match

GRBO
GRB1
GRAO
GRB2 (i o
srAt| ol Lo
SR 0 0 O V8 T T

TIOCAO n
TIOCAL

TIOCA2

Figure 10.27 Synchronized Operation Example
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1044 PWM Mode

The PWM mode is controlled using both the GRA and GRB in pairs. The PWM waveform is
output from the TIOCA output pin. The PWM waveform’s 1 output timing is set in GRA and the 0
output timing is set in GRB. A PWM waveform with duty cycle between 0% and 100% can be
output from the TIOCA pin by having either compare match GRA or GRB be the counter clear
source for the timer counter. All five channels can be set to PWM mode.

Table 10.11 lists the combinations of PWM output pins and registers. Note that when the GRA
and GRB are set to the same value, the output will not change even if a compare match occurs.

Table 10.11 Combinations of PWM Output Pinsand Registers

Channel Output Pin 1 Output 0 Output
0 TIOCAO GRAO GRBO
1 TIOCA1 GRA1l GRB1
2 TIOCA2 GRA2 GRB2
3 TIOCA3 GRA3 GRB3
4 TIOCA4 GRA4 GRB4

Procedurefor Selecting the PWM Mode (figure 10.28):

1

g s w D

Set bits TPSC2-TPSCO in the TCR to select the counter clock source. If an external clock
sourceis selected, set bits CKEG1 and CKEGO in the TCR to select the desired edges of the
external clock signal.

Set CCLR1 and CCLRO in the TCR to select the counter clear source.

Set the time at which the PWM waveform should go to 1 in the GRA.

Set the time at which the PWM waveform should go to 0 in the GRB.

Set the PWM bit in TMDR to select the PWM mode. When the PWM mode is selected,
regardless of the contents of TIOR, the GRA and GRB become output compare registers
specifying the times at which the PWM waveform goes high and low. TIOCA automatically
becomes a PWM output pin. TIOCB becomes whatever is set in the TIOR's IOB1 and IOB0O
bits.

Set the STR bitin the TSTR to let the TCNT start counting.

258 RENESAS



< PWM mode >

Select counter clock 1)
Select counter clear source )
Set GRA (3)
Set GRB 4)
Select PWM mode (5)
Start counting (6)
!
PWM mode

Figure 10.28 Procedurefor Selectingthe PWM Mode

PWM M ode Operation: Figure 10.29 illustrates PWM mode operations. When the PWM mode
is set, the TIOCA pin becomes the output pin. Output is 1 when the TCNT matches the GRA, and
0 when the TCNT matches the GRB. The TCNT can be cleared by compare match with either
GRA or GRB. This can be used in both free-running and synchronized operation.

Figure 10.30 shows examples of PWM waveforms output with 0% and 100% duty cycles. A 0%
duty waveform can be obtained by setting the counter clear source to GRB and then setting GRA
to alarger value than GRB. A 100% duty waveform can be obtained by setting the counter clear
source to GRA and then setting GRB to alarger value than GRA.
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TCNT value

GRA

GRB

TIOCA

A

Counter cleared by GRA compare match

a. Counter cleared by GRA

TCNT value

GRB

GRA

TIOCA

A

Counter cleared by GRB compare match

b. Counter cleared by GRB

Figure 10.29 PWM Mode Operation Example 1
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TCNT value

N ;/Counter cleared on compare match B
GRB ——————————- 7 %, [ Ittt
GRA |~ A
| | AR
|
. e
[ [ \ }
H'0000 : : —
| o o |
| | | } | | |
| | |
TIOCA | L L
GRA write GRA write
a. 0% duty
TCNT value

A

¥Counter cleared on compare match A

GRA

GRB

H'0000

TIOCA

» Time

GRB write GRB write

b. 100% duty

Figure10.30 PWM M ode Operation Example 2
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1045 Reset-Synchronized PWM Mode

In the reset-synchronized PWM mode, three pairs of complementary positive and negative PWM
waveforms that share a common wave turning point can be obtained using channels 3 and 4. When
set for reset-synchronized PWM mode, the TIOCA3, TIOCB3, TIOCA4, TOCXA4, TIOCB4, and
TOCXB4 pins automatically become PWM output pins and TCNT3 becomes an upcounter. Table
10.12 shows the PWM output pins used and table 10.13 shows the settings of the registers used.

Table 10.12 Output Pinsfor Reset-Synchronized PWM Mode

Channel Output Pin Description
3 TIOCA3 PWM output 1
TIOCB3 PWM output 1' (negative-phase waveform of PWM output 1)
4 TIOCA4 PWM output 2
TOCXA4 PWM output 2' (negative-phase waveform of PWM output 2)
TIOCB4 PWM output 3
TOCXB4 PWM output 3' (negative-phase waveform of PWM output 3)

Table 10.13 Register Settingsfor Reset-Synchronized PWM M ode

Register  Description of Contents

TCNT3 Initial setting of H'0000

TCNT4 Not used (functions independently)

GRA3 Set count cycle for TCNT3
GRB3 Sets the turning point for PWM waveform output by the TIOCA3 and TIOCB3 pins
GRA4 Sets the turning point for PWM waveform output by the TIOCA4 and TOCXA4 pins

GRB4 Sets the turning point for PWM waveform output by the TIOCB4 and TOCXB4 pins

Procedurefor Selecting the Reset-Synchronized PWM Mode (figure 10.31):

1. Clear the STR3 bitsinthe TSTR to halt TCNT3. The reset-synchronized PWM mode must be
set up while TCNT3 is halted.

2. Set bits TPSC2-TPSCO in the TCR to select the counter clock source for channdl 3. If an
external clock source is selected, select the external clock edges with bits CKEG1 and CKEGO
inthe TCR.

3. Set bits CCLR1 and CCLRO in the TCR3 to select GRA3 as a counter clear source.

4, Set bits CMD1 and CMDO in TMDB to select the reset-synchronized PWM mode. TIOCA3-
TIOCB4, TOCXA4, and TOCXB4 automatically become PWM output pins.
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. Reset the TCNT3 (to H'0000). The TCNT4 need not be set.

. The GRA3 isthe waveform period register. Set the waveform period value in the GRA3. Set
the transition times of the PWM output waveformsin the GRB3, GRA4, and GRB4. Set times
within the compare match range of the TCNT3.

X < GRA3 (X: setting value)

. Setthe STR3 bitsinthe TSTR to 1 to let the TCNT3 start counting.

Reset synchronized
PWM mode

Stop counting 1)
Select counter clock 2)
Select counter clear source ?3)

Select reset-synchronized

PWM mode )

Set TCNT ®)

Set general registers (6)
Start counting ©)

'

Reset-synchronized PWM mode

Figure10.31 Procedurefor Selecting the Reset-Synchronized PWM Mode
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Reset-Synchronized PWM M ode Operation: Figure 10.32 shows an example of operation in the
reset-synchronized PWM mode. TCNT3 operates as an upcounter that is cleared to H'0000 at
compare match with GRA3. TCNT4 runs independently and isisolated from GRA4 and GRBA4.
The PWM waveform outputs toggle at each compare match (GRB3, GRA3, and GRB4 with
TCNT3) and when the counter is cleared.

See section 10.4.8, Buffer Mode, for details on simultaneously setting reset-synchronized PWM
mode and buffer operation.

TCNT value Counter cleared at GRA3 compare match
b g eI e e
GRB3 | - A
GRA4 [—————— e e SE S e

|
| R
|
|
|

| |
L |
| | |
GRB4 |~~~ ‘fﬁ:ff" 777777 ‘rﬁfi 7777777777

|
| | |
| | |
| | |
| | |

|

|

|

1

|

|

|

|

|

TIOCA3
|
| | |
| | |

TIOCA4 _

\
|
|
|
|
|
|
|
i

TIOCB3 }
|
|
|
|
|
|
|
|
|

TIOCB4

_ }
TOCXB4 _| _| _| r

Figure10.32 Reset-Synchronized PWM M ode Operation Example 1

1046 Complementary PWM Mode

In the complementary PWM mode, three pairs of complementary, non-overlapping, positive and
negative PWM waveforms can be obtained using channels 3 and 4. In complementary PWM
mode, the TIOCA3, TIOCB3, TIOCA4, TOCXA4, TIOCB4, and TOCXB4 pins automatically
become PWM output pins and TCNT3 and TCNT4 become upcounters. Table 10.14 shows the
PWM output pins used and table 10.15 shows the settings of the registers used.
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Table 10.14 Output Pinsfor Complementary PWM Mode

Channel Output Pin Description
3 TIOCAS PWM output 1
TIOCB3 PWM output 1' (non-overlapping negative-phase waveform of
PWM output 1)
4 TIOCA4 PWM output 2
TOCXA4 PWM output 2' (non-overlapping negative-phase waveform of
PWM output 2)
TIOCB4 PWM output 3
TOCXB4 PWM output 3' (non-overlapping negative-phase waveform of

PWM output 3)

Table 10.15 Register Settingsfor Complementary PWM M ode

Register  Description of Contents

TCNT3 Initial setting of non-overlap cycle (the difference with TCNT4)

TCNT4 Initial setting of H'0000

GRA3 Set upper limit of TCNT3-1

GRB3 Sets the turning point for PWM waveform output by the TIOCA3 and TIOCB3 pins.
GRA4 Sets the turning point for PWM waveform output by the TIOCA4 and TOCXA4 pins.
GRB4 Sets the turning point for PWM waveform output by the TIOCB4 and TOCXB4 pins.

Procedurefor Selecting the Complementary PWM M ode (figure 10.33):

1. Clear STR3 and STR4 bitsin the TSTR to halt the timer counters. The complementary PWM
mode must be set up while TCNT3 and TCNT4 are halted.

2. Set bits TPSC2-TPSCO in the TCR to select the same counter clock source for channels 3 and
4. If an external clock source is selected, select the external clock edges with bits CKEG1 and
CKEGO inthe TCR. Do not select any counter clear source with bits CCLR1 and CCLROin
the TCR.

3. Set bitsCMD1 and CMDQ in TMDB to select the complementary PWM mode. TIOCA3—
TIOCB4, TOCXA4, and TOCXB4 automatically become PWM pins.

4, Reset TCNT4 (to H'0000). Set the non-overlap offset in TCNT3. Do not set TCNT3 and
TCNT4 to the same value.
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5. GRA3isthe waveform period register. Set the upper limit of TCNT3-1*. Set the transition
times of the PWM output waveformsin GRB3, GRA4, and GRB4. Set times within the
compare match range of TCNT3 and TCNT4.

T<X
(X: initial setting of GRB3, GRA4, and GRB4; T: initial setting of TCNT3)

Note: GRA3 =[cycle count/2] + [count of non-overlaps] — 2cyc=[upper limit of TCNT3] — 1

6. Setthe STR3 and STR4 hitsinthe TSTRto 1 tolet TCNT3 and TCNT4 start counting.

< Complementary PWM mode >

Stop counting (1)

Select counter clock 2

Select complementary

©)

PWM mode
Set TCNT 4
Set general registers (5)
Start counting (6)

i

Complementary PWM mode

Note To re-engage the complementary PWM mode after it has been aborted, start settings
from step 1.

Figure 10.33 Procedurefor Selecting the Complementary PWM Mode

Complementary PWM M ode Operation: Figure 10.34 shows an example of operation in the
complementary PWM mode. TCNT3 and TCNT4 operate as up/downcounters, counting down
from compare match of TCNT3 and GRA3 and counting up when TCNT4 underflows. PWM
waveforms are output by repeated compare matches with each of the general registersin the
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sequence TCNT3, TCNT4, TCNT4, TCNT3 (in this mode, TCNT3 starts out larger than TCNT4).

Figure 10.35 shows examples of PWM waveforms with 0% and 100% duty cycles (in one phase)
in the complementary PWM mode. In this example, the pin output changes upon GRB3 compare
match, so duty cycles of 0% and 100% can be obtained by setting GRB3 to avalue larger than
GRA3. Combining buffer operation with the above operation makes it easy to change the duty
while operating. See section 10.4.8, Buffer Operation, for details.

TCNT3, TCNT4 value Down-counting starts at compare match
4 / between TCNT3 and GRA3

GRA3
GRB3

GRA4

GRB4 |

TOCXB4 _\ ,—\

Figure 10.34 Complementary PWM Mode Operation Example 1
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TCNT3, TCNT4 value

N W S I W S

I/ \ N 2/ \ WY /A N
GRB3 |-/ -- —T I: :I ': :' [ o

—t+ Tt i: » Time

1
1]
|

Tioces || | | Duty 0% | | L | L]

(&) With 0% duty

TCNTS3, TCNT4 value
A

GRA3 F-—-— (A
GRB3

H o ! | 0 H o g > Time
TIoCAS | H M u U_
TIocB3 | '_‘ } ! [] ] |—

Duty 100%
4—>

(b) With 100% duty

Figure10.35 Complementary PWM M ode Operation Example 2

At the point where the up-count/down-count changes in the complementary PWM mode, TCNT3
and TCNT4 will overshoot and undershoot, respectively. When this occurs, the setting conditions
for the IMFA bit of channel 3 and the overflow flag (OVF) of channel 4 are different from usual.
Transfer conditions for the buffer also differ. The timing is as shown in figures 10.36 and 10.37.
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TCNT3 XN—l X N XN+1X N \/N—l

N\
GRA3 ( N (
\ Flag not set
— 9
IMFA RN
( ! \
7 T 7
Setto 1 pENS
Fan\
Buffer transfer PR

signal (BR to GR) ! '

o Y

Buffer transfer performed

\ /
~” Buffer transfer
not performed

Figure10.36 Overshoot Timing

Underflow Overflow
TCNT4 X H' OOOlX H' OOOOXH‘ FFFFX H' OOOOX
B Flag not set
OVF T
( v/ \\
7 \\ /
Setto 1 =7
o
Buffer transfer N

signal (BR to GR) f

7
\
GR >< N

Buffer transfer performed Buffer transfer
not performed

Figure 10.37 Undershoot Timing
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The IMFA bit of channel 3isset to 1 for increment pulses and the OVF bit of channel 4issetto 1
for underflows only. The buffer register (BR) set for the buffer operation is transferred to the GR
upon compare match A3 (when incrementing) or TCNT4 underflow.

GR Setting in Complementary Mode: Be aware of the following when setting the general
registersin complementary PWM mode and when making changes during operation.

e Initial values: Setting H'0000 to T—1 (the initial setting T: TCNT3) is prohibited. After
counting starts, this setting is allowed from the point when the first A3 compare match occurs.

* Maethods of changing settings: Use the buffer operation. Writing directly to general registers
may result in incorrect waveform output.

« When changing settings: See figure 10.38.

Prohibited

— X
ST G (D U S GRS S

Figure 10.38 Example of Changing GR Settings with Buffer Operation (1)
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Buffer Transferswhen Changing from Increment to Decrement: When the contents of the GR
arewithin GRA3—T + 1 and GRA3, do not transfer avalue outside this range. When the contents
of GR are outside this range, do not atransfer avalue within it. Figure 10.39 illustrates a point of
caution regarding changing of GR settings with a buffer operation.

GRA3 +1
GRA3 Changes inhibited
GRA3-T+1 ‘///TCNB
GRA3-T
TCNT4

Y

Figure10.39 Caution for Changing GR Settingswith Buffer Operation (1)

Buffer Transferswhen Changing from Decrement to I ncrement: When the contents of the GR
are within H'0000 to T—1, do not transfer a value outside this range. When the contents of GR are
outside this range, do not transfer a value within it. Figure 10.40 illustrates this point of caution
regarding changing of GR settings with a buffer operation

/ TCNT3

Changes inhibited

HO0000 . N_*
HEFFF e

Figure10.40 Caution for Changing GR Settingswith Buffer Operation (2)

When GR Settings are Outside the Count Range (H'0000-GRA3): Waveforms of duty cycle
0% and 100% can be output by setting GR outside the count area. Be sure to make the direction of
the count (increment/decrement) when writing a setting from outside the count areainto the buffer
register (BR) the same as the count direction when writing the setting that returns to within the
count areain the BR.
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GR N
[ | [ ()
(I [ (I [
(I [ (I [
H' 0000 SRS = =
| <—  Duty0% —> < Duty100% —> |
(I [ (I [
(I [ (I [
| | | |
| | | |
Output pin } } } | I—}
Output pin |

BR >T<\><\><\><\

GR \\// ¥ \Vﬂ ¥

Write on decrement Write on increment

Figure10.41 Example of Changing GR Settings with Buffer Operation (2)

The above settings are made by detecting the occurrence of a GRA3 compare match or underflow
of TCNT4 and then writing to BR. They can a so be accomplished by starting up the DMAC with
a GRA3 compare match.

10.4.7 Phase Counting Mode

The phase counting mode detects the phase differential of two external clock inputs (TCLKA and
TCLKB) and counts TCNT2 up or down. When set in the phase counting mode, the TCLKA and
TCLKB pins automatically become external clock input pins, regardless of the settings of the
TPSC2-TPSCO bits of TCR2 or the CKEG1 and CKEGO hits. TCNT2 aso becomes an up/down
counter. Since the TCR2 CCLR1L/CCLRO bits, TIOR2, TIER2, TSR2, GRA2 and GRB2 are all
enabled, input capture and compare match functions and interrupt sources can be used. Phase
counting is available only in channel 2.

Procedurefor Selecting the Phase Counting Mode: Figure 10.42 shows the procedure for
selecting the phase counting mode.

1. Set the MDF bit of the timer mode register (TMDR) to 1 to select the phase counting mode.
2. Select the flag set conditions using the FDIR bit of the TMDR.
3. Set the STR2 hit of the timer start register (TSTR) to 1 to start the count.
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< Phase counting mode >

| Select phase counting mode | 1)

| Select flag setting condition | 2)

| Start counting | 3)

'

Phase counting mode

Figure10.42 Procedurefor Selecting the Phase Counting M ode

Phase Counting Operation: Figure 10.43 shows an example of phase counting mode operation.
Table 10.16 lists the upcounting and downcounting conditions for TCNT2. The ITU countson
both rise and fall edges of TCLKA and TCLKB. The phase differential and overlap of TCLKA
and TCLKB must be 1.5 cycles or more and the pul se width must be 2.5 cycles or more.

TCNT2 value
A

Increment Decrement
» Time

Tclke  f v} v § ! 5 i) $
LT T S D T T R T

Figure 10.43 Phase Counting M ode Oper ation

Table 10.16 Up/Down Counting Conditions

Counting

Direction Increment Decrement

TCLKB Rising  High Faling Low Rising  High Falling Low
TCLKA Low Rising  High Falling High Faling Low Rising
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Phase Phase Pulse Pulse

differential differential width width

| | | |
> —pt

[

|

| | | |

Overlap Overlap

Phase differential, overlap: 1.5 cycles minimum
Pulse width: 2.5 cycles minimum

Figure 10.44 Phase Differentials, Overlap and Pulse Width in the Phase Counting M ode

10.4.8 Buffer Mode

In the buffer mode, the buffer operation functions differ depending on whether the general
registers are set to output compare or input capture, the reset-synchronized PWM mode, or
complementary PWM mode. The buffer mode is afunction of channels 3 and 4 only. Buffer
operations set this way function as follows.

GR isan Output Compare Register: The value of the buffer registers of a channel is transferred
to the GR when the channel experiences a compare match. Thisisillustrated in figure 10.45.

Compare match signal

BR GR Comparator [< TCNT

Figure10.45 Compare Match Buffer Operation

GRisan Input Capture Register: TCNT values are transferred to GR when input capture occurs
and the value previously stored in GR istransferred to BR. This operation isillustrated in figure
10.46.
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Input capture signal

BR

GR

TCNT

Figure 10.46 Input Capture Buffer Operation

Complementary PWM M ode: When the count direction of TCNT3 and TCNT4 change, the BR
valueistransferred to the GR. The following timing is employed for this transfer:

*  Whenever TCNT3 and GRA3 compare-match
*  Whenever TCNT4 underflows

Reset-Synchronized PWM Mode: The BR valueistransferred to GR upon a GRA3 compare

match.

Procedurefor Selecting the Buffer M ode (figure 10.47):

1. Setthe TIOR to select the output compare or input capture function of the GR.
2. Set bhits BFA3, BFB3 and BFB4 in the TFCR to select the buffer mode for the GR.
3. Setthe STR bit in the TSTR to 1 to start the TCNT counting.

( Buffer mode

)

|Se|ect general register function| @

| Select buffer mode

@

| Start counting

@

!

Buffer mode

Figure 10.47 Procedurefor Selecting the Buffer M ode
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Buffer M ode Operation: Figure 10.48 shows an example of an operation in the buffer mode with
GRA set as an output compare register and GRA and buffer register A (BRA) set for buffer
operation. The TCNT operates as a periodic counter that is cleared by GRB compare match.
TIOCA and TIOCB are set to toggle at compare matches A and B. Since buffer mode is selected,
when TIOCA toggles at a compare match A, the BRA value is simultaneously transferred to the
GRA. This operation is repeated at every compare match A. The transfer timing is shown in figure

10.49.
TCNT value Counter cleared by compare match B
GRBAY_ __ o
Wwoso| - | 7 4 7 .
H'0200 |-~~~ (RN D P A —— I
| | |
H'0100 -~ 1 i et e A
‘ \ I \
H' 0000 : : _ > Time
| l | | S |
BRA H' 0200! | H' 0100 | X~ H0200 |
‘ ! A ‘ A ‘
GRA H 0250 X  YHo0200 X YHo100 X YH 0200 |
| } | } Toggle
| |
TIOCB | | | | output
TIOCA
I_Toggle
, , tot $ output
N

J

Compare match A

Figure 10.48 Buffer Mode Operation Example 1 (Output Compare Register)
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TCNT

Compare
match signal

Buffer
transfer signal

BR

/4N

[

GR

N/

Figure10.49 CompareMatch Timing Examplefor Buffer Operation
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Figure 10.50 shows an example of input capture operation in the buffer mode between GRA and
BRA with GRA as an input capture register. The TCNT is cleared by input capture B. The falling
edge is selected as the input capture edge at TIOCB. Both edges are selected as input capture
edges at TIOCA. When the TCNT value is stored in GRA by input capture A, the previous GRA
valueistransferred to the BRA. The timing is shown in figure 10.51.

TCNT value Counter cleared
4 at input capture B
H'O0180 |- ‘,{ _ atinput capture =
HO0160 [~~~ = ! -~ ————~
|
i
HO0005 |- —" T
| } > Time
| ! |
TIOCB | } | !
| | | |
| | | |
|
TIOCA \
| | } |
GRA \ H' 0005 [ H' 0160 \}X
| \ } |
| | N
BRA | XY H o005 X ¥ H 0160
\ ! } \

H' 0180

©
®

L

>

Input capture A

Figure 10.50 Buffer Mode Operation Example 2 (Input Capture Register)
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inlinlininliniulininBninl

TIOC pin b «
U
Input
capture signal «
«
TCNT N >< n+1 (’(’ N >< N+1

\ U
«

GR M An . n. XN
U
\ «

U N
BR m X M . M X *n

Figure 10.51 Input Capture Timing Example for Buffer Operation

An example of buffer operation in the complementary PWM mode between GRB3 and BRB3 is as

shown in figure 10.52. By making GRB3 larger than GRA3 using the buffer operation, a PWM
waveform with a duty cycle of 0% is generated. The transfer from BRB—GRB occurs upon

TCNT3 and GRA compare match and TCNT4 underflow.

TCNT3 and TCNT4 values
A TCNT3

H' 1FFF
GRA3

H' 0999

»Time

|
|
| |
| |
B
H' 0000 TR ‘ ‘
! ! !
L ! | |
BRB3  H 0999 = X H 1FFF X H 0999
i ] T T
‘\ ‘ | ! |
I ! | | !
GRB3  H 0999 X H0999 X H1FFF X H1FFF X H 0999
T T T
i\ \i i\
TIOCA3 | | N
i | \
TIOCB3

Figure10.52 Buffer Operation 4 (Complementary PWM M ode)
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10.4.9 ITU Output Timing
ITU outputs in channels 3 and 4 can be inverted with the TOCR.

Output Inversion Timing with the TOCR: Output levels can be inverted by inverting the output
level select bits (OLS4 and OL S3) of the TOCR in the complementary PWM mode and reset-
synchronized PWM mode. Figure 10.53 illustrates the timing.

| | | |
[« T1—>le— T2 > T3>

o« | i

| | |
| | |
Address j>< TOCR address ><

|

|

|

|

|

|

|

|

|

|

TOCR

ITU output pin

Figure10.53 Example of Inverting ITU Output L evelsby Writingto TOCR
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105 Interrupts

The ITU hastwo interrupt sources: input capture/compare match and overflow.

10.5.1  Timing of Setting Status Flags

Timing for Setting IMFA and IMFB in a Compare Match: The IMF bits of the TSR are set to
1 by acompare match signal generated when the TCNT matches a general register. The compare
match signal is generated in the last state in which the values match (when the TCNT is updated
from the matching count to the next count). Therefore, when the TCNT matches the GRA or GRB,
the compare match signal is not generated until the next timer clock input. Figure 10.54 shows the
timing of setting the IMF bits.

oK | B

TCNT
inputclock |

TCNT N N+1

GR N

Compare
match signal

IMF

IMI

Figure10.54 Timing of Setting Compare Match Flags (IMFA, IMFB)
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Timing of Setting IMFA, IMFB for Input Capture: The IMFA and IMFB are set to 1 by an
input capture signal. At thistime, the TCNT contents are transferred to the GR. Figure 10.55
shows the timing.

ok | B

Input
capture
signal

IMF

TCNT N

GR X N

IMI

Figure10.55 Timing of Setting IMFA and IMFB for Input Capture

Timing of Setting Overflow Flag (OVF): The OVF is set to 1 when the TCNT overflows from
H'FFFF—H'0000 or underflows from H'0000—H'FFFF. Figure 10.56 shows the timing.
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ok | B

TCNT H' FFFF H' 0000

Overflow
signal

OVF

ovi

Figure10.56 Timing of Setting OVF

10.5.2 Clear Timing of Status Flags

The status flags are cleared by awrite cyclein which 1 isread on the CPU and then O iswritten to
it. Thistiming is shown in figure 10.57.

TSR write cycle

T1 T2 T3

[e——e——sle—f

ok | B

Address TSR address X

IMF, OVF

Figure 10.57 Timing of Status Flag Clearing
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10.5.3 Interrupt Sourcesand Activatingthe DMAC

The ITU has compare match/input capture A interrupts, compare match/input capture B interrupts
and overflow interrupts for each channel. Each of the fifteen of these three types of interrupts are
alocated their own independently vectored addresses. When the interrupt’ s interrupt request flag
isset to 1 and the interrupt enable bit is set to 1, the interrupt is requested.

The channel priority order can be changed with the interrupt controller. For more information, see
section 5, Interrupt Controller. The compare match/input capture A interrupts of channels 0-3 can
start the DMAC to transfer data. Table 10.17 lists the interrupt sources.

Table 10.17 ITU Interrupt Sources

Interrupt DMAC Priority
Channel Source Description Activation Order*
0 IMIAO Compare match or input capture AO Yes High
IMIBO Compare match or input capture BO No 1
oVvIo Overflow 0 No
1 IMIAL Compare match or input capture A1 Yes
IMIB1 Compare match or input capture B1 No
ovi1i Overflow 1 No
2 IMIA2 Compare match or input capture A2 Yes
IMIB2 Compare match or input capture B2 No
oVI2 Overflow 2 No
3 IMIA3 Compare match or input capture A3 Yes
IMIB3 Compare match or input capture B3 No
oVviI3 Overflow 3 No
4 IMIA4 Compare match or input capture A4 No
IMIB4 Compare match or input capture B4 No !
ovi4 Overflow 4 No Low

Note: Indicates the initial status following reset. The ranking of channels can be altered using the
interrupt controller.
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10.6  Notesand Precautions

This section describes contention and other matters requiring special attention during ITU
operations.

10.6.1 Contention between TCNT Writeand Clear

If acounter clear signal occursin the T3 state of a TCNT write cycle, clearing the counter takes
priority and the writeis not performed. The timing is shown in figure 10.58.

TCNT write cycle by CPU

T1 T2 T3

e

o« _] L

Address TCNT address

Internal write signal

Counter clear signal

TCNT N H' 0000

Figure 10.58 Contention between TCNT Writeand Clear
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10.6.2 Contention between TCNT Word Write and | ncrement

If an increment pulse occursin the T3 state of a TCNT word write cycle, writing takes priority and
the TCNT is not incremented. The timing is shown in figure 10.59.

TCNT word write cycle by CPU

T1 T2 T3

BELEINPELCINMLEIN
]

CK

Address A TCNT address

Internal write signal

TCNT input clock

TCNT N M

TCNT write data

Figure 10.59 Contention between TCNT Word Write and I ncrement
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10.6.3 Contention between TCNT Byte Writeand I ncrement

If an increment pulse occursin the T2 state or T3 state of a TCNT byte write cycle, counter
writing takes priority and the byte data on the side that was previously written is not incremented.
The TCNT byte data that was not written is also not incremented and retains its previous value.
Thetiming is shown in figure 10.60 (which shows an increment during state T2 of a byte write
cycleto TCNTH).

TCNTH byte write cycle by CPU

Address TCNTH address

Internal write signal

TCNT input clock

TCNTH N M

TCNT write data

TCNTL X X+1 X

Figure10.60 Contention between TCNT Byte Write and Increment

RENESAS 287



10.6.4  Contention between GR Write and Compare Match

If acompare match occursin the T3 state of a general register (GR) write cycle, writing takes
priority and the compare match signal isinhibited. The timing is shown in figure 10.61.

GR write cycle

S I I O I R e
Address :>< GR address ><

Internal
write signal

TCNT N X N+1
GR N >< < M
GR write data
Com_pare  «— Inhibited
match signal :

Figure10.61 Contention between General Register Write and Compare Match
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10.6.5 Contention between TCNT Write and Over flow/Under flow

If an overflow occursin the T3 state of a TCNT write cycle, writing takes priority over counter
incrementing. The OVF is set to 1. The same appliesto underflows. Thistiming is shown in figure
10.62.

TCNT write cycle

Internal —\—[—
write signal
TCNT ,—\
input clock
Overflow l
signal

TCNT H'FFFF X M

TCNT write data

OVF

Figure10.62 Contention between TCNT Write and Overflow
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10.6.6  Contention between General Register Read and Input Capture

If an input capture signal is generated during the T3 state of a general register read cycle, the value
before input captureisread. The timing is shown in figure 10.63.

GR read cycle

T T2 T3

o« | L L L |

Address }< GR address ><
Internal read —| I—
signal
Input capture
signal

GR X X M

Internal X
data bus

Figure 10.63 Contention between General Register Read and I nput Capture
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10.6.7 Contention Between Counter Clearing by Input Capture and Counter I ncrement

If aninput capture signal and counter increment signal occur simultaneously, the counter is
cleared according to the input capture signal. The counter is not incremented by the increment
signal. The TCNT value before the counter is cleared is transferred to the general register. The
timing is shown in figure 10.64.

S O I R
Input capture l
signal
Counter ,—\—
clear signal
input clock
TCNT N X H0000

GR X N

Figure10.64 Contention between Counter Clearing by Input Capture and Counter
Increment
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10.6.8 Contention between General Register Writeand Input Capture

If an input capture signal is generated during the T3 state of a genera register write cycle, the
input capture transfer takes priority and the write to the GR is not performed. Thetiming is shown
in figure 10.65.

GR write cycle

CK

Address X GR address ><
Internal —\—’—
write signal
Input capture l
signal

TCNT M

GR X M

Figure 10.65 Contention between General Register Write and Input Capture

10.6.9 Note on Waveform Cycle Setting

When a counter is cleared by compare match, the counter is cleared in the last state in which the
TCNT value matches the GR value (when the TCNT is updated from the matching count to the
next count). The actual counter frequency is therefore given by the following formula:

f=@/(N+1)

(f: counter frequency. @: operating frequency. N: value set in the GR.)
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10.6.10 Contention Between BR Writeand Input Capture

When a buffer register (BR) is being used as an input capture register and an input capture signal
is generated in the T3 state of the write cycle, the buffer operation takes priority over the BR write.
Thetiming is shown in figure 10.66.

BR write cycle

CK

Address X BR address ><
Internal —\—[—
write signal
Input capture l
signal

GR N X X_
TCNT value
BR M X %N

Figure10.66 Contention between BR Write and Input Capture
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10.6.11 Noteon Writingin the Synchronizing Mode

After the synchronizing mode is selected, if the TCNT iswritten by byte access, all 16 bits of all
synchronized counters assume the same value as the counter that was addressed.

Example: Figures 10.67 and 10.68 show byte write and word write when channels 2 and 3 are
synchronized

Write A to upper

TCNT2|  w | x| byeofchannel2 qent2| A [ x|
TeNTS | Y |z | Tents | A | x|
Upper Lower Upper Lower

Write A to lower
byte of channel 3

\TCNT2| v | A |
Tents| v | A |

Upper Lower
byte byte

byte byte byte byte

Figure10.67 ByteWriteto Channel 2 or Byte Writeto Channel 3

TeNT2|ow | x| TeN2| A | B |
TeNT3| v |z | wordwiite of AB  TCNT3 A | B |
for channel 2 or 3
Upper  Lower Upper  Lower
byte byte byte byte

Figure10.68 Word Writeto Channel 2 or Word Writeto Channel 3

10.6.12 Noteon Setting Reset-synchronized PWM M ode/Complementary PWM Mode
When the CMD1 and CMDO bits of TFCR are set, note the following.

1. Writesto CMD1 and CMDO should be done while TCNT3 and TCNT4 are halted.

2. Changes of setting from the reset-synchronized PWM mode to the complementary PWM mode
and vice versa are inhibited. Set the reset-synchronized PWM mode or complementary PWM
mode after first setting normal operation (clear CMD1 bit to 0).
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10.6.13 Clearing the Complementary PWM Mode

Figure 10.69 shows the procedure for clearing the complementary PWM mode. First, reset the
combination mode bits CMD1 and CM DO in the timer function control register (TFCR) from 10 to
either 00 or 01. The mode will switch from complementary PWM mode to normal operating
mode. Next, wait for at least 1 clock of the counter input clock being used for channels 3 and 4
and then clear the counter start bits STR3 and STRA4 of the timer start register (TSTR). The
channels 3 and 4 counters TCNT3 and TCNT4 will stop counting. Clearing the complementary
PWM mode by any other procedure may result in changes other than those set for the output
waveform when complementary PWM mode is set again.

Complementary PWM mode
|

Clear complementary 1. Clear the CMD1 bit of the TFCR to 0
PWM mode to set channels 3 and 4 for normal operation

Halt C|:ount 2. Wait at least 1 clqck after setting channels 3 and 4

for normal operation and then clear the STR3 and

* STR4 bits of the TSTR to 0 to halt the TCNT3 and
TCNT4 counters

Normal operation

Figure10.69 Clearing the Complementary PWM Mode

10.6.14 ITU Operating M odes

Tables 10.18-10.22 show the ITU operating modes for channels 0—4.

10.6.15 Note on Counter Clearing by Input Capture

If TCNT iscleared (to H'0000) by input capture when its value is H'FFFF, overflow will not
occur.
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Table 10.18 1TU Operating Modes (Channel 0)

Register Setting

TSNC TMDR TFCR TOCR TIORO TCRO
Reset Output

Operating Comp Sync Buf- Level Clear Clock
Mode Sync MDF FDIRPWM PWM PWM fer Select IOA [e]=] Select Select
Synch- SYNCO — — — — - — v v v v
ronized =1
preset
PWM v — — PWMO — — — — — v v v
Output v — — PWMO — — — — I0A2 = V v v
compare A = 0, others
function free
Output v — — — — — — v I0B2= v v
compare B 0, others
function free
Input v — — PWMO — — —_ — I0A2 =V v v
capture A =0 1, others
function free
Input v — — PWMO — — — — v I0B2= V v
capture B = 1, others
function free

Counter Clear Function

Clearat V - — — — —_ — v v CCLR1V
compare =0
match/ CCLRO
input =1
capture A
Clearat V - — — — —_ — v v CCLR1V
compare =1
match/ CCLRO
input =0
capture B
Synch- SYNCO — — — — —_ — v v CCLR1V
ronized =1 =1
clear CCLRO
=1

V: Settable, —: Setting does not affect current mode

Note: In PWM mode, the input capture function cannot be used. When compare match A and
compare match B occur simultaneously, the compare match signal is inhibited.
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Table 10.19 1TU Operating Modes (Channel 1)

Register Setting

TSNC TMDR TFCR TOCR TIOR1 TCR1
Reset Output

Operating Comp Sync Buf- Level Clear Clock

Mode Sync  MDF FDIRPWM PWM PWM fer Select IOA 10B Select Select

Synch- SYNC1L — — — — — — v v v v

ronized =1

preset

PWM v — — PWM1I — — — — - V¥l v v

Output v — — PWM1 — — — — I0A2 = V v v

compare A = 0, others

function free

Output v — — — — — — v I0B2= v

compare B 0, others

function free

Input v — — PWM1 — — —_ — I0A2 = V v v

capture A = 1, others

function free

Input v — — PWM1 — — —_ — v I0B2= V v

capture B = 1, others

function free

Counter Clear Function

Clearat v - — — — —_ — v v CCLR1V

compare =0

match/ CCLRO

input =1

capture A

Clearat v - — — — —_ — v v CCLR1V

compare =1

match/ CCLRO

input =0

capture B

Synch- SYNC1 — — — — —_ — v v CCLR1V

ronized =1 =1

clear CCLRO
=1

V: Settable, —: Setting does not affect current mode

Note: In PWM mode, the input capture function cannot be used. When compare match A and
compare match B occur simultaneously, the compare match signal is inhibited.
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Table 10.20 1TU Operating Modes (Channel 2)

Register Setting

TSNC TMDR TFCR TOCR TIOR2 TCR2
Reset Output

Operating Comp Sync Buf- Level Clear Clock

Mode Sync MDF FDIRPWM PWM PWM fer Select IOA [e]=] Select Select

Synch- SYNC2 — — — — - — v v v v

ronized =1

preset

PWM v — — PWM2 — — — — — v v v

Output v — — PWM2 — — — — I0A2= V v v

compare A = 0, others

function free

Output v — — — — — — v I0B2= v v

compare B 0, others

function free

Input v — — PWM2 — — —_ — I0A2 =V v v

capture A =0 1, others

function free

Input v — — PWM2 — — — — v I0B2= V v

capture B = 1, others

function free

Counter Clear Function

Clearat V - — — — —_ — v v CCLR1V

compare =0

match/ CCLRO

input =1

capture A

Clearat V - — — — —_ — v v CCLR1V

compare =1

match/ CCLRO

input =0

capture B

Synch- SYNC2 — — — — — — v v CCLR1V

ronized =1 =1

clear CCLRO
=1

Phase v MDF v — — — — v v v —

counting =1

V: Settable, —: Setting does not affect current mode
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Note: In PWM mode, the input capture function cannot be used. When compare match A and
compare match B occur simultaneously, the compare match signal is inhibited.

Table 10.21 1TU Operating Modes (Channel 3)

Register Setting

TSNC TMDR TFCR TOCR TIOR3 TCR3
Reset Output

Operating Comp Sync Buf- Level Clear Clock
Mode Sync  MDF FDIRPWM PWM PWM fer Select IOA 10B Select Select
Synch- SYNC3 — — v VE2 Y A— Vv v v v
ronized =1
preset
PWM v — — PWM3 CMD1CMD1V  — — i v v
mode = =0 =0
Output v — — PWM3 CMD1CMD1V — I0A2 = V v v
compare A = =0 =0 0, others
function free
Output v — — CMD1CMD1V — — v I0B2= v
compare B =0 =0 0, oth-
function ers free
Input v — — PWM3 CMD1CMD1V  — I0A2 = V v v
capture A =0 =0 =0 1, others
function free
Input v — — PWM3 CMD1CMD1V  — v I0B2= V v
capture B = =0 =0 1, oth-
function ers free

Counter Clear Function

Clearat vV - — CMD1v* ¢  — v Vv CCLR1V
compare =1, =0
match/ CMDO CCLRO
input =0 =1
capture A inhib-
ited
Clearat V — — CMD1CMD1V  — v v CCLR1V
compare =0 =0 =1
match/ CCLRO
input =0
capture B
Synch- SYNC3 — — CMD1V NV — v v CCLR1V
ronized =1 =1, =1
clear CMDO CCLRO
= =1
inhib-
ited
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Table10.21 ITU Operating Modes (Channel 3) (cont)

Counter Clear Function

Register Setting

TSNC TMDR TFCR TOCR TIOR3 TCR3
Reset Output

Operating Comp Sync Buf- Level Clear Clock
Mode Sync MDF FDIR PWM PWM PWM fer  Select I0A 10B Select Select
Comple- V2  — — — CMD1CMD1V v — — CCLR1 v*4
mentary =1 =1 =0
PWM CMDO CMDO CCLRO
mode =0 =0 =0
Reset v —_- = = CMD1CMD1vV v — — CCLR1Y
synchron- =1 =1 =0
ized PWM CMDO CMDO CCLRO
mode =1 =1 =1
Buffer v - - v v BFA3 — v v v v
(BRA) =1,

others

free
Buffer v - — v v BFB3 — v v v v
(BRB) =1,

others

free

V: Settable, —: Setting does not affect current mode

Notes: 1. In PWM mode, the input capture function cannot be used. When compare match A and
compare match B occur simultaneously, the compare match signal is inhibited.

2. When set for complementary PWM mode, do not simultaneously set channel 3 and
channel 4 to function synchronously.

3. Counter clearing by input capture A cannot be used when the reset-synchronized PWM

mode is set.

4. Clock selection when the complementary PWM mode is set should be the same for

channels 3 and 4.
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Table 10.22 1TU Operating Modes (Channel 4)

Register Setting

TSNC TMDR TFCR TOCR TIOR4 TCR4
Reset Output
Operating Comp Sync Buf- Level Clear Clock
Mode Sync FDIRPWM PWM PWM fer Select IOA 10B Select Select
Synch-  SYNC4 — v VE2 Y A— Vv v v v
ronized =1
preset
PWM v — PWM4 CMD1CMD1vV  — — i v v
= =0 =0
Output v — PWM4 CMD1CMD1V  — I0A2 = V v v
compare A = =0 =0 0, others
function free
Output v — CMD1CMD1V — — v I0B2= v
compare B =0 =0 0, others
function free
Input v — PWM4 CMD1CMD1V  — I0A2 = V v v
capture A =0 =0 =0 1, others
function free
Input v — PWM4 CMD1CMD1V  — v I0B2= V v
capture B = =0 =0 1, others
function free
Counter Clear Function
Clearat vV — v CMD1v* ¢  — v Vv CCLR1V
compare =1, =0
match/ CMDO CCLRO
input =0 =1
capture A inhibit
ed
Clearat vV — CMD1v* ¢  — v v CCLR1V
compare =1, =1
match/ CMDO CCLRO
input =0 =0
capture B inhibit
ed
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Table 10.22 1TU Operating Modes (Channel 4) (cont)

Counter Clear Function

Register Setting

TSNC TMDR TFCR TOCR TIOR4 TCR4
Reset Output
Operating Comp Sync Buf- Level Clear Clock
Mode Sync MDF FDIR PWM PWM PWM fer  Select I0A 10B Select Select
Synch- SYNC4— — v CMD1v* — v v CCLR1V
ronized =1 =1, =1
clear CMD1 CCLRO
=0 =1
inhibit
ed
Comple- 2  — — — CMD1CMD1V v — — CCLR1v*
mentary =1 =1 =0
PWM CMDO CMDO CCLRO
=0 =0 =0
Reset Vv —- - = CMD1CMD1V v — — VS
synchron- =1 =1
ized PWM CMDO CMDO
=1 =1
Buffer v — — W v v BFA4 — v v v v
(BRA) =1,
others
free
Buffer v — - v v BFB4 — v v v v
(BRB) =1,
others
free

V: Settable, —: Setting does not affect current mode

Notes: 1. In PWM mode, the input capture function cannot be used. When compare match A and
compare match B occur simultaneously, the compare match signal is inhibited.

2. When set for complementary PWM mode, do not simultaneously set channel 3 and

channel 4 to function synchronously.

3. Counter clearing works with the reset-synchronized PWM mode, but TCNT4 runs
independently. The output waveform is not affected.

4. Clock selection when the complementary PWM mode is set should be the same for

5.

channels 3 and 4.

In the reset-synchronized PWM mode, TCNT4 runs independently. The output

waveform is not affected.
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Section 11 Programmable Timing Pattern Controller (TPC)

111 Overview

The SuperH microcomputer has a built-in programmable timing pattern controller (TPC). The
TPC can provide pulse outputs by using the 16-bit integrated-timer pulse unit (ITU) asatime
base. The TPC pulse outputs are divided into 4-bit groups 3-0. These can operate simultaneously,
or independently.

1111 Features
Features of the programmable timing pattern controller are listed below.

e 16-bit output data: Maximum 16-hit data can be output. TPC output can be enabled on a bit-
by-bit basis.

« Four output groups. Output trigger signals can be selected in 4-bit groups to provide up to four
different 4-bit outputs.

» Selectable output trigger signals. Output trigger signals can be selected by group from the

e 4-channel compare-match signals of the 16-bit integrated-timer pulse unit (ITU).

« Non-overlap mode: A non-overlap interval can be set to come between multiple pulse outputs.

» Can connect to DMA controller: The compare-match signals selected as output trigger signals
can activate the DMA controller for sequential output of data without CPU intervention.
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11.1.2

Block Diagram

Figure 11.1 isthe block diagram of the TPC.

ITU compare match signal

b

Control logic

PBCR1

PBCR2

NDERA

NDERB

TPMR

TPCR

Pulse output
pin group 3
Pulse output
pin group 2
Pulse output
pin group 1
Pulse output
pin group 0

PBDR

TPMR: TPC output mode register
TPCR: TPC output control register

NDERB: Next data enable register B
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11.1.3  Input/Output Pins

Table 11.1 summarizes the TPC input/output pins.

Table11.1 TPC Pins

Name Symbol Input/Output Function

TPC output O TPO Output Group 0 pulse output
TPC output 1 TP1 Output

TPC output 2 TP2 Output

TPC output 3 TP3 Output

TPC output 4 TP4 Output Group 1 pulse output
TPC output 5 TP5 Output

TPC output 6 TP6 Output

TPC output 7 TP7 Output

TPC output 8 TP8 Output Group 2 pulse output
TPC output 9 TP9 Output

TPC output 10 TP10 Output

TPC output 11 TP11 Output

TPC output 12 TP12 Output Group 3 pulse output
TPC output 13 TP13 Output

TPC output 14 TP14 Output

TPC output 15 TP15 Output
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11.14 Registers

Table 11.2 summarizes the TPC registers.

Table11.2 TPC Registers

Initial Access

Name Abbreviation R/W Value  Address*! Size’
Port B control register 1 PBCR1 R/W H'0000 H'5FFFFCC 8, 16
Port B control register 2 PBCR2 R/W H'0000 H'5FFFFCE 8,16
Port B data register PBDR R/(W)*2  H'0000 H'S5FFFFC2 8, 16
TPC output mode register TPMR R/W H'FO H'5FFFFFO 8, 16
TPC output control register TPCR R/W H'FF H'5FFFFF1 8,16
Next data enable register B NDERB R/W H'00 H'5FFFFF2 8, 16
Next data enable register A NDERA R/W H'00 H'5FFFFF3 8, 16
Next data register A NDRA R/W H'00 H'5FFFFF5/ 8,16

H'5FFFFF7+3
Next data register B NDRB R/W H'00 H'SFFFFF4/ 8,16

H'5FFFFF6*3

Notes: 1. Only the values of bits A27-A24 and A8—A0 are valid; bits A23—-A9 are ignored. For

details on the register addresses, see section 8.3.5, Description of Areas.

2. Bits used for TPC output cannot be written to.

3. These addresses change depending on TPCR settings. When TPC output groups 0
and 1 have the same output trigger, the NDRA address is H'5FFFFF5; when their
output triggers are different, the NDRA address for group 0 is H'5FFFFF7 and the
address for group 1 is H'5FFFFF5. Likewise, when TPC output groups 2 and 3 have the
same output trigger, the NDRB address is H'5FFFFF4; when their output triggers are
different, the NDRB address for group 0 is H'5FFFFF6 and the address for group 1 is

H'5FFFFF4.

11.2  Register Descriptions

11.2.1  Port B Control Registers1 and 2 (PBCR1, PCBR2)

The port B control register 1 and 2 (PBCR1 and PBCR?2) are 16-bit read/write registers that set the
functions of port B pins. Port B consists of the dual use pins TP15-TPO. Bits corresponding to the
pinsto be used for TPC output must be set to 1. For details, see the port B description in the

section 15, Pin Function Controller.
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PCBR1:

Bit: 15 14 13 12 11 10 9 8

Bit name: | PB15 PB15 PB14 PB14 PB13 PB13 PB12 PB12
MD1 MDO MD1 MDO MD1 MDO MD1 MDO

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Bit name: | PB11 PB11 PB10 PB10 |PBOMD1|PBOMDO|PB8MD1 PBS8MDO
MD1 MDO MD1 MDO

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

PCBR2:
Bit: 15 14 13 12 11 10 9 8
Bit name: ‘ PB7MD1’ PB7MDO‘ PBGMDl’ PBGMDO‘ PBSMDl‘ PB5MDO’ PB4MD1‘ PB4MDO‘
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
Bit name: ‘ PBSMDl‘ PB3MDO‘ PBZMDl’ PBZMDO‘ PBlMDl‘ PBlMDO‘ PBOMDl‘ PBOMDO’
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

11.2.2 Port B Data Register (PBDR)

The port B data register is a 16-bit read/write register that, when used for TPC output stores,
output data for groups 0-3. For details, see the port B description in section 16, 1/0 Ports.

Bitt 15 14 13 12 11 10 9 8
Bit name: ‘PBlSDR‘PBMDR‘ PBlSDR’PBlZDR‘PBllDR‘PBlODR‘ PBQDR‘ PBSDR’
Initial value: 0 0 0 0 0 0 0 0

R/W: R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* RI/I(W)*
Note: Bits set to TPC output by NDERA or NDERB are read-only.

RENESAS 307



Bitt 7 6 5 4 3 2 1 0
BHname:‘PB?DR’ PB6DR‘ PBSDR‘ PB4DR‘ PB3DR‘ PBZDR’ PBlDR‘ PBODR‘
Initial value: 0 0 0 0 0 0 0 0
RW: RIW)*  RIW)* RIW)* RIW)* RIW)* RIW)* RIW)* RIW)*
Note: Bits set to TPC output by NDERA or NDERB are read-only.

11.2.3 Next Data Register A (NDRA)

NDRA is an eight-bit read/write register that stores the next output data for TPC output groups 1
and 0 (TP7-TP0). When used for TPC output, the contents of the NDRA are transferred to the
corresponding PBDR bits when the ITU compare match specified in the TPC output control
register TPCR occurs.

The address of the NDRA differs depending on whether TPCR settings sel ect the same trigger or
different triggers for TPC output groups 1 and 0. When reset, NDRA isinitialized to H'00. It is not
initialized by standby mode.

Same Trigger for TPC Output Groups 1 and O: If TPC output groups 1 and O are triggered by
the same compare match, the address of the NDRA is H'FFFFF5. The 4 upper bits becomes group
1 and the 4 lower bits become group 0. Address H'5FFFFF7 in such cases consists entirely of
reserved bits. These bits cannot be modified and always read as 1.

Address H'5FFFFF5:

e Bits 74 (next data 74 (NDR7-NDR4)): NDR7-NDR4 store the next output datafor TPC
output group 1.

e Bits3-0 (next data 3-0 (NDR3-NDRO0)): NDR3-NDRO store the next output datafor TPC
output group O.

Bitt 7 6 5 4 3 2 1 0
Bnname‘ NDR?’ NDR6‘ NDRS‘ NDR4‘ NDR3‘ NDR2’ NDRl‘ NDRO‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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Address H'5FFFFF7:

. Bits 7-0 (reserved): These bits always read as 1. The write value should always be 1.

Bit: 7 6 5 4 3 2 1 0
gitname: | — | — | — | = | = | = | =] —
Initial value: 1 1 1 1 1 1 1 1

RW:  — — — — — — — —

Different Triggers for TPC Output Groups 1 and O: If TPC output groups 1 and 0 are triggered by
different compare matches, the address of the upper 4 bits of NDRA (group 1) is H'5FFFFF5 and
the address of the lower 4 bits of NDRA (group 0) is H'5FFFFF7. Bits 3-0 of address H'5FFFFF5
and bits 74 of address H'5FFFFF7 are reserved bits. The write value should always be 1. These
bits always read as 1.

Address H'5FFFFF5:

e Bits 74 (next data 74 (NDR7-NDR4)): NDR7-NDR4 store the next output datafor TPC
output group 1.

» Bits 3-0 (reserved): These bits alwaysread as 1. The write value should always be 1.

Bit 7 6 5 4 3 2 1 0
Bitname:‘ NDR? \ NDR6‘ NDR5 ] NDR4‘ — ‘ — ‘ _ ‘ _ ’
Initial value: 0 0 0 0 1 1 1 1

R/W: R/W R/W R/W R/W — — — —

Address H'5FFFFF7:
* Bits 74 (reserved): These bits always read as 1. The write value should always be 1.

» Bits3-0 (next data 3-0 (NDR3-NDRO)): NDR3-NDRO store the next output datafor TPC
output group 0.

Bit. 7 6 5 4 3 2 1 0

Bitname:) — | — | — | — | NDR3 | NDR2 | NDRI| NDRO |
Initial value: 1 1 1 1 0 0 0 0
RW:  — — — — RW RW RW  RW
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1124 Next Data Register B (NDRB)

NDRB is an eight-bit read/write register that stores the next output data for TPC output groups 3
and 2 (TP15-TP8). When used for TPC output, the contents of the NDRB are transferred to the
corresponding PBDR bits when the ITU compare match specified in the TPC output control
register TPCR occurs.

The address of the NDRB differs depending on whether TPCR settings select the same trigger or
different triggers for TPC output groups 3 and 2. When reset, NDRB isinitialized to H'00. It is not
initialized by standby mode.

Same Trigger for TPC Output Groups 3 and 2: If TPC output groups 3 and 2 are triggered by the
same compare match, the address of the NDRB is H'FFFFF4. The 4 upper bits becomes group 3
and the 4 lower bits become group 2. Address H'5FFFFF6 becomes completely reserved bits.
These bits always read as 1, and the write value should always be 1.

Address H'5FFFFF4:

e Bits 74 (next data 15-12 (NDR15-NDR12)): NDR15-NDR12 store next output data for TPC
output group 3.

e Bits3-0 (next data 11-8 (NDR11-NDR8)): NDR11-NDRS store next output datafor TPC
output group 2.

Bitt 7 6 5 4 3 2 1 0
Bit name:‘ NDRlS’ NDR14‘ NDR13‘ NDRlz‘ NDRll‘ NDRlO’ NDR9 \ NDRS ‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Address H'5FFFFF6:

* Bits 7-0 (reserved): These bits always read as 1. The write value should always be 1.

Bit: 7 6 5 4 3 2 1 0
gitname: | — | — | — | — | — | — | — | — |
Initial value: 1 1 1 1 1 1 1 1

R/W: — — — — — — — —
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Different Triggersfor TPC Output Groups 3 and 2: If TPC output groups 3 and 2 are triggered
by different compare matches, the address of the upper 4 bits of NDRB (group 3) is H'5FFFFF4
and the address of the lower 4 bits of NDRB (group 2) is H'5FFFFF6. Bits 3-0 of address
H'5FFFFF4 and bits 74 of address H'5FFFFF6 are reserved bits. These bits alwaysread as 1. The
write value should aways be 1.

Address H'5FFFFF4:

* Bits 74 (next data 15-12 (NDR15-NDR12)): NDR15-NDR12 store next output data for TPC
output group 3.

* Bits3-0 (reserved): These bits always read as 1. The write value should always be 1.

Bitt 7 6 5 4 3 2 1 0
Bit name:‘ NDRlS‘ NDR14‘ NDR13’ NDR12‘ — ‘ — \ _ ‘ _ ’
Initial value: 0 0 0 0 1 1 1 1

R/W: R/W R/W R/W R/W — — — —

Address H'5FFFFF6:
e Bits 74 (reserved): These bits alwaysread as 1. The write value should always be 1.

e Bits3-0 (next data 11-8 (NDR11-NDR8)): NDR11-NDRS store next output datafor TPC
output group 2.

Bit.t 7 6 5 4 3 2 1 0
Bitname: | — | — | — | — | NDRIL| NDRIO| NDR9 | NDRS |
Initial value: 1 1 1 1 0 0 0 0
RW:  — _ — — RW RW RW  RW

11.25 Next Data Enable Register A (NDERA)

NDERA isan eight-bit read/write register that enables TPC output groups 1 and 0 (TP7-TPQ) on a
bit-by-hit basis.

When the hits enabled for TPC output by NDERA generate the ITU compare match selected in the
TPC output control register, the value of the next dataregister A (NDRA) is automatically
transferred to the corresponding PBDR bits and the output value is updated. For disabled bits,
thereis no transfer and the output value does not change. When reset, NDERA isinitialized to
H'00. Itis not initialized by standby mode.
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Bitt 7 6 5 4 3 2 1 0
Bit name: | NDER7 | NDER6| NDER5 | NDER4| NDER3 | NDER2 | NDER1| NDERO |
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

« Bits 7-0 (next data enable 7-0 (NDER7-NDERQ)): NDER7-NDERQO select enable/disable for
TPC output groups 1 and 0 (TP7—TPO) in bit units.

Bit 7-0: NDER7-NDERO Description

0 Disables TPC outputs TP7—TPO (transfer from NDR7-NDRO to PB7—
PBO is disabled) (initial value)
1 Enables TPC outputs TP7-TPO (transfer from NDR7-NDRO to PB7—

PBO is enabled)

11.26 Next Data Enable Register B (NDERB)

NDERB is an eight-bit read/write register that enables TPC output groups 3 and 2 (TP15-TP8) on
abit-by-bit basis.

When the bits enabled for TPC output by NDERB generate the ITU compare match selected in the
TPC output control register, the value of the next dataregister B (NDRB) is automatically
transferred to the corresponding PBDR bits and the output value is updated. For disabled bits,
thereis no transfer and the output value does not change. When reset, NDERB isinitialized to
H'00. It is not initialized by standby mode.

Bitt 7 6 5 4 3 2 1 0
Bit name: ‘NDERlS’NDER14‘NDER13‘NDER12‘ NDERll‘NDERlO’ NDERQ‘ NDER8‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

* Bits 7-0 (next data enable 15-8 (NDER15-NDERS)): NDER15-NDERS select enable/disable
for TPC output groups 3 and 2 (TP15-TP8) in bit units.

Bit 7-0:

NDER15-NDERS8 Description

0 Disables TPC outputs TP15-TP8 (transfer from NDR15-NDRS8 to
PB15-PB8 is disabled) (initial value)

1 Enables TPC outputs TP15-TP8 (transfer from NDR15-NDRS to

PB15-PB8 is enabled)
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11.2.7 TPC Output Control Register (TPCR)

TPCR is an eight-bit read/write register that selects output trigger signals for TPC outputs. When
reset, TPCR isinitialized to H'FF. It is not initialized by standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: ‘GSCMSl‘G:SCMSO‘GZCMSl’GZCMSO‘GlCMSl‘GlCMSO‘GOCMSl‘GOCMSO’
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

» Bits7 and 6 (group 3 compare-match select 1 and 0 (G3CM S1 and G3CM S0)): G3CMS1 and
G3CM S0 select the compare match that triggers TPC output group 3 (TP15-TP12).

Bit 7: G3CMS1 Bit 6: G3CMS0 Description

0 0 TPC output group 3 (TP15-TP12) output is triggered by
compare-match in ITU channel 0

1 TPC output group 3 (TP15-TP12) output is triggered by
compare-match in ITU channel 1

1 0 TPC output group 3 (TP15-TP12) output is triggered by
compare-match in ITU channel 2

1 TPC output group 3 (TP15-TP12) output is triggered by

compare-match in ITU channel 3 (initial value)

« Bits5and 4 (group 2 compare-match select 1 and 0 (G2CM S1 and G2CM S0)): G2CM S1 and
G2CM S0 select the ITU channel that triggers TPC output group 2 (TP11-TP8).

Bit 5: G2CMS1 Bit 4: G2CMS0 Description

0 0 TPC output group 2 (TP11-TP18) output is triggered by
compare-match in ITU channel 0

1 TPC output group 2 (TP11-TP18) output is triggered by
compare-match in ITU channel 1

1 0 TPC output group 2 (TP11-TP18) output is triggered by
compare-match in ITU channel 2

1 TPC output group 2 (TP11-TP18) output is triggered by

compare-match in ITU channel 3 (initial value)
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Bits 3 and 2 (group 1 compare-match select 1 and 0 (G1CM S1 and G1ICM S0)): GICM S1 and
G1CM S0 select the ITU channel that triggers TPC output group 1 (TP7—TP4).

Bit 3: GICMS1 Bit 2: GICMS0 Description

0 0 TPC output group 1 (TP7-TP4) output is triggered by
compare-match in ITU channel 0

1 TPC output group 1 (TP7-TP4) output is triggered by
compare-match in ITU channel 1
1 0 TPC output group 1 (TP7-TP4) output is triggered by

compare-match in ITU channel 2

1 TPC output group 1 (TP7-TP4) output is triggered by
compare-match in ITU channel 3 (initial value)

« Bits1and 0 (group O compare-match select 1 and 0 (GOCM S1 and GOCM S0)): GOCMS1 and
GOCM SO select the ITU channel that triggers TPC output group 0 (TP3-TPQ).

Bit 1: GOCMS1 Bit 0: GOCMSO Description

0 0 TPC output group 0 (TP3-TPO0) output is triggered by
compare-match in ITU channel 0

1 TPC output group 0 (TP3-TPO) output is triggered by
compare-match in ITU channel 1
1 0 TPC output group 0 (TP3-TPO0) output is triggered by

compare-match in ITU channel 2

1 TPC output group 0 (TP3-TPO) output is triggered by
compare-match in ITU channel 3 (initial value)

11.28 TPC Output Mode Register (TPMR)

TPMR isan eight-bit read/write register that selects between the TPC's ordinary output and non-
overlap output modes in group units. During non-overlap operation, the output waveform cycle is
set in ITU genera register B (GRB) for use as the output trigger and a non-overlap period isset in
general register A (GRA). The output value then changes on compare matches A and B. For
details, see section 11.3.4, TPC Output Non-Overlap Operation. TPMR isinitialized to H'FO on a
reset. It isnot initialized in standby mode.

Bit. 7 6 5 4 3 2 1 0
Bitname:. — | — | — | — |G3NOV| G2NOV GINOV| GONOV |
Initial value: 1 1 1 1 0 0 0 0
RW:  — — — — RW RW RW  RW
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Bits 74 (reserved): These bits always read as 1. The write value should always be 1.

e Bit 3 (group 3 non-overlap mode (G3NQOV)): G3NOV sdlects the ordinary or non-overlap
mode for TPC output group 3 (TP15-TP12).

Bit 3: G3NOV Description

0 TPC output group 3 operates normally (output value updated according
to compare-match A of the ITU channel selected by TPCR) (initial
value)

1 TPC output group 3 operates in non-overlap mode (1 output and 0

output can be performed independently according to compare-match A
and B of the ITU channel selected by TPCR)

« Bit 2 (group 2 non-overlap mode (G2NOV)): G2NOV sdlects the ordinary or non-overlap
mode for TPC output group 2 (TP11-TP8).

Bit 2: G2NOV Description

0 TPC output group 2 operates normally (output value updated according
to compare-match A of the ITU channel selected by TPCR) (initial
value)

1 TPC output group 2 operates in non-overlap mode (1 output and 0O

output can be performed independently according to compare-match A
and B of the ITU channel selected by TPCR)

* Bit 1 (group 1 non-overlap mode (GINOV)): GINOV selects the ordinary or non-overlap
mode for TPC output group 1 (TP7-TP4).

Bit 1: GINOV Description

0 TPC output group 1 operates normally (output value updated according
to compare-match A of the ITU channel selected by TPCR) (initial
value)

1 TPC output group 1 operates in non-overlap mode (1 output and O

output can be performed independently according to compare-match A
and B of the ITU channel selected by TPCR)

« Bit 0 (group 0 non-overlap mode (GONOV)): GONOV selects the ordinary or non-overlap
mode for TPC output group 0 (TP3-TPO0).
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Bit 0: GONOV Description

0 TPC output group 0 operates normally (output value updated according
to compare-match A of the ITU channel selected by TPCR) (initial
value)

1 TPC output group 0 operates in non-overlap mode (1 output and 0

output can be performed independently according to compare-match A
and B of the ITU channel selected by TPCR)

11.3  Operation

11.3.1 Overview

When corresponding bitsin the PBCR1, PBCR2, NDERA and NDERB registersare set to 1, TPC
output is enabled and the PBDR data register values are output. After that, when the compare-
match event selected by TPCR occurs, the next data register contents (NDRA and NDRB) are
transferred to the PBDR and output values are updated. Figure 11.2 illustrates the TPC output
operation.

CR NDER
Q Q
Output trigger
signal
C
P Port function | P Internal
- select - Q DR D« Q NDR D <*— 4atabus
TPC
output pin

Figure11.2 TPC Output Operation

If new dataiswritten in next data registers A and B before the next compare-match occurs, a
maximum 16 bits of data can be output at each successive compare-match. See section 11.3.4,
TPC Output Non-Overlap Operation, for details on non-overlap operation.
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11.3.2  Output Timing

If TPC output is enabled, next data register (NDRA/NDRB) contents are transferred to the data
register (PBDR) and output when the selected compare-match occurs. Figure 11.3 shows the
timing of these operations. The exampleis of ordinary output upon compare match A with groups
2and 3.

< T A o B O N
TONT X N X N+ X

GRA N
Compare
match A
signal
NDRB n
PBDR m X ™ n
TP15-TP8 m >< n

Figure11.3 Transfer and Output Timing for NDR Data

11.3.3 Examplesof Use of Ordinary TPC Output

Set

1

tingsfor Ordinary TPC Output (figure 11.4):

Select GRA as the output compare register (output disable) with the timer 1/0 control register
(TIOR).
Set the TPC output trigger cycle.

Select the counter clock with the TPSC2—TPSCO bits of the timer control register (TCR).
Select the counter clear sources with the CCLR1 and CCLRO bits.

Set the timer interrupt enable register (TIER) to enable IMIA interrupts. Transfersto the NDR
can aso be set using the DMAC.

Set theinitial output value in the I/O port data register to be used by TPC.
Set the 1/0 port control register to be used by TPC asthe TP pin function (11).
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7. Setto 1the bit that performs TPC output to the next data enable register (NDER).

8. Select the ITU compare match that will be the TPC output trigger using the TPC output control
register (TPCR).

9. Set the next TPC output valuein the NDR.

10. Set 1 inthe STR hit of the timer start register (TSTR) and start the timer counter counting.

11. Set the next output value in the NDR whenever an IMIA interrupt is generated.

Original TPC
output operation

~ Select GR function Q)
I
Set GRA )
ITU setting |
Set count operation 3)
I
~ Select interrupt request @)
I
~ Set initial output value (5)
I
Set port output (6)
Port and |
TIDC Set TPC output enable @)
setting [
Select TPC output trigger ®)
I
- | Set next TPC output value 9)
I
ITU setting Start count (20)

[
<

Compare

match? No

Set next TPC output value (11)

Figure11.4 Example of Setting Procedurefor TPC Ordinary Output
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Five-Phase Pulse Output (figure 11.5):

1. Setthe GRA of the ITU that serves as output trigger as the output compare register. Set the
cycletimein the GRA of the I TU and select to clear the counter upon compare match A. Set
the IMIEA bit of TIER to 1 to enable the compare match A interrupt.

2. Write H'FFCO in the PBCR1, write H'F8 in the NDERB, and set G3CM S0, G3CM S1,
G2CMS1 and G2CM S0 in the TPCR to set the ITU compare match selected in step 1 asthe
output trigger. Write output data H'80 in the NDRB.

3. When the selected I TU channel starts operating and a compare-match occurs, the valuesin the
NDRB are transferred to the PBDR and output. The compare-match/input capture A (IMIA)
interrupt service routine writes the next output data (H'CO) in the NDRB.

4. Five-phase pulse output can be obtained by writing H'40, H'60, H'20, H'30, H'10, H'18, H'08,
H'88... at successive compare-match interrupts. If the DMA controller is set for activation by
compare-match, pulse output can be obtained without loading the CPU.

TCNT
value TCNT Compare matches

H0000 ' —

| | »Time

|
NDRB mmmmmmmmmmm i
|

@@@«m@

Figure11.5 TPC Output Example (5-Phase Pulse Output)
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11.34  TPC Output Non-Overlap Operation

Setting Proceduresfor TPC Output Non-Overlap Operation (figure 11.6):

1

© N o O

Select GRA and GRB as output compare registers (output disable) with the timer 1/0 control
register (TIOR).
Set the TPC output trigger cycle to GRB and the non-overlap cycleto GRA.

Select the counter clock with the TPSC2-TPSCO bits of the timer control register (TCR).
Select the counter clear sources with the CCLR1 and CCLRO hits.

Set the timer interrupt enable register (TIER) to enable IMIA interrupts. Transfersto the NDR
can also be set using the DMAC.

Set the initial output value in the I/O port data register to be used by TPC.

Set the 1/0 port control register to be used by TPC asthe TP pin function (11).

Set to 1 the bit that performs TPC output to the next data enable register (NDER).

Select the ITU compare match that will be the TPC output trigger using the TPC output control
register (TPCR).

Select the group that performs the non-overlap operation in the TPC output mode register
(TPMR).

10. Set the next TPC output value in the NDR.
11. Set 1 inthe STR bit of the timer start register (TSTR) and start the timer counter counting.
12. Set the next output value in the NDR whenever an IMIA interrupt is generated.
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TPC output non-
overlap operation
|

~ Select GR function (1)
I
Set GRA 2
ITU setting |
Set count operation 3)
I
NS Select interrupt request (4)
I
~ Set initial output value (5)
I
Set TPC output (6)
I
Set TPC transfer enable (7
Port and |
TPC Select TPC output trigger | (8)
setting |
Select non-overlap group 9)
I
Set next TPC output value | (10)
I
~ Start count (11)
T«
ITU setting Compare

match A?

No

Set next TPC output value | (12)

Figure11.6 Example of Setting Proceduresfor TPC Output Non-Overlap Operation
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TPC Output Non-Overlap Operation (Four-Phase Complementary Non-Overlap Output)
(figure11.7):

1. Set GRA and GRB of the ITU that serves as output trigger in the output compare registers. Set
the cycle in the GRB and the non-overlap cycle time in the GRA and select to clear the counter
upon compare match B. Set the IMIEA bit of TIER to 1 to enable the IMIA interrupt.

2. Write H'FFFF in the PBCR1, write H'FF in the NDERB, and set G3CM S1, G3CM SO,
G2CMS1 and G2CM S0 in the TPCR to set the ITU compare match selected in step 1 asthe
output trigger. Set the G3NOV and G2NOV bitsin the TPMR to 1 to set the non-overlap
operation. Write output data H'95 in the NDRB.

3. When the selected ITU channel starts operating and a GRB compare-match occurs, 1 output
changes to 0 output; when a GRA compare match occurs, 0 output changesto 1 output. (The
change from 0 output to 1 output is delayed by the value set in GRA.) The IMIA interrupt
service routine writes the next output data (H'65) in the NDRB.

4. Four-phase complementary non-overlap output can be obtained by writing H'59, H'56, H'95...
at successive IMIA interrupts. If the DMA controller is set for activation by compare-match,
pulse output can be obtained without loading the CPU.
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11.35 TPC Output by Input Capture

TPC can also be output by using input capture rather than ITU compare matches. The general
register A (GRA) of the ITU selected by the TPCR functions as an input capture register and TPC
output occurs upon an input capture signal. Figure 11.8 shows the timing.

S I B B O A

TIOC pin Q)\
Input

capture

signal
NDR N

DR M >< AN

Figure11.8 TPC Output by Input Capture
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114  Usage Notes

1141 Non-Overlap Operation
During non-overlap operation, transfers from the NDR to data registers (DR) occurs as follows.

1. NDR contents are aways transferred to the DR on compare match A.

2. The contents of the bit transferred by the NDR are only transferred on compare match B when
they are 0. No transfer occursfor a 1.

Figure 11.9 illustrates the TPC output operation during non-overlap.

CR NDER
Q Q
Compare match A
\ 4 Compare match B
\
C

Port function
select

A

«—Q DR D= Q NDR Df|—

TPC output pin

Figure11.9 TPC Output Non-Overlap Operation
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When a compare match B occurs before the compare match A, the 0 data transfer can be
performed before the 1 data transfer, so a non-overlapping waveform can be output. In such cases,
be sure not to change the NDR contents until the compare match A after the compare match B
occurs (non-overlap period). This can be ensured by writing the next data to the NDR using the
IMIA interrupt service routine. The DMAC can also be started up using an IMIA interrupt.
However, these write operations should be performed prior to the next compare match B. The
timing is shown in figure 11.10.

rateh A [ 1 [ 1
et [ ]

NDR write NDR write

L IS
R : : >< : : ><
y X X

0 output 0/1 output 0 output 0/1 output

NDR write period NDR write period

NDR write NDR write
disable period disable period

Figure11.10 Non-Overlap Operation and NDR Write Timing
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Section 12 Watchdog Timer (WDT)

121  Overview

The SuperH microcomputer has a one-channel watchdog timer (WDT) for monitoring system
operations. If a system becomes uncontrolled and the timer counter overflows without being
rewritten correctly by the CPU, an overflow signal (WDTOVF) is output externally . The WDT
can simultaneously generate an internal reset signal for the entire chip.

When this watchdog function is not needed, the WDT can be used as an interval timer. In the
interval timer operation, an interval timer interrupt is generated at each counter overflow. The
WDT isalso used in recovering from the standby mode.

12.1.1 Features

* Watchdog timer mode and interval timer mode can be selected.

e Outputs WDTOVF in the watchdog timer mode. When the counter overflows in the watchdog
timer mode, overflow signal WDTOVF is output externally. Y ou can select whether or not to
reset the chip internally when this happens. Either the power-on reset or manual reset signal
can be selected as the internal reset signal.

* Generatesinterruptsin the interval timer mode. When the counter overflows, it generates an
interval timer interrupt.

» Used to clear the standby mode.
» Selection of eight counter clock sources
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12.1.2 Block Diagram

Figure 12.1 is the block diagram of the WDT.

! |
TI : _Overflow «— @2 !
(interrupt «—{ Interrupt «— @64 !
signal) | control  |€— < @128 !
! |
l Clock | Clock [ @256
l select [¢— @512 |
| v «— @1024 |
VDTOVF - <+ Reset <+«— 4096 |
Internal _ | |  control «— @8192 |
reset signal* I
9 : Y Internal PN
i clock sources |
| _ L lw
! v |3
G
| |_RSTCSR | TONT e TCSR | |8
| : =
l =
I Bus Q
1< Module bus S| interface (1 H|=
! |
! |
: |

<

TCSR: Timer control/status register
TCNT: Timer counter
RSTCSR: Reset control/status register

Note:  The internal reset signal can be generated by setting the register. The type of reset can
be selected (power-on or manual resets).

Figure12.1 WDT Block Diagram

12.1.3 Pin Configuration

Table 12.1 shows the pin configuration.
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Table12.1 Pin Configuration

Pin Abbreviation /0 Function

Watchdog timer overflow  WDTOVF (0] Outputs the counter overflow signal in
the watchdog mode

12.1.4 Register Configuration

Table 12.2 summarizes the three WDT registers. They are used to select the clock, switch the
WDT mode, and control the reset signal.

Table12.2 WDT Registers

Address
Name Abbreviation R/W Initial Value Write*1 Read*2
Timer TCSR RI(W)*3  H'18 H'5FFFFB8 H'5FFFFB8
control/status
register
Timer counter TCNT R/W H'00 H'5FFFFB9
Reset RSTCSR RI(W)*  H3F H'5FFFFBA H'5FFFFBB
control/status
register

Notes: 1. Write by word transfer. It cannot be written in byte or long word.
2. Read by byte transfer. It cannot be read in word or long word.
3. Only 0 can be written in bit 7 to clear the flag.

12.2  Register Descriptions

1221 Timer Counter (TCNT)

The TCNT isan eight-bit readable and writable upcounter. The TCNT differs from other registers
inthat it is more difficult to write. See section 12.2.4, Register Access, for details. When the timer
enable bit (TME) in the timer control/status register (TCSR) is set to 1, the timer counter starts
counting pulses of aninterna clock source selected by clock select bits 2-0 (CKS2-CKS0) in the
TCSR. When the value of the TCNT overflows (changes from H'FF-H'00), a watchdog timer
overflow signal (WDTOVF) or interval timer interrupt (I TI) is generated, depending on the mode
selected in the WT/IT bit of the TCSR. The TCNT isinitialized to H'00 by areset and when the
TME hitiscleared to O. It isnot initialized in the standby mode.
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Bit: 7 6 5 4 3 2 1 0

Bit name: | | | | | | | | |
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

12.2.2  Timer Control/Status Register (TCSR)

The timer control/status register (TCSR) is an eight-bit readable and writable register. The TCSR
differs from other registers in being more difficult to write. See section 12.2.4, Register Access,
for details. Its functions include selecting the timer mode and clock source. Bits 7-5 areinitialized
to 000 by areset or in standby mode. Bits 2-0 areinitialized to 000 by areset, but retain their
values in the standby mode.

Bit. 7 6 5 4 3 2 1 0

Bitname:| OVF | WTIT| TME | — | — | CKS2 | CKSL | CKSO |
Initial value: 0 0 0 1 1 0 0 0
RW: RIW)* RW  RW — _ RW  RW  RW

* Bit 7 (overflow flag (OVF)): OVF indicates that the TCNT has overflowed from H'FF—H'00. It
is not set in the watchdog timer mode.

Bit 7: OVF Description

0 No overflow of TCNT in interval timer mode (initial value)
Cleared by reading OVF, then writing 0 in OVF

1 TCNT overflow in the interval timer mode

* Bit 6 (timer mode select (WT/IT)): WT/IT selects whether to use the WDT as awatchdog
timer or interval timer. When the TCNT overflows, the WDT either generates an interval timer
interrupt (ITI) or generatesa WDTOVF signal, depending on the mode sel ected.

Bit 6: WT/IT Description

0 Interval timer mode: interval timer interrupt to the CPU when TCNT
overflows (initial value)

1 Watchdog timer mode: WDTOVF signal output externally when TCNT
overflows. Section 12.2.3, Reset Control/Status Register (RSTCSR),
describes in detail what happens when TCNT overflows in the
watchdog timer mode.

e Bit5 (timer enable (TME)): TME enables or disables the timer.
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Bit 5: TME Description

0 Timer disabled: TCNT is initialized to H'00 and count-up stops (initial
value)
1 Timer enabled: TCNT starts counting. A WDTOVF signal or interrupt

is generated when TCNT overflows.

« Bits4 and 3 (reserved): These bits aways read as 1. The write value should always be 1.

e Bits2-0 (clock Select 2-0 (CKS2-CK S0)): CKS2-CK S0 select one of eight internal clock
sources for input to the TCNT. The clock signals are obtained by dividing the frequency of the
system clock (¢).

Description
Bit 2: Bit 1: Bit O: Clock Source Overflow Interval* (¢ = 20 MHz)
CKS2 CKS1 CKSO
0 0 0 @2 (initial value)  25.6 us
0 0 1 @64 819.2 us
0 1 0 @128 1.6 ms
0 1 1 @256 3.3ms
1 0 0 @/512 6.6 ms
1 0 1 ©/1024 13.1 ms
1 1 0 4096 52.4 ms
1 1 1 /8192 104.9 ms

Note: The overflow interval listed is the time from when the TCNT begins counting at H'00 until an
overflow occurs.

12.23 Reset Control/Status Register (RSTCSR)

The RSTCSR is an eight-hit readable and writable register that controls output of the reset signal
generated by timer counter (TCNT) overflow and selects the internal reset signal type. The
RSTCSR differs from other registersin that it is more difficult to write. See section 12.2.4
Register Access, for details. RSTCR isinitialized to H'1F by input of areset signal from the RES
pin, but is not initialized by the internal reset signal generated by the overflow of the WDT. It is
initialized to H'1F in standby mode.

Bt 7 6 5 4 3 2 1 0
Bit name:‘ WOVF ] RSTE ‘ RSTS ] — \ — ‘ _ ] _ ‘ _ ’
Initial value: 0 0 0 1 1 1 1 1

R/IW:  R/(W)* R/W R/IW — — — — —
Note: Only 0 can be written in bit 7 to clear the flag.
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e Bit 7 (watchdog timer overflow (WOVF)): WOVF indicates that the TCNT has overflowed
(H'FF - H'00) in the watchdog timer mode. It is not set in the interval timer mode.

Bit 7: WOVF Description

0 No TCNT overflow in watchdog timer mode (initial value)
Cleared when software reads WOVF, then writes 0 in WOVF

1 Set by TCNT overflow in watchdog timer mode

* Bit 6 (reset enable (RSTE)): RSTE selects whether to reset the chip internally if the TCNT
overflows in the watchdog timer mode.

Bit 6: RSTE Description

0 Not reset when TCNT overflows (initial value). LSI not reset internally,
but TCNT and TCSR reset within WDT.

1 Reset when TCNT overflows

o Bit5 (reset select (RSTS)): RSTS selects the type of internal reset generated if the TCNT
overflows in the watchdog timer mode.

Bit 5: RSTS Description
0 Power-on reset initial value)
1 Manual reset

« Bits4-0 (reserved): These bits alwaysread as 1. The write value should always be 1.
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12.24 Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registersin that they
are more difficult to write. The procedures for writing and reading these registers are given below.

Writingtothe TCNT and TCSR: These registers must be written by aword transfer instruction.
They cannot be written by byte transfer instructions. The TCNT and TCSR both have the same
write address. The write data must be contained in the lower byte of the written word. The upper
byte must be H'5A (for the TCNT) or H'A5 (for the TCSR) (figure 12.2). This transfers the write

data from the lower byte to the TCNT or TCSR.

Writing to the TCNT

15 8 7 0
Address: H'5FFFFBS ’H'SA ‘Write data \
Writing to the TCSR
15 8 7 0
Address: H'5FFFFB8 ‘H'AS ‘Write data \

Figure12.2 Writingtothe TCNT and TCSR

RENESAS 333



Writing to the RSTCSR: The RSTCSR must be written by aword access to address
H'5SFFFFFBA. It cannot be written by byte transfer instructions. Procedures for writing O in
WOVF (bit 7) and for writing to RSTE (bit 6) and RSTS (bit 5) are different, as shown in figure
12.3. To write 0 in the WOVF hit, the write data must be H'A5 in the upper byte and H'00 in the
lower byte. This clears the WOVF hit to 0. The RSTE and RSTS bits are not affected. To write to
the RSTE and RSTS hits, the upper byte must be H'5A and the lower byte must be the write data.
The values of bits 6 and 5 of the lower byte are transferred to the RSTE and RSTS bits,
respectively. The WOVF bit is not affected.

Writing 0 to the WOVF bit

15 8 7 0
Address: H'5FFFFBA ’H'AS ’H'OO ]
Writing to the RSTE and RSTS bits

15 8 7 0
Address: H'5FFFFBA ’H‘SA ’Write data ]

Figure12.3 Writingtothe RSTCSR

Reading from the TCNT, TCSR, and RSTCSR: TCNT, TCSR, and RSTCSR areread like
other registers. Use byte transfer instructions. The read addresses are H'5FFFFB8 for the TCSR,
H'5FFFFBO for the TCNT, and H'5FFFFBB for the RSTCSR.

12.3  Operation

12.3.1 Operation in the Watchdog Timer Mode

To usethe WDT as awatchdog timer, set the WT/IT and TME bits of the TCSR to 1. Software
must prevent TCNT overflow by rewriting the TCNT vaue (normally by writing H'00) before
overflow occurs. If the TCNT fails to be rewritten and overflows due to a system crash or the like,
aWDTOVF signal isoutput (figure 12.4). The WDTOVF signal can be used to reset external
system devices. The WDTOVF signal is output for 128¢ clock cycles.

If the RSTE bitinthe RSTCSR is set to 1, asignal to reset the chip will be generated internally
simultaneous to the WDTOVF signal when TCNT overflows. Either a power-on reset or a manual
reset can be selected by the RSTS bit. Theinternal reset signal is output for 512¢ clock cycles.

When awatchdog reset is generated simultaneously with input at the RES pin, the software
distinguishes the RES reset from the watchdog reset by checking the WOV F bit in the RSTCSR.
The RES reset takes priority. The WOVF hit is cleared to O.
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TCNT
value

A Overflow
o S e

H'00
Nt v NS
WT/AT=1 HOO written WOVF=1 WT/T=1 HOO written
TME=1  inTCNT TME=1 in TCNT
WDTOVF and

internal reset generated

WDTOVF ¢

signal I_,
>

128¢ clock

Internal
reset signal*

1]

512¢ clock

WT/IT: Timer mode select bit
TME: Timer enable bit
Note:  The internal reset signal is only generated when the RSTE bit is 1.

Figure12.4 Operation in the Watchdog Timer Mode
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12.3.2  Operation in theInterval Timer Mode

To usethe WDT asan interval timer, clear WT/IT to 0 and set TME to 1. An interval timer
interrupt (1TI) is generated each time the timer counter overflows. This function can be used to
generate interval timer interrupts at regular intervals (figure 12.5).

TCNT value
A Overflow Overflow Overflow Overflow
=
H'00 ? ¢ ¢ ¢ ¢ » Time
WT/IT=0 ITI ITI ITI ITI
TME =1

Figure12.5 Operation in the Interval Timer Mode

12.3.3  Operation in the Standby Mode

The watchdog timer has a special function to clear the standby mode with an NMI interrupt. When
using the standby mode, set the WDT as described below.

Transition to the Standby M ode: The TME hit in the TCSR must be cleared to 0 to stop the
watchdog timer counter before it enters the standby mode. The chip cannot enter the standby mode
whilethe TME bit is set to 1. Set bits CK S2—-CK S0 so that the counter overflow interval is equal

to or longer than the oscillation settling time. See section 20.3, AC Characteristics, for the
oscillation settling time.

Recovery from the Standby M ode: When an NMI request signal isreceived in standby mode,
the clock oscillator starts running and the watchdog timer starts counting at the rate selected by
bits CKS2—CK SO before the standby mode was entered. When the TCNT overflows (changes
from H'FF—H'00), the system clock (¢) is presumed to be stable and usable; clock signals are
supplied to the entire chip and the standby mode ends.

For details on the standby mode, see section 19, Power Down States.
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12.34  Timing of Setting the Overflow Flag (OVF)

In theinterval timer mode, when the TCNT overflows the OVF flag is set to 1 and an interval
timer interrupt is requested (figure 12.6).

TCNT S H'FF ><H'OO
I

Overflow signal

(internal signal) _

OVF « |

U

Figure12.6 Timing of Settingthe OVF

12.35 Timing of Setting the Watchdog Timer Overflow Flag (WOVF)

When the TCNT overflows the WOVF bit of the RSTCSR is set to 1 and a WDTOVF signal is
output. When the RSTE bit isset to 1, TCNT overflow enables an internal reset signal to be
generated for the entire chip (figure 12.7).

S P e e N e e B e

—
O
zZ
—
T
T
T
T
S
S

Overflow signal
(internal signal) 4 ()(}

((
| )

WOVF «

)]

Figure12.7 Timing of Settingthe WOVF Bit and Internal Reset
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12.4  Usage Notes

1241 TCNT Writeand Count Up Contention

If atimer counter clock pulseis generated during the T3 state of awrite cycleto the TCNT, the
write takes priority and the timer counter is not incremented (figure 12.8).

TCNT write cycle
PELLENPELLINPELLEN
o« | L) L L) [ [

Address >< TCNT address ><
Internal

write signal I—,
TCNT
input clock

TCNT N >< « M

Counter write data

Figure12.8 Contention between TCNT Write and Increment

12.4.2 Changing CK S2-CK S0 Bit Values

If the values of bits CK S2—CK SO are altered while the WDT is running, the count may increment
incorrectly. Always stop the watchdog timer (by clearing the TME bit to 0) before changing the
values of bits CKS2—CK S0.

12.43 Changing Watchdog Timer/Interval Timer Modes

To prevent incorrect operation, always stop the watchdog timer (by clearing the TME hit to 0)
before switching between interval timer mode and watchdog timer mode.
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1244  System Reset With WDTOVF

If aWDTOVF signal isinput to the RES pin, the LSI cannot initialize correctly. Avoid logical
input of the WDTOVF output signal to the RES input pin. To reset the entire system with the
WDTOVF signal, use the circuit shown in figure 12.9.

SuperH
microprocessor

Reset input ’ RES

Reset signal to
entire system WDTOVF

Figure12.9 Example of a System Reset Circuit with a WDTOVF Signal

1245 Internal Reset With the Watchdog Timer

If the RSTE bit is cleared to 0 in the watchdog timer mode, the LSI will not reset internally when a
TCNT overflow occurs, but the TCNT and TCSR in WDT will reset.
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Section 13 Serial Communication Interface (SCI)

13.1 Overview

The SuperH microcomputer has a serial communication interface (SCI) with two independent
channels. Both channels are functionally identical. The SCI supports both asynchronous and
clocked synchronous serial communication. It aso has a multiprocessor communication function
for serial communi cation among two or more processors.

13.1.1 Features

* Asynchronous mode
O Serial data communications are synched by start-stop in character units. The SCI can
communicate with a universal asynchronous receiver/transmitter (UART), an asynchronous
communication interface adapter (ACIA), or any other chip that employs a standard
asynchronous serial communication. It can also communicate with two or more other
processors using the multiprocessor communication function. There are twelve selectable
serial data communication formats.
0 Datalength: seven or eight bits
O Stop bit length: one or two bits
O Parity: even, odd, or none
O Multiprocessor hit: one or none
O Receive error detection: parity, overrun, and framing errors
O Break detection: by reading the RxD level directly when aframing error occurs
» Clocked synchronous mode
0 Serial datacommunication is synchronized with a clock signal. The SCI can communicate
with other chips having a clocked synchronous communication function. There is one serial
data communication format.
O Datalength: eight bits
O Receive error detection: overrun errors
* Full duplex communication: The transmitting and receiving sections are independent, so the
SCI can transmit and receive simultaneously. Both sections use double buffering, so
continuous data transfer is possible in both the transmit and receive directions.
*  On-chip baud rate generator with selectable bit rates
e Internal or external transmit/receive clock source: baud rate generator (internal) or SCK pin
(external)
» Four types of interrupts: Transmit-data-empty, transmit-end, receive-data-full, and receive-
error interrupts are requested independently. The transmit-data-empty and receive-data-full
interrupts can start the direct memory access controller (DMAC) to transfer data.
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13.1.2

Block Diagram

Figure 13.1 shows a block diagram of the SCI.

| |
| 3| |
| £ : Internal
! < Module data bus "g E data bus
| ol i
| 5 |
| |
| |
' |
|
| RDR TDR SSR BRR |
| |
Y U | [ .
' -0
|
RXD — RSR TSR SMR Baudrate |¢——— @4
- enerator |€¢——+— @16
: + Transmit/ 9 : $64
| ; -«
XD 1: . rﬁcelve control :
[ Parity Clock I
! generation :
| Parity check External clock :
SCK < xternal cloc i
|
| : » TEI
| —» TXI
i L—p RX|
| —» ERI

RSR: Receive shift register
RDR: Receive data register
TSR: Transmit shift register
TDR: Transmit data register

SMR: Serial mode register
SCR: Serial control register
SSR: Serial status register
BRR: Bit rate register
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13.1.3

Table 13.1 summarizes the SCI pins by channel.

Table13.1 SCI Pins

I nput/Output Pins

Channel  Pin Name Abbreviation Input/Output Function

0 Serial clock pin SCKO Input/output SCIO0 clock input/output
Receive data pin  RxDO Input SCIO receive data input
Transmit data pin  TxDO Output SCIO0 transmit data output

1 Serial clock pin SCK1 Input/output SCI1 clock input/output
Receive data pin  RxD1 Input SCI1 receive data input
Transmit data pin  TxD1 Output SCI1 transmit data output

13.1.4 Register Configuration

Table 13.2 summarizes the SCI internal registers. These registers select the communication mode
(asynchronous or clocked synchronous), specify the data format and bit rate, and control the
transmitter and receiver sections.

Table13.2 Registers

Initial Access
Channel Address*! Name Abbreviation R/W Value size
0 H'O5FFFECO  Serial mode register SMRO R/W H'00 8, 16
H'O5FFFEC1 Bit rate register BRRO R/W H'FF 8,16
H'O5FFFEC2 Serial control register SCRO R/W H'00 8, 16
H'O5FFFEC3 Transmit data register TDRO R/W H'FF 8, 16
H'O5FFFEC4 Serial status register SSRO R/(W)*2 H'84 8, 16
H'O5FFFEC5 Receive data register RDRO R H'00 8, 16
1 H'O5FFFEC8 Serial mode register SMR1 R/W H'00 8, 16
H'O5FFFEC9 Bit rate register BRR1 R/W H'FF 8,16
H'O5FFFECA Serial control register SCR1 R/W H'00 8, 16
H'O5FFFECB Transmit data register TDR1 R/W H'FF 8, 16
H'O5FFFECC Serial status register SSR1 R/(W)*2 H'84 8, 16
H'O5FFFECD Receive data register RDR1 R H'00 8, 16

Notes: 1. Only the values of bits A27-A24 and A8-A0 are valid; bits A23-A9 are ignored. For
details on the register addresses, see section 8.3.5, Description of Areas.

2. Write 0 to clear flags.

RENESAS 343



13.2  Register Descriptions

13.21 Receive Shift Register

The receive shift register (RSR) receives serial data. Datainput at the RxD pin are loaded into the
RSR in the order received, LSB (bit 0) first. In thisway the SCI converts received datato parallel
form. When one byte has been received, it is automatically transferred to the receive data register
(RDR). The CPU cannot read or write the RSR directly.

Bit: 7 6 5 4 3 2 1 0

Bit name: ‘ ’

RIW:  — — — — — — — —

13.22 Receive Data Register

The receive data register (RDR) stores serial receive data. The SCI completes the reception of one
byte of serial data by moving the received data from the receive shift register (RSR) into the RDR
for storage. The RSR is then ready to receive the next data. This double buffering allows the SCI
to receive data continuously.

The CPU can read but not write the RDR. The RDR isiinitialized to H'00 by areset or in standby
mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: ‘ ’ ‘ ‘ ‘ ‘ ’ ‘
Initial value: 0 0 0 0 0 0 0 0
R/W:

13.23  Transmit Shift Register

The transmit shift register (TSR) transmits seria data. The SCI loads transmit data from the
transmit data register (TDR) into the TSR, then transmits the data serially from the TxD pin, LSB
(bit O) first. After transmitting one data byte, the SCI automatically loads the next transmit data
from the TDR into the TSR and starts transmitting again. If the TDRE bit of the SSRis 1,
however, the SCI does not load the TDR contents into the TSR. The CPU cannot read or write the
TSR directly.

Bit: 7 6 5 4 3 2 1 0

Bit name: ‘ ’ ‘ ‘

RIW:  — — — — — — — —
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13.24  Transmit Data Register

The transmit dataregister (TDR) is an eight-bit register that stores data for seria transmission.
When the SCI detects that the transmit shift register (TSR) is empty, it moves transmit data written
in the TDR into the TSR and starts serial transmission. Continuous serial transmission is possible
by writing the next transmit datain the TDR during serial transmission from the TSR.

The CPU can always read and write the TDR. The TDR isinitialized to H'FF by areset or in
standby mode.

Bit: 7 6 5 4 3 2 1 0
Bit name: | ] [ | ] |
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

13.25 Serial Mode Register

The serial mode register (SMR) is an eight-bit register that specifies the SCI serial communication
format and selects the clock source for the baud rate generator.

The CPU can always read and write the SMR. The SMR isinitialized to H'00 by areset or in
standby mode.

Bt 7 6 5 4 3 2 1 0
Bit name:‘ CIA ] CHR ‘ PE ] OIE \ STOP ‘ MP ] CKS1 ‘ CKSO0 ]
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

*  Bit 7 (communication mode (C/A)): C/A selects whether the SCI operates in the asynchronous
or clocked synchronous mode.

Bit 7: C/A Description
0 Synchronous mode (initial value)
1 Clocked synchronous mode
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« Bit 6 (character length (CHR)): CHR selects seven-hit or eight-bit data in the asynchronous
mode. In the clocked synchronous mode, the data length is always eight bits, regardless of the

CHR setting.
Bit 6: CHR Description
0 Eight-bit data (initial value)
1 Seven-bit data. When seven-bit data is selected, the MSB (bit 7) of the

transmit data register is not transmitted.

* Bit 5 (parity enable (PE)): PE selects whether to add a parity bit to transmit data and check the
parity of receive data, in the asynchronous mode. In the clocked synchronous mode, a parity
bit is neither added nor checked, regardless of the PE setting.

Bit 5: PE Description
0 Parity bit not added or checked (initial value)
1 Parity bit added and checked. When PE is set to 1, an even or odd

parity bit is added to transmit data, depending on the parity mode (O/E)
setting. Receive data parity is checked according to the even/odd (O/E)
mode setting.

« Bit 4 (parity mode (O/E): O/E selects even or odd parity when parity bits are added and
checked. The O/E setting is used only in asynchronous mode and only when the parity enable
bit (PE) is set to 1 to enable parity addition and check. The O/E setting isignored in the
clocked synchronous mode, or in the asynchronous mode when parity addition and check is

disabled.

Bit 4. O/E

Description

0

Even parity. If even parity is selected, the parity bit added to transmit
data makes an even number of 1s in the transmitted character and
parity bit combined. Receive data must have an even number of 1s in
the received character and parity bit combined (initial value).

Odd parity. If odd parity is selected, the parity bit added to transmit
data makes an odd number of 1s in the transmitted character and
parity bit combined. Receive data must have an odd number of 1s in
the received character and parity bit combined.
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Bit 3 (stop hit length (STOP)): STOP selects one or two bits as the stop bit length in the
asynchronous mode. This setting is used only in the asynchronous mode. It isignored in the
clocked synchronous mode because no stop bits are added.

In receiving, only thefirst stop bit is checked, regardless of the STOP bit setting. If the second
stop bitis1, it istreated as a stop bit. If the second stop bitis 0, it is treated as the start bit of
the next incoming character.

Bit 3: STOP Description

0

One stop bit. In transmitting, a single bit of 1 is added at the end of
each transmitted character (initial value).

Two stop bits. In transmitting, two bits of 1 are added at the end of
each transmitted character.

Bit 2 (multiprocessor mode (MP)): MP selects multiprocessor format. WWhen multiprocessor
format is selected, settings of the parity enable (PE) and parity mode (O/E) bits are ignored.
The MP hit setting is used only in the asynchronous mode; it isignored in the clocked
synchronous mode. For the multiprocessor communication function, see section 13.3.3,
Multiprocessor Communication.

Bit 2: MP Description
0 Multiprocessor function disabled (initial value)
1 Multiprocessor format selected
e Bitsland 0 (clock select 1 and 0 (CKS1 and CKS0)): CKS1 and CK S0 select the internal
clock source of the on-chip baud rate generator. Four clock sources are available: ¢, ¢/4, ¢/16,
and @/64. For further information on the clock source, bit rate register settings, and baud rate,
see section 13.2.8, Bit Rate Register.
Bit 1: CKS1 Bit 0: CKSO Description
0 0 System clock (¢) (initial value)
1 o4
1 0 @16
1 @64
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13.26  Serial Control Register

The serial control register (SCR) enables the SCI transmitter/receiver, selects serial clock output in
the asynchronous mode, enables and disables interrupts, and selects the transmit/receive clock
source. The CPU can always read and write the SCR. The SCR isinitialized to H'00 by areset or
in standby mode.

Bit 7 6 5 4 3 2 1 0
Bitname:‘ TIE ] RIE \ TE ‘ RE \ MPIE ‘ TEIE ] CKEl‘ CKEO ‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

e Bit 7 (transmit interrupt enable (TIE)): TIE enables or disables the transmit-data-empty
interrupt (TX1) requested when the transmit data register empty bit (TDRE) in the seria status
register (SSR) is set to 1 due to transfer of serial transmit data from the TDR to the TSR.

Bit 7: TIE Description

0 Transmit-data-empty interrupt request (TXI) is disable. The TXI
interrupt request can be cleared by reading TDRE after it has been set
to 1, then clearing TDRE to 0, or by clearing TIE to O (initial value).

1 Transmit-data-empty interrupt request (TXI) is enabled

e Bit 6 (receiveinterrupt enable (RIE)): RIE enables or disables the receive-data-full interrupt
(RXI) requested when the receive data register full bit (RDRF) in the serial status register
(SSR) isset to 1 dueto transfer of serial receive data from the RSR to the RDR. Also enables
or disables receive-error interrupt (ERI) requests.

Bit 6: RIE Description

0 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI)
requests are disabled. RXI and ERI interrupt requests can be cleared
by reading the RDRF flag or error flag (FER, PER, or ORER) after it
has been set to 1, then clearing the flag to O, or by clearing RIE to 0
(initial value).

1 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI)
requests are enabled
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Bit 5 (transmit enable (TE)): TE enables or disables the SCI transmitter.

Bit 5: TE Description

0 Transmitter disabled. The transmit data register empty bit (TDRE) in
the serial status register (SSR) is locked at 1 (initial value).

1 Transmitter enabled. Serial transmission starts when the transmit data
register empty (TDRE) bit in the serial status register (SSR) is cleared
to 0 after writing of transmit data into the TDR. Select the transmit
format in the SMR before setting TE to 1.

» Bit 4 (receive enable (RE)): RE enables or disables the SCI receiver.

Bit 4: RE Description

0 Receiver disabled (initial value). Clearing RE to 0 does not affect the
receive flags (RDRF, FER, PER, ORER). These flags retain their
previous values.

1 Receiver enabled. Serial reception starts when a start bit is detected in
the asynchronous mode, or serial clock input is detected in the clocked
synchronous mode. Select the receive format in the SMR before
setting RE to 1.

« Bit 3 (multiprocessor interrupt enable (MPIE)): MPIE enables or disables multiprocessor
interrupts. The MPIE setting is used only in the asynchronous mode, and only if the
multiprocessor mode bit (MP) in the serial mode register (SMR) is set to 1 during reception.
The MPIE setting isignored in the clocked synchronous mode or when the MP bit is cleared to
0.

Bit 3: MPIE Description
0 Multiprocessor interrupts are disabled (normal receive operation) (initial
value)

MPE is cleared to 0 when:
1. MPIE is cleared to O, or
2. Multiprocessor bit (MPB) is set to 1 in receive data.

1 Multiprocessor interrupts are enabled: Receive-data-full interrupt
requests (RXI), receive-error interrupt requests (ERI), and setting of
the RDRF, FER, and ORER status flags in the serial status register
(SSR) are disabled until the multiprocessor bit is set to 1.

The SCI does not transfer receive data from the RSR to the RDR, does
not detect receive errors, and does not set the RDRF, FER, and ORER
flags in the serial status register (SSR). When it receives data that
includes MPB = 1, MPB is set to 1, and the SCI automatically clears
MPIE to 0, generates RXI and ERI interrupts (if the TIE and RIE bits in
the SCR are set to 1), and allows the FER and ORER to be set.
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« Bit 2 (transmit-end interrupt enable (TEIE)): TEIE enables or disables the transmit-end
interrupt (TEI) requested if TDR does not contain new transmit datawhen the MSB is

transmitted.

Bit 2: TEIE Description

0 Transmit-end interrupt (TEI) requests are disabled* (initial value)

The TEI request can be cleared by reading the TDRE bit in the serial
status register (SSR) after it has been set to 1, then clearing TDRE to
0; by clearing the transmit end (TEND) bit to O; or by clearing the TEIE

bit to 0.

1 Transmit-end interrupt (TEI) requests are enabled.

e Bitsland 0 (clock enable 1 and 0 (CKE1 and CKEQ)): CKE1 and CKEO select the SCI clock
source and enable or disable clock output from the SCK pin. Depending on the combination of
CKE1 and CKEQ, the SCK pin can be used for general-purpose input/output, serial clock

output, or serial clock input.

The CKEO setting is valid only in the asynchronous mode, and only when the SCI is internally
clocked (CKEL = 0). The CKEQ setting isignored in the clocked synchronous mode, or when
an external clock sourceis selected (CKEL = 1). Select the SCI operating mode in the seria
mode register (SMR) before setting CKE1 and CKEQ. For further details on selection of the
SCI clock source, see table 13.9 in section 13.3, Operation.

Bit 1: BitO:

CKE1 CKEO Description*!

0 0 Synchronous mode Internal clock, SCK pin used for input pin (input
signal is ignored or output pin output level is
undefined)

Clocked synchronous mode Internal clock, SCK pin used for serial clock output*2

0 1 Synchronous mode Internal clock, SCK pin used for clock output*3

Clocked synchronous mode Internal clock, SCK pin used for serial clock output

1 0 Synchronous mode External clock, SCK pin used for clock input*#

Clocked synchronous mode External clock, SCK pin used for serial clock input
1 1 Synchronous mode External clock, SCK pin used for clock input*4

Clocked synchronous mode

External clock, SCK pin used for serial clock input

Notes: 1. The SCK pin is multiplexed with other functions. Set the pin function controller (PFC) to
select the SCK function and the SCK input/output of the SCK pin.

2. Initial value

w

The output clock frequency is the same as the bit rate.

4. The input clock frequency is 16 times the bit rate.
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13.2.7  Serial Status Register

The serial status register (SSR) is an 8-bit register containing multiprocessor bit values, and status
flags that indicate SCI operating status.

The CPU can always read and write the SSR, but cannot write 1 in the status flags (TDRE, RDRF,
ORER, PER, and FER). These flags can be cleared to 0 only if they have first been read (after
being set to 1). Bits2 (TEND) and 1 (MPB) are read-only bits that cannot be written. The SSR is
initialized to H'84 by areset or in standby mode.

Bit. 7 6 5 4 3 2 1 0

Bit name: | TDRE | RDRF | ORER | FER | PER | TEND | MPB | MPBT |
Initial value: 1 0 0 0 0 1 0 0
RW: RIW)* RIW)* RIW)* RIW)* R(W)* R R RIW

Note: Write O to clear flag.

* Bit 7 (transmit data register empty (TDRE)): TDRE indicates that the SCI has loaded transmit
data from the TDR into the TSR and serial transmit new data can be written in the TDR.

Bit 7: TDRE Description

0 TDR contains valid transmit data
TDRE is cleared to 0 when:
* Software reads TDRE after it has been set to 1, then writes 0 in TDRE
» The DMAC writes data in TDR

1 TDR does not contain valid transmit data (initial value)
TDRE is set to 1 when:
» The chip is reset or enters standby mode
» The TE bit in the serial control register (SCR) is cleared to 0
* TDR contents are loaded into TSR, so new data can be written in TDR
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* Bit 6 (receive dataregister full (RDRF)): RDRF indicates that RDR contains received data.

Bit 6: RDRF Description

0 RDR does not contain valid received data (initial value)
RDREF is cleared to 0 when:
» The chip is reset or enters standby mode
» Software reads RDRF after it has been set to 1, then writes 0 in RDRF
e The DMAC reads data from RDR

1 RDR contains valid received data.

RDRF is set to 1 when serial data is received normally and transferred from
RSR to RDR.

Note: The RDR and RDRF are not affected by detection of receive errors or by clearing of the RE
bit to 0 in the serial control register. They retain their previous contents. If RDRF is still set
to 1 when reception of the next data ends, an overrun error (ORER) occurs and the
received data is lost.

* Bit5 (overrun error (ORER)): Indicates that data reception ended abnormally dueto an
overrun error.

Bit 5: ORER Description

0 Receiving is in progress or has ended normally (initial value)*!
ORER is cleared to 0 when:
» The chip is reset or enters standby mode
» Software reads ORER after it has been set to 1, then writes 0 in ORER

1 A receive overrun error occurred*?
ORER is set to 1 if reception of the next serial data ends when RDRF is set to 1

Notes: 1. Clearing the RE bit to O in the serial control register does not affect the ORER bit, which
retains its previous value.
2. RDR continues to hold the data received before the overrun error, so subsequent
receive data is lost. Serial receiving cannot continue while ORER is set to 1. In the
clocked synchronous mode, serial transmitting is disabled.
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» Bit 4 (framing error (FER)): FER indicates that data reception ended abnormally dueto a
framing error in the asynchronous mode.

Bit 4: FER Description

0 Receiving is in progress or has ended normally. Clearing the RE bit to 0 in the
serial control register does not affect the FER bit, which retains its previous
value (initial value).
FER is cleared to 0 when:
» The chip is reset or enters standby mode
 Software reads FER after it has been set to 1, then writes 0 in FER

1 A receive framing error occurred. When the stop bit length is two bits, only the

first bit is checked. The second stop bit is not checked. When a framing error
occurs, the SCI transfers the receive data into the RDR but does not set RDRF.
Serial receiving cannot continue while FER is set to 1. In the clocked
synchronous mode, serial transmitting is also disabled.

FER is set to 1 if the stop bit at the end of receive data is checked and found to
be 0.

» Bit 3 (parity error (PER)): PER indicates that data reception (with parity) ended abnormally
due to a parity error in the asynchronous mode.

Bit 3: PER Description

0 Receiving is in progress or has ended normally. Clearing the RE bit to 0 in the
serial control register does not affect the PER bit, which retains its previous
value (initial value).
PER is cleared to 0 when:
» The chip is reset or enters standby mode
* Software reads PER after it has been set to 1, then writes 0 in PER

1 A receive parity error occurred. When a parity error occurs, the SCI transfers the

receive data into the RDR but does not set RDRF. Serial receiving cannot
continue while PER is set to 1. In the clocked synchronous mode, serial
transmitting is also disabled.

PER is set to 1 if the number of 1s in receive data, including the parity bit, does
not match the even or odd parity setting of the parity mode bit (O/E) in the serial
mode register (SMR).
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e Bit 2 (transmit end (TEND)): TEND indicates that when the last bit of a serial character was
transmitted, the TDR did not contain new transmit data, so transmission has ended. TEND isa
read-only bit and cannot be written.

Bit 2: TEND Description

0 Transmission is in progress
TEND is cleared to 0 when:
« Software reads TDRE after it has been set to 1, then writing 0 in TDRE
e The DMAC writes data in TDR

1 End of transmission (initial value)
TEND is set to 1 when:
» The chip is reset or enters standby mode
» TE is cleared to 0 in the serial control register (SCR)
« TDRE is 1 when the last bit of a one-byte serial character is transmitted

e Bit 1 (multiprocessor bit (MPB)): MPB stores the value of the multiprocessor bit in receive
data when a multiprocessor format is selected for receiving in the asynchronous mode. The
MPB isaread-only bit and cannot be written.

Bit 1: MPB Description

0 Multiprocessor bit value in receive data is 0. If RE is cleared to 0 when a
multiprocessor format is selected, the MPB retains its previous value (initial
value).

1 Multiprocessor bit value in receive data is 1

* Bit 0 (multiprocessor bit transfer (MPBT)): MPBT stores the value of the multiprocessor bit
added to transmit data when a multiprocessor format is selected for transmitting in the
asynchronous mode. The MPBT setting isignored in the clocked synchronous mode, when a
multiprocessor format is not selected, or when the SCI is not transmitting.

Bit 0: MPBT Description

0 Multiprocessor bit value in transmit data is 0 (initial value)

1 Multiprocessor bit value in transmit data is 1
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13.2.8 Bit Rate Register (BRR)

The bit rate register (BRR) is an eight-bit register that, together with the baud rate generator clock
source selected by the CKS1 and CK S0 hitsin the serial mode register (SMR), determines the
serial transmit/receive bit rate.

The CPU can always read and write the BRR. The BRR isinitialized to H'FF by areset or in
standby mode. SCI1 and SCI2 have independent baud rate generator control, so different values
can be set in the two channels.

Bit: 7 6 5 4 3 2 1 0
Bit name: ] [ | ] |
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Table 13.3 shows examples of BRR settings in the asynchronous mode; table 13.4 shows
examples of BBR settingsin the clocked synchronous mode.

Table13.3 Bit Ratesand BRR Settingsin Asynchronous M ode

¢ (MHz)

2 2.097152
Bit Rate Error (%) Error (%)
(bits/s) n N n N
110 1 141 0.03 1 148 -0.04
150 1 103 0.16 1 108 0.21
300 0 207 0.16 0 217 0.21
600 0 103 0.16 0 108 0.21
1200 0 51 0.16 0 54 -0.70
2400 0 25 0.16 0 26 1.14
4800 0 12 0.16 0 13 -2.48
9600 — — — 0 6 -2.48
19200 — — — — — —
31250 0 1 0.00 — — —
38400 — — — — — —
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Table13.3 Bit Ratesand BRR Settingsin Asynchronous M ode (cont)

¢ (MHz)
2.4576 3.6864

Bit Rate(bits/s) n N Error (%) n N Error (%) n N Error (%)
110 1 174 -0.26 1 212 0.03 2 64 0.70
150 1 127 0.00 1 155 0.16 1 191 0.00
300 0 255 0.00 1 77 0.16 1 95 0.00
600 0 127 0.00 0 155 0.16 0 191 0.00
1200 0 63 0.00 0 77 0.16 0 95 0.00
2400 0 31 0.00 0 38 0.16 0 47 0.00
4800 0 15 0.00 0 19 -2.34 0 23 0.00
9600 0 0.00 0 9 -2.34 0 11 0.00
19200 0 3 0.00 0 4 —-2.34 0 5 0.00
31250 — — — 0 2 0.00 — — —
38400 0 1 0.00 — — — 0 2 0.00
Table13.3 Bit Ratesand BRR Settingsin Asynchronous M ode (cont)

¢ (MHz)

4.9152
Bit Rate(bits/s) n N Error (%) n N Error (%) n N Error (%)
110 2 70 0.03 2 86 0.31 2 88 -0.25
150 1 207 0.16 1 255 0.00 2 64 0.16
300 1 103 0.16 1 127 0.00 1 129 0.16
600 0 207 0.16 0 255 0.00 1 64 0.16
1200 0 103 0.16 0 127 0.00 0 129 0.16
2400 0 51 0.16 0 63 0.00 0 64 0.16
4800 0 25 0.16 0 31 0.00 0 32 -1.36
9600 0 12 0.16 0 15 0.00 0 15 1.73
19200 — — — 0 0.00 0 1.73
31250 0 3 0.00 0 -1.70 0 4 0.00
38400 — — — 0 0.00 0 1.73
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Table13.3 Bit Ratesand BRR Settingsin Asynchronous M ode (cont)

¢ (MHz)
6 6.144 7.3728
Bit Rate(bits/s) n N Error (%) n N Error (%) n N Error (%)
110 2 106 -0.44 2 108 0.08 2 130 -0.07
150 2 77 0.16 2 79 0.00 2 95 0.00
300 1 155 0.16 1 159 0.00 1 191 0.00
600 1 77 0.16 1 79 0.00 1 95 0.00
1200 0 155 0.16 0 159 0.00 0 191 0.00
2400 0 77 0.16 0 79 0.00 0 95 0.00
4800 0 38 0.16 0 39 0.00 0 47 0.00
9600 0 19 -2.34 0 19 0.00 0 23 0.00
19200 0 9 -2.34 0 9 0.00 0 11 0.00
31250 0 0.00 0 2.40 — — —
38400 0 4 -2.34 0 4 0.00 0 5 0.00
Table13.3 Bit Ratesand BRR Settingsin Asynchronous M ode (cont)
¢ (MHz)
8 9.8304 10 12
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 141 0.03 2 174 -0.26 2 177 025 2 212 0.03
150 2 103 0.16 2 127 0.00 2 129 0.16 2 155 0.16
300 1 207 0.16 1 255 0.00 2 64 0.16 2 77 0.16
600 1 103 0.16 1 127 000 1 129 016 1 155 0.16
1200 0 207 016 O 255 000 1 64 016 1 77 0.16
2400 0 103 016 O 127 000 O 129 016 O 155 0.16
4800 0 51 016 O 63 0.00 O 64 016 O 77 0.16
9600 0 25 016 O 31 000 O 32 -1.36 O 38 0.16
19200 0 12 016 O 15 000 O 15 173 O 19 -2.34
31250 0 7 0.00 O 9 -1.70 O 9 0.00 O 11 0.00
38400 — — — 0 7 000 O 7 173 0 9 -2.34
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Table13.3 Bit Ratesand BRR Settingsin Asynchronous M ode (cont)

¢ (MHz)

12.288 14 14.7456 16
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 217 0.08 2 248 -0.17 3 64 070 3 70 0.03
150 2 159 0.00 2 181 0.16 2 191 0.00 2 207 0.16
300 2 79 000 2 90 016 2 95 000 2 103 0.16
600 1 159 0.00 1 181 016 1 191 0.00 1 207 0.16
1200 1 79 0.00 1 90 016 1 95 0.00 1 103 0.16
2400 0 159 0.00 O 181 0.16 O 191 0.00 O 207 0.16
4800 0 79 000 O 90 016 O 95 000 O 103 0.16
9600 0 39 0.00 O 45 -093 0 47 0.00 O 51 0.16
19200 0 19 000 O 22 093 0 23 000 O 25 0.16
31250 0 11 240 O 13 000 O 14 -170 O 15  0.00
38400 0 9 0.00 — — — 0 11 0.00 O 12 0.16
Table13.3 Bit Ratesand BRR Settingsin Asynchronous M ode (cont)

¢ (MHz)

17.2032 18 19.6608 20
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 3 75 0.48 3 79 -0.12 3 86 031 3 88 -0.25
150 2 223 0.00 2 233 016 2 255 0.00 3 64 0.16
300 2 1112 0.00 2 116 0.16 1 127 0.00 2 129 0.16
600 1 223 0.00 1 233 016 1 255 0.00 2 64 0.16
1200 1 111 0.00 1 116 0.16 O 127 0.00 1 129 0.16
2400 0 223 0.00 O 233 016 O 255 000 1 64 0.16
4800 0 111 000 O 116 0.16 O 127 000 O 129 0.16
9600 0 55 000 O 58 -0.69 0 63 000 O 64 0.16
19200 0 27 000 O 28 102 O 31 000 O 32 -1.36
31250 0 16 120 O 17 0.00 O 19 -1.70 O 19 0.00
38400 0 13 000 O 14 -234 0 15 000 O 15 1.73
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Table13.4 Bit Ratesand BRR Settingsin Clocked Synchronous Mode

¢ (MHz)

Bit Rate 2 4 8 10 16 20

(bits/s) n N n N n N n N n N n N
110 3 70 - — - - - - - - - —
250 2 124 2 249 3 124 — — 3 249 — —
500 1 249 2 124 2 249 — — 3 124 — —
1k 1 124 1 249 2 124 — — 2 249 — —
2.5k 0 199 1 99 1 199 1 249 2 99 2 124
5k 0 99 0 199 1 99 1 124 1 199 1 249
10k 0 49 0 99 0 199 O 249 1 99 1 124
25k 0 19 0 39 0 79 0 99 0 159 0 199
50k 0 0 19 0 39 0 49 0 79 0 99
100k 0 4 0 9 0 19 0 24 0 39 0 49
250k 0 0 3 0 7 0 0 15 0 19
500k 0 ov 0 0 3 0 4 0 7 0
M 0 o* 0 - - 0 3 0 4
2.5M - - 0 o* - - 0
5M — — 0 0*

Note Settings with an error of 1% or less are recommended.
Blank: No setting available
— Setting possible, but error occurs
v Continuous transmit/receive not possible
The BRR setting is calculated as follows:
Asynchronous mode
N = [@/(64 x 22" ~1 x B)] x106 -1
Clocked synchronous mode
N =[@/(8 x 22" -1 x B)] x 106 -1
B: bit rate (bit/s)
N: BRR setting for baud rate generator (0 < N < 255)
@: @ frequency (MHz)
n: baud rate generator clock source (n =0, 1, 2, 3)
For the clock sources and values of n, see table 13.5.
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SMR Settings

n Clock Source CKs1 CKSO0
0 ) 0 0
1 @4 0 1
2 ©/16 1 0
3 @24 1 1

Find the bit rate error for the asynchronous mode by the following formula.
Error (%) = {(¢ x 108)/[(N + 1) x B x 64 x 22n — 1] -1} x 100
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Table 13.5 indicates the maximum bit rates in the asynchronous mode when the baud rate
generator is being used. Tables 13.6 and 13.7 show the maximum rates for external clock input.

Table13.5 Maximum Bit Ratesfor Various Frequencieswith Baud Rate Generator

(Asynchronous M ode)
Settings
© (MHz) Maximum Bit Rate (bits/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 153600 0 0
5 156250 0 0
6 187500 0 0
6.144 192000 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0
17.2032 537600 0 0
18 562500 0 0
19.6608 614400 0 0
20 625000 0 0
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Table13.6 Maximum Bit Rates during External Clock Input (Asynchronous M ode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6834 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250
19.6608 4.9152 307200
20 5.0000 312500
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Table13.7 Maximum Bit Rates during External Clock Input (Clocked Synchronous M ode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.3333 333333.3
4 0.6667 666666.7
6 1.0000 1000000.0
8 1.3333 1333333.3
10 1.6667 1666666.7
12 2.0000 2000000.0
14 2.3333 2333333.3
16 2.6667 2666666.7
18 3.0000 3000000.0
20 3.3333 3333333.3

13.3 Operation

13.3.1 Overview

The SCI has an asynchronous mode in which characters are synchronized individualy, and a
clocked synchronous mode in which communication is synchronized with clock pulses. Serial
communication is possible in either mode. Asynchronous/clocked synchronous mode and the
communication format are selected in the serial mode register (SMR), as shown in table 13.8. The
SCI clock sourceis selected by the C/A bit in the serial mode register (SMR) and the CKE1 and
CKEQ bitsin the serial control register (SCR), as shown in table 13.9.

Asynchronous M ode;

« Datalength is selectable: seven or eight bits.

 Parity and multiprocessor bits are selectable. So isthe stop bit length (one or two bits). The
preceding sel ections constitute the communication format and character length.

* Inreceiving, it is possible to detect framing errors (FER), parity errors (PER), overrun errors
(ORER), and the break state.

* Aninternal or external clock can be selected as the SCI clock source.

O When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and can output a serial clock signal with afrequency matching the bit rate.

O When an external clock is selected, the external clock input must have a frequency 16 times
the bit rate. (The on-chip baud rate generator is not used.)
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Clocked Synchronous M ode:

« The communication format has a fixed eight-bit data length.
e Inreceiving, it is possible to detect overrun errors (ORER).
* Aninterna or external clock can be selected as the SCI clock source.

0 When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and outputs a serial clock signal to external devices.

O When an external clock is selected, the SCI operates on the input serial clock. The on-chip
baud rate generator is not used.

Table13.8 Serial Mode Register Settingsand SCI Communication Formats

SMR Settings SCI Communication Format
Bit 7: Bit6: Bit5: Bit2: Bit3: Data Parity ~ Multipro-  Stop Bit
Mode C/A CHR PE MP STOP Length Bit cessor Bit Length
Asynchronous 0 0 0 0 0 8-bit Absent Absent 1 bit
1 2 bits
1 0 Present 1 bit
1 2 bits
1 0 0 7-bit Absent 1 bit
1 2 bits
1 0 Present 1 bit
1 2 bits
Asynchronous 0 * 1 0 8-bit Absent Present 1 bit
(multiprocessor * 1 2 bits
format) - S E—
1 * 0 7-bit 1 bit
* 1 2 bits
Clocked 1 * * * * 8-bit Absent None
synchronous

Note: Asterisks (*) in the table indicate don't-care bits.
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Table 13.9 SMR and SCR Settingsand SCI Clock Source Selection

SMR SCR Settings SCI Transmit/Receive Clock

Bit 7: Bit 1: Bit O:
Mode C/IA CKEl CKEO Clock Source SCK Pin Function*
Asynchronous 0 0 0 Internal SCI does not use the SCK pin
mode 1 Outputs a clock with frequency

matching the bit rate

1 0 External Inputs a clock with frequency 16
times the bit rate
1
Clocked 1 0 0 Internal Outputs the serial clock
synch-
ronous mode 1
1 0 External Inputs the serial clock
1

Note: Select the function in combination with the pin function controller (PFC).
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13.3.2  Operation in Asynchronous M ode

In the asynchronous mode, each transmitted or received character begins with a start bit and ends
with a stop bit. Serial communication is synchronized one character at atime.

The transmitting and receiving sections of the SCI are independent, so full duplex communication
is possible. The transmitter and receiver are both double buffered, so data can be written and read
while transmitting and receiving are in progress, enabling continuous transmitting and receiving.

Figure 13.2 shows the general format of asynchronous serial communication. In asynchronous
serial communication, the communication lineis normally held in the mark (high) state. The SCI
monitors the line and starts serial communication when the line goes to the space (low) state,
indicating a start bit. One serial character consists of a start bit (low), data (LSB first), parity bit
(high or low), and stop bit (high), in that order.

When receiving in the asynchronous mode, the SCI synchronizes on the falling edge of the start
bit. The SCI samples each data bit on the eighth pulse of a clock with afrequency 16 times the bit
rate. Receive datais latched at the center of each bit.

Idling (mark state)

1 (LSB) (MSB) 1
Serial 0|D0|D1|D2|D3|D4|D5|D6|D7|0/1|1 1
data -

Start Parit Stop
bit bit bit
Ry Transmit/receive data Ry _
1 bit1 7 or 8 bits | 1 or‘ 1or

no bit 2 bits

One unit of communication (characters or frames)

A

Figure13.2 Data Format in Asynchronous Communication (Example: 8-bit data with
parity and two stop bits)
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Transmit/Receive Formats: Table 13.10 shows the 12 communication formats that can be
selected in the asynchronous mode. The format is selected by settings in the serial mode register
(SMR).

Table 13.10 Serial Communication Formats (asynchronous mode)

SMR Bits
CHR PE MP STOP 1 2 3 4 5 6 7 8 9 10 11 12

0 0 0 0 |START| 8-Bit data | sTOP|

0 0 0 1 |START| 8-Bit data | STOP | STOP |

0 1 0 0 |START| 8-Bit data | P |sTOP|

0 1 0 1 |START| 8-Bit data | P |STOP | sTOP|
1 0 0 0 | START| 7-Bit data | sTOP|

1 0 0 1 | START| 7-Bit data | STOP| STOP|

1 1 0 0 | START| 7-Bit data | P |sToP|

1 1 0 1 | START| 7-Bit data | P |STOP|sToP|

0 — 1 0 |START| 8-Bit data | MPB | STOP |

0 — 1 1 |START| 8-Bit data | MPB | STOP | STOP|
1 — 1 0 | START| 7-Bit data | MPB | STOP|

1 — 1 1 | START| 7-Bit data | MPB | STOP | STOP|

—: Don't care bits.

Note: START: Start bit
STOP: Stop bit
P: Parity bit
MPB: Multiprocessor bit

Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transmit/receive clock. The clock sourceis selected
by the C/A bit in the serial mode register (SMR) and bits CKE1 and CKEOQ in the serial control
register (SCR) (table 13.9).

When an external clock isinput at the SCK pin, it must have a frequency equal to 16 timesthe

RENESAS 367



desired bit rate.

When the SCI operates on an internal clock, it can output a clock signal at the SCK pin. The
frequency of this output clock is equal to the bit rate. The phase isaligned asin figure 13.3 so that
the rising edge of the clock occurs at the center of each transmit data bit.

S ) A O [ o B 0

| o |po|Dp1|D2| D3| Da|D5|D6|D7]0OL| 1 1

P 1 frame
B

v

Figure 13.3 Phase Relationship Between Output Clock and Serial Data (asynchronous
mode)

Transmitting and Receiving Data (SCI initialization (asynchronous mode)): Before
transmitting or receiving, software must clear the TE and RE bitsto O in the serial control register
(SCR), then initialize the SCI as follows.

When changing the communication mode or format, always clear the TE and RE bitsto 0 before
following the procedure given below. Clearing TE to 0 sets TDRE to 1 and initializes the transmit
shift register (TSR). Clearing RE to O, however, does not initialize the RDRF, PER, FER, and
ORER flags and receive data register (RDR), which retain their previous contents.

When an external clock is used, the clock should not be stopped during initialization or subsequent
operation. SCI operation becomes unreliable if the clock is stopped.

Figure 13.4 isasample flowchart for initializing the SCI. The procedure for initializing the SCI is
asfollows:

1. Select the communication format in the serial mode register (SMR).

2. Write the value corresponding to the bit rate in the bit rate register (BRR) unless an external
clock is used.

3. Select the clock sourcein the serial control register (SCR). Leave RIE, TIE, TEIE, MPIE, TE
and RE cleared to O. If clock output is selected in asynchronous mode, clock output starts
immediately after the setting is made to SCR.

4. Wait for at least theinterval reguired to transmit or receive one bit, then set TE or RE in the
seria control register (SCR) to 1. Also set RIE, TIE, TEIE and MPIE as necessary. Setting TE
or RE enables the SCI to use the TxD or RxD pin. Theinitial states are the mark transmit state,
and the idle receive state (waiting for a start hit).
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( Start of initialization >
I
Clear TE and RE bits to 0 in SCR
I
Select communication format in SMR | (1)
I
Set value in BRR 2)

Set CKE1 and CKEO bits in SCR
(leaving TE and RE cleared to 0) G

P Wait

1-bit interval elapsed?

Set TE or RE to 1 in SCR; Set RIE,
TIE, TEIE, and MPIE as necessary 4)

( = )

Note: Circled numbers refer to the preceding procedure.

Figure 13.4 Sample Flowchart for SCI Initialization

Transmitting Serial Data (asynchronous mode): Figure 13.5 shows a sample flowchart for
transmitting serial data. The procedure for transmitting serial datais asfollows:

1. SCl initialization: select the TxD pin function with the PFC.

2. SCI status check and transmit data write: read the serial status register (SSR), check that the
TDRE bit is 1, then write transmit data in the transmit dataregister (TDR) and clear TDRE to
0.

3. To continue transmitting serial data: read the TDRE bit to check whether it is safe to write (1);
if so, write datain TDR, then clear TDRE to 0. When the DMAC is started by atransmit-data-
empty interrupt request (TX1) to write datain TDR, the TDRE hit is checked and cleared
automatically.

4. To output a break signal at the end of serial transmission: set the DR bit to O (1/0 data port
register), then clear TE to 0in SCR and set the TxD pin function as output port with the PFC.
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Initialize (2)
I

( Start transmitting >

|

|‘

Read TDRE bit in SSR )

Yes

Write transmit data in TDR and
clear TDRE bit to 0 in SSR

All data transmitted?

Yes

<
«

Read TEND bit in SSR

Output break signal?

(4)

SetDR=0
I
Clear TE bit of SCR to 0;
Select theTxD pin function
as an output port with the PFC

[

[«

< Transmission ends >

Note:  Circled numbers refer to the preceding procedure.

Figure13.5 Sample Flowchart for Transmitting Serial Data
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In transmitting serial data, the SCI operates as follows:

1.

The SCI monitors the TDRE hit in the SSR. When TDRE is cleared to 0, the SCI recognizes
that the transmit data register (TDR) contains new data, and loads this data from the TDR into
the transmit shift register (TSR).

After loading the data from the TDR into the TSR, the SCI setsthe TDRE hit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) is set to 1 in the SCR, the
SCI requests a transmit-data-empty interrupt (TX1) at thistime.

Seria transmit datais transmitted in the following order from the TxD pin:

Start bit: one 0 bit is output.

Transmit data: seven or eight bits of data are output, L SB first.

Parity bit or multiprocessor hit: one parity bit (even or odd parity) or one multiprocessor bit is
output. Formats in which neither a parity bit nor a multiprocessor bit is output can also be
selected.

Stop bit: one or two 1 bits (stop bits) are output.

Mark state: output of 1 bits continues until the start bit of the next transmit data.

The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is 0, the SCI loads new
data from the TDR into the TSR, outputs the stop bit, then begins serial transmission of the
next frame. If TDRE is 1, the SCI setsthe TEND bit to 1 in the SSR, outputs the stop bit, then
continues output of 1 bitsin the mark state. If the transmit-end interrupt enable bit (TEIE) in
the SCRis set to 1, atransmit-end interrupt (TEl) is requested.

Figure 13.6 shows an example of SCI transmit operation in the asynchronous mode.
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Start Parity Stop Start Parity Stop

1 bit Data bit  bit  bit Data bit  bit 1
Sj”a' | 0 | D0| D1|))|D7| om_| 1 | 0 | Do| D1|”| D7| omw 1 Idle (mark
ata « « state)
p)) )

((

))
TDRE |
(C
))

TEND T T T
— 5

| )) A

TXI TXI interrupt TXI
request handler writes request TEI request
data in TDR
and clears
TDRE to O

A
A\

1 frame

Figure13.6 Example of SCI Transmit Operation in Asynchronous M ode (8-bit data with
parity and one stop bit)

Receiving Seria Data (asynchronous mode): Figure 13.7 shows a sample flowchart for receiving
serial data. The procedure for receiving serial datais listed below.

1. SCl initialization: select the RxD pin function with the PFC.

2. Receive error handling and break detection: if areceive error occurs, read the ORER, PER and
FER bits of the SSR to identify the error. After executing the necessary error handling, clear
ORER, PER and FER all to 0. Receiving cannot resume if ORER, PER or FER remains set to
1. When aframing error occurs, the RxD pin can be read to detect the break state.

3. SCI status check and receive data read: read the seria status register (SR), check that RDRF is
set to 1, then read receive data from the receive data register (RDR) and clear RDRF to 0. The
RXI interrupt can also be used to determine if the RDRF bit has changed from 0 to 1.

4. To continue receiving serial data: read RDRF and RDR, and clear RDRF to O before the stop
bit of the current frame isreceived. If the DMAC is started by areceive-data-full interrupt
(RXI) to read RDR, the RDRF hit is cleared automatically so this step is unnecessary.
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Note:

Initialization (2)

< Start receiving >

Read the ORER, PER, and
FER bits of the SSR

PER, FER, ORER = 1?
@)

Error handling

Read the RDRF bit of the SSR | (3)

No

Yes

Read the RDR's receive data
and clear the SSR's RDRF bitto 0

~

4)

Total count received?

Clear the RE bit of the SCR to 0
|

< Reception ends >

Circled numbers refer to the preceding procedure.

Figure 13.7 Sample Flowchart for Receiving Serial Data
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( Start of error handling )

No

Yes

Overrun error handling

»
>

Framing error handling

Clear RE bitto 0 in SCR

»
P

No PER = 17

Yes

Parity error handling

<
al

Clear ORER, PER, and FER to 0 in SSR

( - )

Note:  Circled numbers refer to the preceding procedure.

Figure13.7 Sample Flowchart for Receiving Serial Data (cont)
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In receiving, the SCI operates as follows:

1. The SCI monitorsthe receive data line. When it detects a start bit (0), the SCI synchronizes
internally and starts receiving.
2. Receive datais shifted into the RSR in order from the LSB to the MSB.

3. The parity bit and stop bit are received. After receiving these bits, the SCI makes the following
checks:

a. Parity check: The number of 1s in the receive data must match the even or odd parity
setting of the O/E bit in the SMR.

b. Stop hit check: The stop bit value must be 1. If there are two stop bits, only the first stop bit
is checked.

c. Status check: RDRF must be 0 so that receive data can be loaded from the RSR into the
RDR.

If these checks all pass, the SCI sets RDRF to 1 and stores the received datain the RDR. If one
of the checksfails (receive error), the SCI operates asindicated in table 13.11.

Note:  When areceive error flag is set, further receiving is disabled. The RDRF bit is not set
to 1. Be sureto clear the error flags.

4. After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) isset to 1 inthe
SCR, the SCI requests areceive-data-full interrupt (RX1). If one of the error flags (ORER,
PER, or FER) is set to 1 and the receive-data-full interrupt enable bit (RIE) in the SCR isalso
set to 1, the SCI requests a receive-error interrupt (ERI).

Figure 13.8 shows an example of SCI receive operation in the asynchronous mode.

Table 13.11 Receive Error Conditionsand SCI Operation

Receive Error  Abbreviation Condition Data Transfer
Overrun error ORER Receiving of next data ends while Receive data not loaded
RDREF is still setto 1 in SSR from RSR into RDR
Framing error FER Stop bitis 0 Receive data loaded from
RSR into RDR
Parity error PER Parity of receive data differs from Receive data loaded from

even/odd parity setting in SMR RSR into RDR
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Start Parity Stop Start Parity Stop

bit Data bit  bit  bit Data bit  bit 1
i )) ))
Serial 0|D0|D1| |D7|O/1| 1| O|D0|D1| |D7|0/1|0 Idle (mark
data « « state)
)) ))

TDRE ;——l
(C («
)) ? 7
FER RXI request I
(C (C
)) T
RXI interrupt handler ~ Framing error,

reads data in RDR ERI request
and clears RDRF to 0

1 frame

Figure13.8 Example of SCI Receive Operation (8-bit data with parity and one stop bit)

13.3.3  Multiprocessor Communication

The multiprocessor communication function enables several processors to share asingle serial
communication line. The processors communicate in the asynchronous mode using a format with
an additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by aunique ID. A serial
communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a
data-sending cycle. The multiprocessor hit distinguishes | D-sending cycles from data-sending
cycles. The transmitting processor starts by sending the ID of the receiving processor with which it
wants to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor
sends transmit data with the multiprocessor bit cleared to O.

Receiving processors skip incoming data until they receive data with the multiprocessor bit set to
1. When they receive data with the multiprocessor bit set to 1, receiving processors compare the
datawith their IDs. The receiving processor with amatching ID continues to receive further
incoming data. Processors with I Ds not matching the received data skip further incoming data
until they again receive data with the multiprocessor bit set to 1. Multiple processors can send and
receive datain thisway.

Figure 13.9 shows the example of communication among processors using the multiprocessor
format.
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Transmitting
processor

v Serial communication line

v v v !

Receiving Receiving Receiving Receiving
processor A processor B processor C processor D
(ID=01) (ID=02) (ID =03) (ID =04)
Serial H'01 H'AA
data
(MPB =1) (MPB = 0)
ID-sending cycle: ) Data-sending cycle:
receiving processor address data sent to receiving

processor specified by 1D

MPB: multiprocessor bit

Figure13.9 Example of Communication among Processor s Using M ultiprocessor Format

(sending data H'AA to receiving processor A)

Communication Formats; Four formats are available. Parity-hit settings are ignored when the
multiprocessor format is selected. For details see table 13.8.

Clock: See the description in the asynchronous mode section.

Transmitting Multiprocessor Serial Data: Figure 13.10 shows a sample flowchart for
transmitting multiprocessor seria data. The procedure for transmitting multiprocessor serial datais
listed below.

1
2.

SCl initialization: select the TxD pin function with the PFC.

SCI status check and transmit data write: read the serial status register (SSR), check that the
TDRE bitis 1, then write transmit data in the transmit dataregister (TDR). Also set MPBT
(multiprocessor bit transfer) to 0 or 1in SSR. Finally, clear TDRE to 0.

To continue transmitting serial data: read the TDRE bit to check whether it is safe to write (1);
if so, write datain TDR, then clear TDRE to 0. When the DMAC is started by atransmit-data-
empty interrupt request (TX1) to write datain TDR, the TDRE hit is checked and cleared
automatically.

To output a break signal at the end of serial transmission: set the DR bit to O (1/0O data port
register), then clear TE to 0in SCR and set the TxD pin function as output port with the PFC.
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| Initialize | @

|
( Start transmitting )

[
[C

| Read TDRE bit in SSR | @)

—rore-1y =

Yes

Write transmit data in TDR
and set MPBT in SSR

Clear TDRE bitto 0

No | (3)

All data transmitted?

Yes [
| Read TEND bit in SSR |

“

| SetDR =0 |

I
Clear TE bit to 0 in SCR;
select theTxD pin function as
an output port with the PFC

l<

( End )

Note:  Circled numbers refer to the preceding procedure.

Figure13.10 Sample Flowchart for Transmitting Multiprocessor Serial Data

In transmitting serial data, the SCI operates asfollows:
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1. The SCI monitors the TDRE bit in the SSR. When TDRE is cleared to 0 the SCI recognizes
that the transmit data register (TDR) contains new data, and loads this data from the TDR into
the transmit shift register (TSR).

2. After loading the datafrom the TDR into the TSR, the SCI sets the TDRE hit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) in the SCRis set to 1, the
SCI requests a transmit-data-empty interrupt (TX1) at thistime.

Serial transmit datais transmitted in the following order from the TxD pin (figure 13.11):

Start bit: one 0 bit is output.

Transmit data: seven or eight bits are output, LSB first.

Multiprocessor bit: one multiprocessor bit (MPBT value) is output.

Stop bit: one or two 1 bits (stop bits) are output.

Mark state: output of 1 bits continues until the start bit of the next transmit data.

The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is O, the SCI loads data
from the TDR into the TSR, outputs the stop bit, then begins serial transmission of the next
frame. If TDRE is 1, the SCI setsthe TEND hit in the SSR to 1, outputs the stop bit, then
continues output of 1 bitsin the mark state. If the transmit-end interrupt enable bit (TEIE) in
the SCRis set to 1, atransmit-end interrupt (TEI) isrequested at thistime.

o 0k~ wd PR

Multi- Multi-
Start processor Stop Start processor Stop
1 bit Data bit  bit bit Data bit  bit 1
i ) ))
Sg"”a' |0|D0|D1| |D7|0/1|1|0|D0|D1| |D7|0/1|1|d|8(mark
ata « « state)
) ))

(C
7

( T Iqe
| | | !
I TXI interrupt TXI TEI
request handler writes request request

data in TDR and
clears TDRE to O

<
<

v

1 frame

Figure13.11 Example of SCI Multiprocessor Transmit Operation (8-bit data with
multiprocessor bit and one stop bit)
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Recelving M ultiprocessor Serial Data: Figure 13.12 shows a sample flowchart for receiving
multiprocessor serial data. The procedure for receiving multiprocessor serial dataislisted below.

1. SCI initialization: select the RxD pin function with the PFC.

2. 1D receive cycle: set the MPIE bit in the seria control register (SCR) to 1.

3. SCI status check and compare to 1D reception: read the serial status register (SSR), check that
RDRF is set to 1, then read data from the receive data register (RDR) and compare with the
processor's own ID. If the ID does not match the receive data, set MPIE to 1 again and clear
RDRF to 0. If the ID matches the receive data, clear RDRF to 0.

4. Receive error handling and break detection: if areceive error occurs, read the ORER and FER
bitsin SSR to identify the error. After executing the necessary error handling, clear both
ORER and FER to 0. Receiving cannot resume if ORER or FER remain set to 1. When a
framing error occurs, the RxD pin can be read to detect the break state.

5. SCI status check and data receiving: read SSR, check that RDRF is set to 1, then read data
from the receive data register (RDR).
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| Initialization | 1)
I
< Start receiving )

»|
~1

| Set the MPIE bit of the SCR to 1 | @
i

Read the ORER and FER
bits of the SSR

FER =1? or ORER = 17

| Read the RDRF bit of the SSR | 3)

No

Yes
| Read the receive data of the RDR|

No

Yes [«
Read the ORER and FER
bits of the SSR

Yes

FER =1? or ORER =1?

Read the SSR's RDRF bit (5

No

Yes

Read the RDR's receive data

4
< Error handling >

Total count received?

| Clear the RE bit of the SCR to 0 |

I
( Reception ends )

Figure13.12 Sample Flowchart for Receiving Multiprocessor Serial Data
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( Start of error handling )

No

Yes

Overrun error handling

»l

A

Framing error handling Clear RE bit to 0 in SCR

»
>

>
«

Clear ORER and FER to 0 in SSR

( end )

Figure13.12 Sample Flowchart for Receiving Multiprocessor Serial Data (cont)
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Figure 13.13 shows an example of SCI receive operation using a multiprocessor format.

Start Stop Start Stop
1 bpit Data ID1 MPB bit bit Datal MPB bit 1
I )]
S | 0lDo[oif [orf 1 1[0 pefoi] [br]o] 1 tdemak
{ $ state)

(( (¢

o %
MPB |
((C

)

5 ,
MPIE »
RDRF /////A

(C (¢

AN A

RDR 7 D1 \
value \5() \
RXI request, RXI interrupt Not own ID, No RXI
(multiprocessor handler reads data so MPIE is interrupt,
interrupt) MPIE = 0 in RDR and clears setto 1 again RDR maintains
RDRF to O state

Figure 13.13 Example of SCI Receive Operation (own | D does not match data) (8-bit data
with multiprocessor bit and one stop hit)
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Start Stop Start Stop

1 it Data ID1 MPB bit bit Datal MPB bit 1

i b
" 0] oof[ouf[for] 1 afofoofou] forofa idetmen
R % state)

(( ((

) )
MPB |
(C

N

5 5
MPIE

RDRF

T [
i x e
= \ \

RXI request, RXI interrupt Not own ID, No RXI
(multiprocessor handler reads data so MPIE is interrupt,
interrupt) MPIE = 0 in RDR and clears set to 1 again RDR maintains
RDRF to 0 state

Figure13.13 Example of SCI Receive Operation (own | D matches data) (8-bit data with
multiprocessor bit and one stop bit) (cont)

13.3.4  Clocked Synchronous Operation

In the clocked synchronous mode, the SCI transmits and receives data in synchronization with
clock pulses. This mode is suitable for high-speed serial communication.

The SCI transmitter and receiver share the same clock but are otherwise independent, so full
duplex communication is possible. The transmitter and receiver are also double buffered, so
continuous transmitting or receiving is possible by reading or writing data while transmitting or
receiving isin progress.

Figure 13.14 shows the general format in clocked synchronous serial communication.
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Transfer direction . .
One unit (character or frame) of serial data

< »
< >

Serial clock

LSB MSB
Serial data Bit 0 >< Bit 1>< Bit 2 >< Bit 3 >< Bit 4 >< Bit 5 >< Bit 6 >< Bit 7

Note:  High except in continuous transmitting or receiving.

Figure13.14 Data Format in Clocked Synchronous Communication

In clocked synchronous serial communication, each data bit is output on the communication line
from one falling edge of the serial clock to the next. Data are guaranteed valid at the rising edge of
the serial clock. In each character, the serial data bits are transmitted in order from the LSB (first)
to the MSB (last). After output of the MSB, the communication line remains in the state of the
MSB. In the clocked synchronous mode, the SCI transmits or receives data by synchronizing with
the falling edge of the serial clock.

Communication Format: The datalength isfixed at eight bits. No parity bit or multiprocessor bit
can be added.

Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transmit/receive clock. The clock source is selected
by the C/A bit in the serial mode register (SMR) and bits CKE1 and CKEQ in the serial control
register (SCR). Seetable 13.6.

When the SCI operates on an internal clock, it outputs the clock signal at the SCK pin. Eight clock
pulses are output per transmitted or received character. When the SCI is not transmitting or
receiving, the clock signal remainsin the high state.

Figure 13.15 shows an example of SCI transmit operation. In transmitting serial data, the SCI
operates as follows.

1. The SCI monitors the TDRE bit in the SSR. When TDRE is cleared to 0 the SCI recognizes
that the transmit data register (TDR) contains new data, and loads this data from the TDR into
the transmit shift register (TSR).

2. After loading the data from the TDR into the TSR, the SCI setsthe TDRE bit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) in the SCRis set to 1, the
SCI requests a transmit-data-empty interrupt (TX1) at thistime.

If clock output is selected, the SCI outputs eight serial clock pulses. If an external clock source
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is selected, the SCI outputs data in synchronization with the input clock. Data are output from

the TxD pinin order from the LSB (bit 0) to the MSB (bit 7).

3. The SCI checks the TDRE bit when it outputs the MSB (bit 7). If TDRE is 0, the SCI loads
data from the TDR into the TSR, transmits the M SB, then begins serial transmission of the
next frame. If TDRE is 1, the SCI setsthe TEND bit in the SSR to 1, transmits the M SB, then
holds the transmit data pin (TxD) in the MSB state. If the transmit-end interrupt enable bit
(TEIE) inthe SCRis set to 1, atransmit-end interrupt (TEI) is requested at thistime.

4. After the end of serial transmission, the SCK pinisheld in the high state.

Transmit direction
-«

L L) L

Serial clock

Serial data

LSB MSB
Bit 0 >< Bit1>C \ Bit 7

((

EpEpEyEnEn
Bit0 X Bit1 ><:i

|

(¢
U

| % | % \
4
TXI TXI interrupt TXI TEI
request handler writes  request request

data in TDR and
clears TDRE to O

<
<

1 frame

v

Figure13.15 Example of SCI Transmit Operation

Transmitting and Receiving Data: SCI Initialization (clocked synchronous mode): Before
transmitting or receiving, software must clear the TE and RE bitsto 0 in the serial control register
(SCR), then initialize the SCI as follows.

When changing the communication mode or format, always clear the TE and RE bitsto 0 before
following the procedure given below. Clearing TE to 0 sets TDRE to 1 and initializes the transmit
shift register (TSR). Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and
ORER flags and receive data register (RDR), which retain their previous contents.

Figure 13.16 is a sample flowchart for initializing the SCI. The procedure for initializing the SCI
islisted below.
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NP

Select the communication format in the serial mode register (SMR).
Write the value corresponding to the bit rate in the bit rate register (BRR) unless an external

clock is used.

Select the clock sourcein the serial control register (SCR). Leave RIE, TIE, TEIE, MPIE, TE

and RE cleared to 0.

Wait for at least the interval required to transmit or receive one bit, then set TE or RE in the
serial control register (SCR) to 1. Also set RIE, TIE, TEIE and MPIE. Setting the
corresponding bit of the pin function controller, TE and RE enables the SCI to use the TxD or

RxD pin.

< Start of initialization >

|
Clear TE and RE bits to 0 in SCR

Select communication format in SMR | (

Set value in BRR (

Set RIE, TIE, TEIE, MPIE, CKEL1,
and CKEO bits in SCR (
(leaving TE and RE cleared to 0)

1)

2)

3)

L Wait

1-bit interval elapsed?

Set TE or REto 1 in SCR;
Set RIE, TIE, TEIE, and MPIE

( )

—~

Note:  High except in continuous transmitting or receiving.

4)

Figure13.16 Sample Flowchart for SCI Initialization

RENESAS 387



Transmitting Serial Data (clocked synchronous mode): Figure 13.17 shows a sample flowchart
for transmitting serial data. The procedure for transmitting serial datais listed below.

1. SCl initialization: select the TxD pin function with the PFC.

2. SCI status check and transmit data write: read the serial status register (SSR), check that the
TDRE bitis 1, then write transmit datain the transmit dataregister (TDR) and clear TDRE to
0. The RXI interrupt can also be used to determine if the RDRF bit has changed from O to 1.

3. To continue transmitting serial data: read the TDRE bit to check whether it is safe to write (1);
if so, write datain TDR, then clear TDRE to 0. When the DMAC is started by atransmit-data-
empty interrupt request (TXI) to write datain TDR, the TDRE hit is checked and cleared
automatically.
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Initialize 1)
I

( Start transmitting >

[
<

Read TDRE bit in SSR @)

No

Yes

Write transmit data in TDR and
clear TDRE bitto 0 in SSR

©)

All data transmitted?

Read TEND bit in SSR

No

Yes
Clear TE bit SCRto 0
|

( Transmission ends >

Figure13.17 Sample Flowchart for Serial Transmitting

Receiving Serial Data (clocked synchronous mode): Figure 13.18 shows a sample flowchart for
receiving serial data. When switching from the asynchronous mode to the clocked synchronous
mode, make sure that ORER, PER, and FER are cleared to 0. If PER or FER is set to 1, the RDRF
bit will not be set and both transmitting and receiving will be disabled. Figure 13.19 shows an
example of SCI recieve operation.

The procedure for recieving serial dataislisted below.

1. SCl initialization: select the RxD pin function with the PFC.
2. Receive error handling: if areceive error occurs, read the ORER bit in SSR to identify the
error. After executing the necessary error handling, clear ORER to 0. Transmitting/receiving
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cannot resume if ORER remains set to 1.

SCI status check and receive data read: read the serial status register (SSR), check that RDRF

isset to 1, then read receive data from the receive data register (RDR) and clear RDRF to 0.
The RXI interrupt can also be used to determine if the RDRF bit has changed from O to 1.

To continue receiving seria data: read RDR, and clear RDRF to 0 before the frame MSB (bit

7) of the current frame isreceived. If the DMAC is started by areceive-data-full interrupt
(RXI) to read RDR, the RDRF hit is cleared automatically so this step is unnecessary.

Initialization

( Start receiving >

Lt |

Read the ORER bit of the SSR

No

Yes

Read the RDR's receive data
and clear the SSR's RDRF bitto 0

Total count received?

Clear the RE bit of the SCR to 0
[

( Reception ends >

Read RDRF bit of the SSR ?3)

4

@
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( Error handling >

No

Yes

Overrun error handling

s

Clear ORER bit of SSR to 0
I

( = )

Figure13.18 Sample Flowchart for Serial Receiving (cont)

Receive direction
<
Serial w
clock
Serial : : : , : W
' C0 CO €Y 88 E5 C5

(¢
U

RDRF
«

A »
ORER / \ « r
»

(C
/ RXI interr)ljjpt handler \ T

RXI request | reads data in RDR RXI request Overrun
and clears RDRF to 0 error, ERI
request

»

<

1 frame

Figure 13.19 Example of SCI Receive Operation

In receiving, the SCI operates as follows:

1. The SCI synchronizes with serial clock input or output and initializes internally.
2. Receivedatais shifted into the RSR in order from the LSB to the MSB. After receiving the
data, the SCI checksthat RDRF is 0 so that receive data can be loaded from the RSR into the
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RDR. If this check passes, the SCI sets RDRF to 1 and stores the received datain the RDR. If
the check does not pass (receive error), the SCI operates as indicated in table 13.8. When the

error flag is set to 1 and the RDRF bit is cleared to 0, the RDRF bit will not be set to 1 during
reception. When restarting the reception, make sure to clear the error flag to O.

3. After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) isset to 1 in the
SCR, the SCI requests a receive-data-full interrupt (RX1). If the ORER bit is set to 1 and the
receive-data-full interrupt enable bit (RIE) in the SCR isalso set to 1, the SCI requests a
receive-error interrupt (ERI).

Transmitting and Receiving Serial Data Simultaneously (clocked synchronous mode): Figure
13.20 shows a sample flowchart for transmitting and receiving serial data simultaneously. The
procedure for transmitting and receiving serial data simultaneoudly is listed below.

1. SCl initialization: select the TxD and RxD pin function with the PFC.

2. SCI status check and transmit data write: read the serial status register (SSR), check that the
TDRE bit is 1, then write transmit data in the transmit data register (TDR) and clear TDRE to
0. The TXI interrupt can also be used to determine if the TDRE bit has changed from O to 1.

3. Receive error handling: if areceive error occurs, read the ORER hit in SSR to identify the
error. After executing the necessary error handling, clear ORER to 0. Transmitting/receiving
cannot resume if ORER remains set to 1.

4, SCI status check and receive data read: read the serial status register (SSR), check that RDRF
isset to 1, then read receive data from the receive data register (RDR) and clear RDRF to 0.
The RXI interrupt can also be used to determine if the RDRF bit has changed from O to 1.

5. To continue transmitting and receiving seria data: read the RDRF bit and RDR, and clear
RDRF to 0 before the frame MSB (bit 7) of the current frameis received. Also read the TDRE
bit to check whether it is safe to write (1); if so, write datain TDR, then clear TDREto O
before the MSB (bit 7) of the current frame is transmitted. When the DMAC is started by a
transmit-data-empty interrupt request (TX1) to write datain TDR, the TDRE bit is checked and
cleared automatically. When the DMAC is started by areceive-data-full interrupt (RX1) to read
RDR, the RDRF hit is cleared automatically.
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Note:

Initialization 1)
I
(Start transmitting and receiving>

‘I
71

Read TDRE bit of the SSR 2

No

Yes
Write transmit data to the TDR
and clear the TDRE bit of the
SSRto 0

71

Read the ORER bit of the SSR

Error handling

Read the SSR's RDRF bit (4)

No

Yes

Read the receive data of the
RDR and clear the RDRF bit of | (5)
the SSRto 0

Total
count transmitted and
received?

Yes
Clear the TE and RE bits of
the SCRt0 0
I

( Transmitting/receiving ends >

In switching from transmitting or receiving to simultaneous transmitting and receiving,

clear both TE and RE to 0, then set both TE and RE to 1.

Figure 13.20 Sample Flowchart for Serial Transmitting
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13.4  SCI Interrupt Sourcesand the DMAC

The SCI has four interrupt sources in each channel: transmit-end (TEI), receive-error (ERI),
receive-data-full (RX1), and transmit-data-empty (TXI). Table 13.12 lists the interrupt sources and
indicates their priority. These interrupts can be enabled and disabled by the TIE, RIE, and TEIE
bitsin the serial control register (SCR). Each interrupt request is sent separately to the interrupt
controller.

TXI isrequested when the TDRE bit in the SSR is set to 1. TXI can start the direct memory access
controller (DMAC) to transfer data. TDRE is automatically cleared to 0 when the DMAC executes
the data transfer to the transmit data register (TDR).

RXI isrequested when the RDRF bit in the SSR is set to 1. RX| can start the DMAC to transfer
data. RDRF is automatically cleared to 0 when the DMAC executes the data transfer to the receive
dataregister (RDR). ERI is reguested when the ORER, PER, or FER bit in the SSR is set to 1. ERI
cannot start the DMAC.

TEI isrequested when the TEND bit in the SSR is set to 1. TEIl cannot start the DMAC. A TXI
interrupt indicates that transmit data writing is enabled. A TEI interrupt indicates that the transmit
operation is complete.

Table13.12 SCI Interrupt Sources

Interrupt Source Description DMAC Availability  Priority
ERI Receive error (ORER, PER, or FER) No High
RXI Receive data full (RDRF) Yes 1

TXI Transmit data empty (TDRE) Yes !

TEND Transmit end (TEND) No Low

135 Usage Notes
Note the following points when using the SCI.

TDR Write and TDRE Flags: The TDRE bit in the serial status register (SSR) isa statusflag
indicating loading of transmit datafrom the TDR into the TSR. The SCI sets TDRE to 1 when it
transfers data from the TDR to the TSR. If new dataiswritten in the TDR when TDRE is 0, the
old data stored in the TDR will be lost because these data have not yet been transferred to the
TSR. Before writing transmit data to the TDR, be sure to check that TDRE is set to 1.

Simultaneous Multiple Receive Errors: Table 13.13 indicates the state of the SSR status flags
when multiple receive errors occur simultaneously. When an overrun error occurs, the RSR
contents cannot be transferred to the RDR, so receive datais ost.
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Table 13.13 SSR Status Flags and Transfer of Receive Data

Receive Data
SSR Status Flags

Transfer
Receive Error Status RDRF ORER FER PER RSR - RDR
Overrun error 1 1 0 0 X
Framing error 0 0 1 0 (0]
Parity error 0 0 0 1 (0]
Overrun error + framing error 1 1 1 0 X
Overrun error + parity error 1 1 0 1 X
Framing error + parity error 0 0 1 1 (0]
Overrun error + framing error + parity 1 1 1 1 X
error
O: Receive data is transferred from RSR-RDR.
X: Receive data is not transferred from RSR—RDR.

Break Detection and Processing: Break signals can be detected by reading the RxD pin directly
when aframing error (FER) is detected. In the bresk state, the input from the RxD pin consists of
al Os, so FER is set and the parity error flag (PER) may aso be set. In the break state, the SCI
receiver continues to operate, so if the FER bit iscleared to 0, it will be set to 1 again.

Sending a Break Signal: When TE is cleared to 0 the TXD pin becomes an 1/0 port, the level and
direction (input or output) of which are determined by the data register (DR) of the I/O port and
the control register (CR) of the PFC. This feature can be used to send a break signal. The DR
value substitutes for the mark state until the PFC setting is performed. The DR bits should
therefore be set as an output port that outputs 1 beforehand. To send a break signal during serial
transmission, clear the DR bit to 0, and select output port as the TXD pin function by the PFC.
When TE is cleared to O, the transmitter isinitialized, regardless of its current state.

Receive Error Flagsand Transmitter Operation (clocked synchronous mode only): When a
receive error flag (ORER, PER, or FER) is set to 1, the SCI will not start transmitting even if
TDRE isset to 1. Be sureto clear the receive error flags to 0 before starting to transmit. Note that
clearing RE to 0 does not clear the receive error flags.

Receive Data Sampling Timing and Receive Margin in the Asynchronous Mode: In the
asynchronous mode, the SCI operates on a base clock of 16 times the bit rate frequency. In
receiving, the SCI synchronizes internally with the falling edge of the start bit, which it sampleson
the base clock. Receive datais latched on the rising edge of the eighth base clock pulse. See figure
13.21.
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Figure13.21 Receive Data Sampling Timing in Asynchronous Mode
The receive margin in the asynchronous maode can therefore be expressed as in equation 1.
Equation 1:

D — 05|

o (L F)| X 100%

_ I _
M = ‘(0.5 Ty ] (L — 0.5)F

Receive margin (%)

Ratio of clock frequency to bit rate (N = 16)
Clock duty cycle (D = 0-1.0)

Frame length (L = 9-12)

Absolute deviation of clock frequency

mrozg

From equation (1), if F=0and D = 0.5 the receive margin is 46.875%, as given by equation 2.

Equation 2:
D =05F=0
M = (0.5 — 1/(2 x 16)) x 100%

= 46.875% 2)
Thisisatheoretical value. A reasonable margin to allow in system designs is 20-30%.

Constraintson DMAC Use:
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* When using an external clock source for the seria clock, update the TDR with the DMAC, and
then after five system clocks or more elapse, input a transmit clock. If atransmit clock isinput
in the first four system clocks after the TDR iswritten, an error may occur (figure 13.22).

» Beforereading the receive dataregister (RDR) with the DMAC, select the receive-data-full
interrupt of the SCI as a start-up source using the resource select bit (RS) in the channel control
register (CHCR).

see | ][] ] L] L)L

&

TDRE |
><DO><D1><D2><D3><D4><D5><D6><D7><:

Note:  During external clock operation, an error may occur if t is 4@ or less.

Figure13.22 Clocked Synchronous Transmitting Example with DMAC
Cautionsfor Clocked Synchronous External Clock M ode:

e Set TE = RE = 1 only when the external clock SCI is 1.

» Donot set TE =RE =1 until at least 4 clocks after the external clock SCK has changed from 0
to 1.

*  When receiving, RDRF = 1 when RE is set to zero 2.5-3.5 clocks after the rise edge of the
RxD D7 bit SCK input, but it cannot be copied to RDR.

Caution for Clocked Synchronous Internal Clock Mode: When receiving, RDRF = 1 when RE
is set to zero 1.5 clocks after the rise edge of the RxD D7 bit SCK input, but it cannot be copied to
RDR.
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Section 14 Pin Function Controller (PFC)

Overview

The pin function controller (PFC) is composed of registers for selecting the function of
multiplexed pins and the direction of input/output. The pin function and input/output direction can
be selected for each pin individually without regard to the operating mode of the LSI. Table 14.1

lists the multiplexed pins.

Table14.1 List of Multiplexed Pins

Function 1 Function 2 Function 3 Function 4
Port (related module) (related module) (related module) (related module) Pin #
A PA15 I/O (port) IRQ3 input (INTC) DREQL input — 68
(DMAC)
A PA14 1/O (port) IRQ2 input (INTC) DACK1 output — 67
(DMAC)
A PA13 1/O (port) IRQLinput (INTC) TCLKB input (ITU) DREQO input (DMAC) 66
A PA12 1/O (port) IRQO input (INTC) TCLKA input (ITU) DACKO output (DMAC) 65
A PA11 I/O (port) DPHI/O (D bus) TIOCB1I/O (ITU) — 64
A PA10 I/O (port) DPL 1/O (D bus) TIOCA1 I/O (ITU) — 62
A PA9 I/O (port) AH output (BSC) — IRQOUT output (INTC) 61
A PA8 1/O (port) BREQ input — — 60
(system)
A PA7 1/O (port) BACK output — — 58
(system)
A PAG6 1/O (port) RD output (BSC) — — 57
A PA5 I/O (port) WRH output — — 56
(BSC) (LBS
output (BSC))*1
A PA4 1/O (port) WRL output — — 55
(BSC) (WR output
(BSC))*!
A PA3 I/O (port) CS7 output (BSC) WAIT input (BSC) — 54
A PA2 1/O (port) CS6 output (BSC) TIOCBO I/O (ITU) — 53
A PAL1 I/O (port) CS5 output (BSC) RAS output (BSC) — 52
A PAO 1/O (port) C$4 output (BSC) TIOCAO I/O (ITU) — 51
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Table14.1 List of Multiplexed Pins (cont)

Function 1 Function 2 Function 3 Function 4
Port (related module) (related module) (related module) (related module)  Pin #
B PB15 I/O (port) IRQ7 input (INTC) — TP15 output (TPC) 100
B PB14 1/O (port) IRQ6input (INTC) — TP14 output (TPC) 99
B PB13 I/O (port)  IRQS5input (INTC) SCK1 I/O (SCI) TP13 output (TPC) 98
B PB12 I/0 (port)  IRQ4input (INTC) SCKO I/O (SCI) TP12 output (TPC) 97
B PB11 I/O (port) TxD1 output (SCI) TP11 output (TPC) — 96
B PB10 I/O (port) RxD1 input (SCI)  TP10 output (TPC) — 95
B PB9 I/O (port) TxDO output (SCI) TP9 output (TPC) — 94
B PB8 I/O (port) RxDO input (SCI)  TP8 output (TPC) — 93
B PB7 1/O (port) TCLKD input (ITU) TOCXB4 output (ITU) TP7 output (TPC) 91
B PB6 1/0 (port) TCLKC input (ITU) TOCXA4 output (ITU) TP6 output (TPC) 90
B PBS5 1/O (port) TIOCB4 /0 (ITU)  TP5 output (TPC) — 89
B PB4 1/O (port) TIOCA4 1/O (ITU)  TP4 output (TPC) — 87
B PB3 1/O (port) TIOCB3 I/O (ITU)  TP3 output (TPC) — 86
B PB2 I/O (port) TIOCA3 1/0 (ITU)  TP2 output (TPC) — 85
B PB1 I/O (port) TIOCB2 I/0 (ITU)  TP1 output (TPC) — 84
B PBO /O (port) TIOCA2 I/O (ITU)  TPO output (TPC) — 83
— CS1 output (BSC) CASH output — — a7
(BSC)
— CS3 output (BSC) CASL output — — 49
(BSC)

INTC: Interrupt controller
DMAC: Direct memory access controller
ITU: 16-bit integrated timer pulse unit

D bus: Data bus control

BSC: Bus state controller

System: System control
SCI: Serial communications interface

TPC: Programmable timing pattern controller
Port: I/O port
Notes: 1. The bus control register of the bus state controller handles switching between the two

functions.
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142  Register Configuration
Table 14.2 summarizes the registers of the pin function controller.

Table14.2 Pin Function Controller Registers

Name Abbreviation R/W Initial Value Address Access Size
Port A 1/O register PAIOR R/W  H'0000 H'5FFFFC4 8, 16, 32
Port A control register 1 PACR1 R/W  H'3302 H'5FFFFC8 8, 16, 32
Port A control register 2 PACR2 R/W  HFF95 H'5FFFFCA 8, 16, 32
Port B 1/O register PBIOR R/W  H'0000 H'5FFFFC6 8, 16, 32
Port B control register 1 PBCR1 R/W  H'0000 H'5FFFFCC 8, 16, 32
Port B control register 2 PBCR2 R/W  H'0000 H'5FFFFCE 8, 16, 32
Column address strobe  CASCR R/W  H'5FFF H5FFFFEE 8, 16, 32

pin control register

14.3 Register Descriptions

1431 Port A 1/0 Register (PAIOR)

The port A 1/0 register (PAIOR) is a 16-bit read/write register that selects input or output for
individual pins on abit-by-bit basis. Bits PA151OR-PAOIOR correspond to pins
PA15/TRQ3/DREQI1-PA0/CS4/TIOCAO. PAIOR is enabled when the port A pins function as
input/outputs (PA15-PAOQ) and for ITU input capture and output compare (TIOCA1, TIOCAO,
TIOCB1, and TIOCBO). For other functions, they are disabled. For port A pin functions PA15—
PAO and TIOCAL, TIOCAOQ, TIOCB1, and TIOCBO, agiven pinin port A is an output pin if its
corresponding PAIOR bit isset to 1, and an input pinif the bit is cleared to O.

PAIOR isinitialized to H'0000 by power-on resets; however, it is not initialized for manual resets,
standby mode, or sleep mode.
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Bit:

Bit name:

Initial value:
R/W:

Bit:

Bit name:

Initial value:
R/W:

15 14 13 12 11 10 9 8
PA15 PAl4 PA13 PA12 PAl1l PA10 PA9 PA8
IOR IOR IOR IOR IOR IOR IOR IOR
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
PA7 PAG6 PA5 PA4 PA3 PA2 PA1 PAO
IOR IOR IOR IOR IOR IOR IOR IOR
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

14.3.2 Port A Control Registers (PACR1 and PACR2)

PACR1 and PACR2 are 16-hit read/write registers that select the functions of the sixteen

multiplexed pins of port A. PACRL selects the function of the top eight bits of port A; PACR2
selects the function of the bottom eight bits of port A. PACR1 and PACR2 areinitialized to
H'3302 and H'FF95 respectively by power-on resets but are not initialized for manual resets,

standby mode, or sleep mode.

PACR1:

Bit:

Bit name:

Initial value:
R/W:

Bit:

Bit name:

Initial value:
R/W:

15 14 13 12 11 10 9 8
PA15 PA15 PA14 PA14 PA13 PA13 PA12 PA12
MD1 MDO MD1 MDO MD1 MDO MD1 MDO

0 0 1 1 0 0 1 1
R/W R/W R/W R/W R/W R/W R/W R/W

7 6 5 4 3 2 1 0
PAl1l PAl1l PA10 PA10 |PASMD1|PASMDO — PASMD
MD1 MDO MD1 MDO

0 0 0 0 0 0 1 0
R/W R/W R/W R/W R/W R/W — R/W

» Bits15and 14 (PA15 mode (PA15MD1 and PA15MD0)): PA15MD1 and PA15MDO select
the function of the PA15/IRQ3/DREQ1 pin.
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Bit 15: Bit 14:

PA15MD1 PA15MDO Function
0 0 Input/output (PA15) (initial value)
1 Interrupt request input (IRQ3)
1 0 Reserved
1 DMA transfer request input (DREQ1)

+ Bits13and 12 (PA14 mode (PA14MD1 and PA14MD0)): PA14MD1 and PA14M DO select
the function of the PA14/IRQ2/DACK1 pin.

Bit 13: Bit 12:
PA14MD1 PA14MDO Function
0 0 Input/output (PA14)
1 Interrupt request input (IRQ2)
1 0 Reserved
1 DMA transfer acknowledge output (DACK1) (initial value)

e Bits11 and 10 (PA13 Mode (PA13MD1 and PA13MDQ)): PA13MD1 and PA13MDO select
the function of the PA13/IRQ1/DREQO/TCLKB pin.

Bit 11: Bit 10:
PA13MD1 PA13MDO Function
0 0 Input/output (PA13) (initial value)
1 Interrupt request input (IRQ1)
1 0 ITU timer clock input (TCLKB)
1 DMA transfer request input (DREQO)

e Bits9and 8 (PA12 mode (PA12MD1 and PA12MDOQ)): These bits select the function of the
PA12/TRQO/DACKO/TCLKA pin.

Bit 9: Bit 8:
PA12MD1 PA12MDO Function
0 0 Input/output (PA12)
1 Interrupt request input (IRQO)
1 0 ITU timer clock input (TCLKA)
1 DMA transfer acknowledge output (DACKO) (initial value)
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e Bits7and 6 (PA11 mode (PA11MD1 and PA11MDOQ)): These bits select the function of the

PA11/DPH/TIOCBL pin.

Bit 7: Bit 6:

PA11MD1 PA11MDO Function

0 0 Input/output (PA11) (initial value)
1 Upper data bus parity input/output (DPH)

1 0 ITU input capture/output compare (TIOCB1)
1 Reserved

e Bits5and 4 (PA10 mode (PA10MD1 and PA10MDO0)): These hits select the function of the

PA10/DPL/TIOCAL pin.

Bit 5: Bit 4:

PA10MD1 PA10MDO Function

0 0 Input/output (PA10) (initial value)
1 Lower data bus parity input/output (DPL)

1 0 ITU input capture/output compare (TIOCA1)
1 Reserved

* Bits3and 2 (PA9 mode (PAOMD1 and PA9MDO)): These bits select the function of the

PA9/AH/IRQOUT pin.

Bit 3: Bit 2:
PAOMD1 PA9MDO Function
0 0 Input/output (PA9) (initial value)
1 Address hold output (AH)
1 0 Reserved
1 Interrupt request output (IRQOUT)

e Bit 1 (reserved): Thisbit always reads as 1. The write value should always be 1.

« Bit 0 (PA8 mode (PABMD)): PASBMD selects the function of the PAS/BREQ.

Bit 0: PASMD Function
0 Input/output (PA8) (initial value)
1 Bus request input (BREQ)
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PACR2:

Bit. 15 14 13 12 11 10 9 8
Bitname:| — |PA7TMD| — |PA6MD| — |PASMD = — |PA4MD |
Initial value: 1 1 1 1 1 1 1 1
RW:  — RW — — RW — — RIW — RIW
Bit. 7 6 5 4 3 2 1 0
Bit name: | PA3MD1| PA3MDO PA2MD1 PA2MDO PAIMD1| PAIMDO| PAOMD1 PAOMDO
Initial value: 1 0 0 1 0 1 0 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

e Bit 15 (reserved): This bit always reads as 1. The write value should always be 1.
* Bit 14 (PA7 mode (PA7MD)): PA7MD selects the function of the PA7/BACK pin.

Bit 14. PATMD Function

0 Input/output (PA7)

1 Bus request acknowledge output (BACK) (initial value)

Bit 13 (reserved): Thisbit always reads as 1. The write value should aways be 1.

Bit 12 (PA6 mode (PA6MD)): PA6MD selects the function of the PAG/RD pin.

Bit 12: PA6MD Function

0 Input/output (PAB)

1 Read output (RD) (initial value)

e Bit 11 (reserved): This bit always reads as 1. The write value should always be 1.
e Bit 10 (PA5 mode (PASMD)): PASMD selects the function of the PAS/WRH (LBS) pin.

Bit 10: PA5SMD Function

0 Input/output (PA5)

1 Upper write output (WRH) or lower byte strobe output (LBS) (initial value)

* Bit 9 (reserved): Thisbit always reads as 1. The write value should always be 1.
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* Bit 8 (PA4 mode (PA4MD)): PA4MD selects the function of the PA4/WRL (WR) pin.

Bit 8: PA4AMD Function

0 Input/output (PA4)

1 Lower write output (WRL) or write output (WR) (initial value)

e Bits7 and 6 (PA3 mode (PA3MD1 and PA3MDO0)): PA3MD1 and PA3MDO select the
function of the PA3/CS7/WAIT pin. This pin has a pull-up MOS that is used when it functions
asa WAIT pinto alow selection of pull up or no pull up (for the WAIT pin) using the wait
state control register of the bus state controller (BSC). Thereis no pull up when if functions as
PA3 or CS7.

Bit 7: PA3MD1 Bit 6: PA3MDO Function

0 0 Input/output (PA3)
1 Chip select output (CS7)

1 0 Wait state input (WAIT) (initial value)
1 Reserved

+ Bits5and 4 (PA2 mode (PA2MD1 and PA2MDO)): PA2MD1 and PA2MDO select the
function of the PA2/CS6/TIOCBO pin.

Bit 5: PA2MD1 Bit 4: PA2MDO Function

0 0 Input/output (PA2)
1 Chip select output (CS6) (initial value)

1 0 ITU input capture/output compare (TIOCBO)
1 Reserved

e Bits3and 2 (PA1 mode (PAIMD1 and PAIMDOQ)): PAIMD1 and PAIMDO select the
function of the PA1/CS5/RAS pin.

Bit 3: PA1IMD1 Bit 2: PA1IMDO Function

0 0 Input/output (PA1)

1 Chip select output (CS5) (initial value)
1 0 Row address strobe output (RAS)

1 Reserved

RENESAS 406



+ Bits1and 0 (PAO mode (PAOMD1 and PAOMDO)): PAOMD1 and PAOMDO select the
function of the PAO/CS4/TIOCAO pin.

Bit 1. PAOMD1 Bit 0: PAOMDO Function

0 0 Input/output (PAO)
1 Chip select output (C$4) (initial value)

1 0 ITU input capture/output compare (TIOCAO)
1 Reserved

1433 Port B /O Register (PBIOR)

The port B 1/0 register (PBIOR) is a 16-bit read/write register that selects input or output for
individual pins on abit-by-bit basis. Bits PB15IOR—PBOIOR correspond to pins of port B. PBIOR
is enabled when the port B pins function as input/outputs (PB15-PBO0), for ITU input capture and
output compare (TIOCA4, TIOCA3, TIOCA2, TIOCB4, TIOCB3, and TIOCB2), and as serial
clocks (SCK1, SCKO0). For other functions, they are disabled. For port B pin functions PB15-PBO,
and TIOCA4, TIOCAS, TIOCA2, TIOCB4, TIOCB3, and TIOCB2, and SCK1/SCKO, agiven pin
in port B isan output pin if its corresponding PBIOR bit is set to 1, and an input pin if the bit is
cleared to O.

PBIOR isinitialized to H'0000 by power-on resets; however, it is not initialized for manual resets,
standby mode, or sleep mode.

Bit: 15 14 13 12 11 10 9 8
Bit name: | PB15 PB14 PB13 PB12 PB11 PB10 PB9 PB8
IOR IOR IOR IOR IOR IOR IOR IOR

Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
Bit name: PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
IOR IOR IOR IOR IOR IOR IOR IOR

Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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14.3.4 Port B Control Registers (PBCR1 and PBCR2)

PBCR1 and PBCR?2 are 16-bit read/write registers that select the functions of the sixteen
multiplexed pins of port B. PBCRL1 selects the function of the top eight bits of port B; PBCR2
selects the function of the bottom eight bits of port B. PBCR1 and PBCR2 areinitialized to
H'0000 by power-on resets but are not initialized for manual resets, standby mode, or sleep mode.

PBCRI:

Bit: 15 14 13 12 11 10 9 8

Bit name: | PB15 PB15 PB14 PB14 PB13 PB13 PB12 PB12
MD1 MDO MD1 MDO MD1 MDO MD1 MDO

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Bit name: | PB11 PB11 PB10 PB10 PB9 PB9 PB8 PB8
MD1 MDO MD1 MDO MD1 MDO MD1 MDO

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

+ Bits15and 14 (PB15 mode (PB15MD1 and PB15MD0)): PB15MD1 and PB15MDO select the
function of the PB15/TP15/IRQ7 pin.

Bit 15: PB15MD1 Bit 14: PB15MDO Function

0 0 Input/output (PB15) (initial value)
1 Interrupt request input (IRQ7)

1 0 Reserved
1 Timing pattern output (TP15)

« Bits13and 12 (PB14 mode (PB14MD1 and PB14MD0)): PB14MD1 and PB14MDO select the
function of the PB14/TP14/IRQ6 pin.

Bit 13: PB14MD1 Bit 12: PB14MDO Function

0 0 Input/output (PB14) (initial value)

Interrupt request input (IRQ6)

1
1 0 Reserved
1 Timing pattern output (TP14)
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+ Bits11 and 10 (PB13 mode (PB13MD1 and PB13MDOQ)): PB13MD1 and PB13MDO select the
function of the PB13/TP13/IRQ5/SCK1 pin.

Bit 11: PB13MD1 Bit 10: PB13MDO

Function

0 0 Input/output (PB13) (initial value)
1 Interrupt request input (IRQ5)

1 0 Serial clock input/output (SCK1)
1 Timing pattern output (TP13)

+ Bits9and 8 (PB12 mode (PB12M D1 and PB12MD0)): PB12MD1 and PB12M DO select the
function of the PB12/TP12/TIRQ4/SCKO pin.

Bit 9: PB12MD1 Bit 8: PB12MDO

Function

0 0 Input/output (PB12) (initial value)
1 Interrupt request input (IRQ4)

1 0 Serial clock input/output (SCKO0)
1 Timing pattern output (TP12)

+ Bits7 and 6: PB11 mode (PB11IMD1 and PB11MDO0): PB11IMD1 and PB11M DO select the

function of the PB11/TP11/TxD1 pin.

Bit 7: PB11MD1 Bit 6: PB11MDO

Function

0 0 Input/output (PB11) (initial value)
1 Reserved

1 0 Transmit data output (TxD1)
1 Timing pattern output (TP11)

+ Bits5and 4 (PB10 mode (PB1OMD1 and PB10MDO): PB10MD1 and PB10MDO select the

function of the PB10/TP10/RxD1 pin.

Bit 5: PB10MD1 Bit 4: PB10MDO

Function

0 0 Input/output (PB10) (initial value)
1 Reserved

1 0 Receive data input (RxD1)
1 Timing pattern output (TP10)
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e Bits3and 2 (PB9 mode (PBOMD1 and PBOMDO)): PBOMD1 and PBOMDO select the function
of the PB9/TP9/TxDO pin.

Bit 3: PBOMD1 Bit 2: PBOMDO Function

0 0 Input/output (PB9) (initial value)
1 Reserved

1 0 Transmit data output (TxDO)
1 Timing pattern output (TP9)

* Bits1and 0 (PB8 mode (PB8MD1 and PB8MDO)): PBBMD1 and PB8M DO select the function
of the PB8/TP8/RxDO pin.

Bit 1: PBSMD1 Bit 0: PB8MDO Function

0 0 Input/output (PB8) (initial value)
1 Reserved

1 0 Receive data input (RxDO0)
1 Timing pattern output (TP8)

PBCR2:
Bitt 15 14 13 12 11 10 9 8
Bit name: ‘ PB7MD1’ PB7MDO‘ PBGMDl‘ PB6MDO‘ PBSMDl‘ PBSMDO’ PB4MD1‘ PB4MDO‘
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
Bit name: ‘ PBSMDl’ PBSMDO‘ PBZMDl‘ PBZMDO‘ PBlMDl‘ PBlMDO’ PBOMDl‘ PBOMDO‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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» Bits15and 14 (PB7 mode (PB7MD1 and PB7MDO0)): PB7MD1 and PB7MDO select the
function of the PB7/TP7/TOCXB4/TCLKD pin.

Bit 15: PB7MD1 Bit 14: PB7MDO Function

0 0 Input/output (PB7) (initial value)
1 ITU timer clock input (TCLKD)

1 0 ITU output compare (TOCXB4)
1 Timing pattern output (TP7)

« Bits13and 12 (PB6 mode (PB6MD1 and PB6MD0)): PB6MD1 and PB6MDO select the
function of the PB6/TP6/TOCXA4/TCLKC pin.

Bit 13: PB6MD1 Bit 12: PB6MDO Function

0 0 Input/output (PB6) (initial value)
1 ITU timer clock input (TCLKC)

1 0 ITU output compare (TOCXA4)
1 Timing pattern output (TP6)

* Bits11 and 10 (PB5 mode (PB5M D1 and PB5MD0)): PB5SMD1 and PB5MDO select the
function of the PB5/TP5/TIOCB4 pin.

Bit 11: PB5MD1 Bit 10: PB5MDO Function

0 0 Input/output (PB5) (initial value)
1 Reserved

1 0 ITU input capture/output compare (TIOCB4)
1 Timing pattern output (TP5)

e Bits9and 8 (PB4 mode (PB4MD1 and PB4MDO)): PB4MD1 and PB4M DO select the function
of the PB4/TP4/TIOCAA4 pin.

Bit 9: PB4AMD1 Bit 8: PB4MDO Function

0 0 Input/output (PB4) (initial value)
1 Reserved

1 0 ITU input capture/output compare (TIOCA4)
1 Timing pattern output (TP4)
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e Bits7and 6 (PB3 mode (PB3MD1 and PB3MDO)): PB3MD1 and PB3M DO select the function

of the PB3/TP3/TIOCB3 pin.

Bit 7: PB3MD1 Bit 6: PB3MDO Function

0 0 Input/output (PB3) (initial value)
1 Reserved

1 0 ITU input capture/output compare (TIOCB3)
1 Timing pattern output (TP3)

* Bits5and 4 (PB2 mode (PB2MD1 and PB2MDO0)): PB2MD1 and PB2M DO select the function

of the PB2/TP2/TIOCAS pin.

Bit 5: PB2MD1 Bit 4: PB2MDO Function

0 0 Input/output (PB2) (initial value)
1 Reserved

1 0 ITU input capture/output compare (TIOCA3)
1 Timing pattern output (TP2)

e Bits3and 2 (PB1 mode (PBIMD1 and PB1IMDO)): PBIMD1 and PB1MDO select the function

of the PBI/TPL/TIOCB2 pin.

Bit 3: PB1MD1 Bit 2: PBIMDO Function

0 0 Input/output (PB1) (initial value)
1 Reserved

1 0 ITU input capture/output compare (TIOCB2)
1 Timing pattern output (TP1)

e Bits1land 0 (PBO mode (PBOMD1 and PBOMDO)): PBOMD1 and PBOM DO select the function

of the PBO/TPO/TIOCAZ pin.

Bit 1: PBOMD1 Bit 0: PBOMDO Function

0 0 Input/output (PBO) (initial value)
1 Reserved

1 0 ITU input capture/output compare (TIOCA2)
1 Timing pattern output (TPO)
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1435 Column Address Strobe Pin Control Register (CASCR)

CASCR is a 16-hit read/write register that allows selection between column address strobe and
chip select pin functions. The CASCR isinitialized to H'5FFF by power-on resets but is not

initialized for manual resets, standby mode, or sleep mode.

Bit:

Bit name:

Initial value:
R/W:

Bit:
Bit name:

Initial value:
R/W:

15 14 13 12 11 10 9 8
CASH | CASH | CASL CASL — — — —
MD1 MDO MD1 MDO
0 1 0 1 1 1 1 1
R/W R/W R/W R/W — — — —
7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1

e Bits 15 and 14 (CASH mode (CASHMD1 and CASHMDQ)): CASHMD1 and CASHMDO
select the function of the CS1/CASH pin.

Bit 15: CASHMD1

Bit 14: CASHMDO

Function

0

0

Reserved

Chip select output (CS1) (initial value)

Column address strobe output (CASH)

1
0
1

Reserved

e Bits13and 12 (CASL mode (CASLMD1 and CASLMDO0)): CASLMD1 and CASLMDO
select the function of the CS3/CASL pin.

Bit 13: CASLMD1

Bit 12: CASLMDO

Function

0

0

Reserved

Chip select output (CS3) (initial value)

Column address strobe output (CASL)

1
0
1

Reserved

e Bits 11-0 (reserved): This bit always reads as 1. The write value should always be 1.
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Section 15 Pardlé 1/0 Ports

151 Overview

There are two ports, A and B. Ports A and B are 16-bit I/O ports. The pins of the ports are all
multiplexed for use as general-purpose 1/Os or for other functions. (Use the pin function controller
(PFC) to select the function of multiplexed pins.) Ports A and B each have one data register for
storing pin data.

15.2 Port A

Port A isa 16-pin input/output port, as shown in figure 15.1. The PA3/CS7/WAIT pin of port A
has a pull-up MOS so that when it is functioning as a WAIT pin, the wait state control register of
the bus state controller can be used to select whether to pull up the WAIT pin or not. It is hot
pulled up when the pin is functioning as either PA3 or CS7.

<«—PA . (Input/output)/IRQ3 (Input)/DREQL (Input)

<«—>PA_, (Input/output)/IRQ2 (Input)/DACK1 (Output)

<«—>PA_; (Input/output)/IRQ1 (Input)/DREQO (Input)/ TCLKB (Input)
<«—>PA,, (Input/output)/IRQO (Input)/DACKO (Output)/ TCLKA (Input)
<—PA,; (Input/output)/DPH (Input/output)/TIOCB1 (Input/output)
<«—PA,, (Input/output)/DPL (Input/output)/TIOCA1 (Input/output)
—>PA, (Input/output)/AH (Output)/IRQOUT (Output)

<« PA (Input/output)/BREQ (Input)

<«—PA,, (Input/output)/BACK (Output)

<«—PA, (Input/output)/RD (Output)

«—PA_ (Input/output)/WRH (Output) (LBS (Output))

«—PA, (Input/output)/WRL (Output) (WR (Output))

<«—PA, (Input/output)/CS7 (Output)/WAIT (Input)

—>PA, (Input/output)/CS6 (Output)/TIOCBO (Input/output)
«—PA, (Input/output)/CS5 (Output)/RAS (Output)

«—>PA, (Input/output)/CS4 (Output)/TIOCAO (Input/output)

Port A

Figure15.1 Port A Configuration

15.2.1 Register Configuration

Table 15.1 summarizes the port A register.
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Table15.1 Port A Register

Name Abbreviation R/W Initial Value  Address Access Size

Port A data register PADR R/W H'0000 H'SFFFFCO 8, 16, 32

15.2.2 Port A Data Register (PADR)

PADR is a 16-bit read/write register that stores data for port A. The bits PA1SDR—-PAODR
correspond to the PA15/IRQ3/DREQ1-PA0/CS4/TIOCAO pins. When the pins are used as
ordinary outputs, they will output whatever value iswritten in the PADR; when PADR isread, the
register value will be output regardless of the pin status. When the pins are used as ordinary
inputs, the pin status rather than the register valueis read directly when PADR isread. When a
value iswritten to PADR, that value can be written into PADR, but it will not affect the pin status.
Table 15.2 shows the read/write operations of the port A dataregister.

PADR isinitialized by a power-on reset. However, PADR is not initialized for manual reset,
standby mode, or sleep mode.

Bitt 15 14 13 12 11 10 9 8
Bit name: ’PAlSDR‘PA14DR’PA13DR‘PAlZDR‘PAllDR’PAlODR‘ PA9DR’ PA8DR‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
Bit name: \ PA7DR‘ PA6DR’ PA5DR‘ PA4DR‘ PA3DR‘ PA2DR‘ PAlDR’ PAODR‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Table15.2 Read/Write Operation of the Port A Data Register (PADR)

PAIOR Pin Status Read Write
0 Input Pin status Can write to PADR, but it has no effect on pin
status.
Other function  Pin status Can write to PADR, but it has no effect on pin
status.
1 Output PADR value Value written is output by pin

Other function ~ PADR value Can write to PADR, but it has no effect on pin
status.
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15.3 Port B

Port B is a 16-bit input/output port as shown in figure 16.2.

<«—PB, . (Input/output)/TP15 (Output)/IRQ7 (Input)

<«—PB,, (Input/output)/TP14 (Output)/IRQE (Input)

<«—>PB, ; (Input/output)/TP13 (Output)/IRQ5 (Input)/SCK1 (Input/output)
<«—>PB,, (Input/output)/TP1, (Output)/IRQ4 (Input)/SCKO (Input/output)
<«—>»PB,; (Input/output)/TP1; (Output)/TxD1 (Output)

<—>PB,, (Input/output)/TP1 (Output)/RxD1 (Input)

<—PBg (Input/output)/TPg (Output)/TxDO (Output)

«—PBg (Input/output)/TPg (Output)/RxDO (Input)

<«—PB-, (Input/output)/TP; (Output)/ TOCXB4 (Output)/ TCLKD (Input)
«—PB; (Input/output)/TPg (Output)/ TOCXA4 (Output)/ TCLKC (Input)
<« PB; (Input/output)/TPs (Output)/TIOCB4 (Output)

<«—PB, (Input/output)/TP, (Output)/TIOCA4 (Output)

«—PB; (Input/output)/TP3 (Output)/TIOCB3 (Input/output)

<«—PB, (Input/output)/TP, (Output)/ TIOCAS (Input/output)

<«—PB, (Input/output)/TP; (Output)/TIOCB2 (Input/output)

+—PB, (Input/output)/TPq (Output)/ TIOCAZ (Input/output)

Port B

Figure15.2 Port B Configuration

1531 Register Configuration
Table 15.3 summarizes the port B register.

Table15.3 Port B Register

Name Abbreviation R/W Initial Value  Address Access Size

Port B data register PBDR R/W H'0000 H'5FFFFC2 8,16, 32
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1532 Port B Data Register (PBDR)

PBDR is a 16-bit read/write register that stores datafor port B. The bits PB15SDR-PBODR
correspond to the PB15/TP15/IRQ7-PBO/TPO/TIOCA2 pins. When the pins are used as ordinary
outputs, they will output whatever value is written in the PBDR; when PBDR isread, the register
value will be output regardless of the pin status. When the pins are used as ordinary inputs, the pin
status rather than the register valueis read directly when PBDR isread. When avalue is written to
PBDR, that value can be written into PBDR, but it will not affect the pin status. When the pin
function is set to timing pattern output and the TPC output is enabled by the TPC next data enable
register (NDER), no value can be written to PBDR. Table 15.4 shows the read/write operations of
the port B data register.

PBDR isinitialized by a power-on reset. However, PBDR isnot initialized for amanual reset,
standby mode, or sleep mode.

Bitt 15 14 13 12 11 10 9 8
Bnname:’PBlSDR‘PBl4DR’PBlSDR‘PBlZDR‘PBllDR’PBlODR‘IDBQDR’ PBSDR‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
Bnname:‘ PB7DR‘ PBGDR’ PBSDR‘ PB4DR‘ PBsDR‘ PBZDR‘ PBlDR’ PBODR‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Table15.4 Read/Write Operation of the Port B Data Register (PBDR)

PBIOR Pin Status Read Write
0 Input Pin status Can write to PBDR, but it has no effect on pin
status
TPn Pin status Disabled
Other function  Pin status Can write to PBDR, but it has no effect on pin
status
1 Output PBDR value Value written is output by pin
TPn PBDR value Disabled

Other function ~ PBDR value Can write to PBDR, but it has no effect on pin
status

TPn: Timing pattern output
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Section 16 ROM

16.1 Overview

The SH7020 microcomputer has 16 kbytes of on-chip ROM (mask ROM). The SH7021
microcomputer has 32 kbytes of on-chip ROM (mask ROM or PROM). The on-chip ROM is
connected to the CPU and the direct memory access controller (DMAC) through a 32-bit data bus
(figure 16.1). The CPU can access the on-chip ROM in 8-, 16- and 32-bit widths and the DMAC
can access the ROM in 8- and 16-bit widths. Datain the on-chip ROM can always be accessed in
one cycle.
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SH7020

< Internal data bus (32 bits) >

H'0000000 H'0000001 H'0000002 H'0000003
H'0000004 H'0000005 H'0000006 H'0000007
~L —~L —~L ~L_ ~_
~— ~— ~— ~—
On-chip ROM
H'0003FFC H'0003FFD H'0003FFE H'0003FFF
SH7021
< Internal data bus (32 bits) >
H'0000000 H'0000001 H'0000002 H'0000003
H'0000004 H'0000005 H'0000006 H'0000007
~L_ ~L ~L ~ ~L_
~— ~— ~— ~—
On-chip ROM
H'0007FFC H'0007FFD H'0007FFE H'0007FFF

Note: The addresses shown in the figure are the first shadow addresses in the on-chip ROM
space.

Figure16.1 Block Diagram of ROM

The operating mode determines whether the on-chip ROM isvalid or not. The operating modeis
selected using mode-setting pins MDO-MD2 as shown in tablel7.1. If you are using the on-chip
ROM, select mode 2; if you are not, select mode O or 1. The on-chip ROM is alocated to address
H'0000000—H'0003FFF (SH7020), H'0000000—H'0007FFF (SH7021) of memory area 0. Memory
area 0 (H'0000000-H'0FFFFFF and H'8000000—H'8FFFFFF) is divided into 16-kbyte (SH7020) or
32-kbyte (SH7021) shadows. No matter which shadow is accessed, the on-chip ROM is accessed.
See section 8, Bus State Controller, for more information on shadows.
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Table16.1 Operating Modesand ROM

Mode Setting Pin
Operating Mode MD2 MD1 MDO Area 0

Mode 0 (MCU mode 0) 0 0 0 On-chip ROM invalid, external 8-bit space
Mode 1 (MCU mode 1) 0 0 1 On-chip ROM invalid, external 16-bit space
Mode 2 (MCU mode 2) O 1 0 On-chip ROM valid

Mode 7 (PROM mode) 1 1 1 —

0: Low

1: High

When the SH7021 is set to PROM mode, the PROM version can write programs exactly like
ordinary EPROM using ageneral purpose EPROM writer.

16.2 PROM Mode

16.21  Settingthe PROM Mode

To program the on-chip PROM, set the pins as shown in figure 16.2 and use the chip in PROM
mode.

16.2.2  Socket Adapter Pin Correspondence and Memory Map

Mount the socket adapter to the SH7021 as shown in figure 16.2. This alows the on-chip PROM
to be programmed in exactly the same way as ordinary 32-pin EPROMs (HN27C101). Figure 16.2
shows the correspondence of SH7021 pins and HN27C101 pins. Figure 16.3 shows the memory
map of the on-chip ROM.

The address range of the HN27C101 (128 kbytes) is H'00000-H'LFFFF. The on-chip PROM (34
kbytes) is not found in H'08000-H'1FFFF.

When programming with a PROM writer, the program address range must be set to H'00000—
H'07FFF. The data for the H'08000-H'1FFFF address area should all be H'FF. Set byte mode, not
page mode.
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SH7021

EPROM Socket

Adapter

Pin Number Pin Name

76 RES
74 NMI
1 ADO
2 AD1
3 AD2
5 AD3
6 AD4
7 AD5
8 ADG6
9 AD7
20 AO/HBS
21 Al
22 A2
23 A3
25 A4
26 A5
27 A6
28 A7
29 A8
30 A9
31 Al10
33 All
34 Al2
35 Al13
36 Al4
37 Al5
39 Al6
53 PA2/CS6/TIOCBO
54 PA3/CS7/WAIT
40 Al7
42 Al8

13, 38, 63, 73, 80, 88 Vee
77 MDO
78 MD1
79 MD2

4,15, 24, 32, 41, Vss
50, 59, 70, 81, 82,92
Pin other than the above NC (release)

HN27C101
Pin Name |Pin Number
Vpp 1
A9 26
1/00 13
/101 14
1102 15
1/03 17
1104 18
1/105 19
1/06 20
1107 21
A0 12
Al 11
A2 10
A3 9
A4 8
A5 7
A6 6
A7 5
A8 27
OE 24
A10 23
All 25
Al2 4
Al13 28
Al4 29
Al5 3
Al6 2
PGM 31
CE 22
Vee 32
Vsg 16

Vpp: PROM program
power adapter
A16—A0: Address input
1/07-1/00: Data input/
output

OE: Output enable
PGM: Program enable
CE: Chip enable

Figure16.2 Correspondence Between SH7021 Pinsand HN27C101 Pins
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Addresses in MCU Addresses in

modes 0, 1, and 2* PROM mode
H'0000000 H'0000
On-chip
ROM space
(area 0)
H'0007FFF H'7FFF

Note: Addresses in the figure are the uppermost shadow addresses of the on-chip ROM
space.

Figure16.3 Memory Map of On-chip ROM

16.3 PROM Programming

The write/verify specificationsin PROM mode are the same as for the standard EPROM
HN27C101. The page program system is not supported, so do not set the PROM writer to the page
programming mode. Naturally, PROM writers that only support the page programming mode
cannot be used. When selecting a PROM writer, check that the high-speed, high-reliability
programming system for each byte is supported.

16.3.1  Selecting the Programming Mode

There are two on-chip PROM programming modes: write and verify (which reads and confirms
the data written). Use the pinsto select the modes (table 16.2).
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Table16.2 Select PROM Programming Mode

Pin

Mode CE OE PGM Vpp Ve IO7-1/00 A16-A0
Write 0 1 0 Vpp Vcc Datainput Address input
Verify 0 0 1 Data output
Program inhibit 0 0 0 High impedance

0 1 1

1 0 0

1 1 1
Symbols:
0: Low
1: High

Vpp: Vpp level
VCC: VCC level

16.3.2 Write/Verify and Electrical Characteristics
Write/Verify: Write/verify can be accomplished by an efficient high-speed high-reliability
programming system. This system can write data quickly and accurately without placing voltage

stress on the device. The basic flowchart for this high-speed, high-reliability programming system
isshown in figure 16.4.
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Yes

A 4

(

( o )

Set EPROM writer to
write/verify mode
(Ve =6.0V£0.25V,
Vpp =125V £0.3 V)

Address =0

<
<«

0

n

»

»

n+l-n

Data write

(toyy = 0.2 ms £ 5%)

Verify
result OK?

Address +1 -
Address

Data write
(topw = (0.2 x n) ms)

Final
address?

No

Set EPROM
writer to read mode
(Vee=5.0V£0.25V,

Vep = Vece)

No Results of

No good )<
Vce: Power supply
Vpp!
tow!

topw

PROM program power supply
Initial programming pulse width
. Over programming pulse width

reading all address
OK?

End )

A

Figure16.4 Basic Flowchart of High-Speed High-Reliability Programming
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Electrical Characteristics: Tables 16.3 and 16.4 show the electrical characteristics of
programming. Figure 16.5 shows the timing.

Table16.3 DC Characteristics(Vcc =60V £0.25V,Vpp=125+£03V,Vgs=0V, Ta=

25+ 5°C)

Measurement
Item Pins Symbol Min Typ Max Unit Conditions
Input high I/07-1/00, A16—A0, V|4 24 — Ve +03 V
voltage OE, CE, PGM
Input low I/07-1/00, A16-A0, V. -03 — 0.8 \Y,
voltage OE, CE, PGM
OUtpUt h|gh 1/107-1/00 VOH 2.4 — — \Y IOH =-200 HA
voltage
OUtpUt low 1/07-1/00 VOL — — 0.45 \Y lOL =1.6 mA
voltage
Input leak I/07-1/00, A16-A0, |Iy] — — 2 MA  V|y=5.25V/0.5V
current OE, CE, PGM
V¢ current lcc — — 40 mA
Vpp current lpp — — 40 mA
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Table16.4 AC Characteristics(Vcc =60V £0.25V,Vpp=125+£0.3V,Vgg=0V, Ta=

25+ 5°C)
Measurement

Item Symbol Min Typ Max Unit Conditions
Address setup time tas 2 — - us  Figure 16.5*1
OE setup time toes 2 — — ps

Data setup time tps 2 — — Hs

Address hold time taAH 0 — — us

Data hold time tpH 2 — — ps

Data output disable time tpE*2 — — 130 ns

Vpp setup time tvps 2 — — ps

PGM pulse width in initial programming tpy, 0.19 0.20 0.21 ms

PGM pulse width in over programming  topw*3 0.19 — 5.25 ms

V¢ setup time tves 2 — — ps

CE setup time tces 2 — — ps

Data output delay time tog 0 — 150 ns

Notes: 1. Input pulse level: 0.45-2.4 V
Input rise, fall time < 20 ns
Input timing reference levels: 0.8 V, 2.0 V
Output timing reference levels: 0.8 V, 2.0 V

2. tpgis defined as when output reaches the release state and the output level could not
be referenced.

3. topw is defined as the value given in the flowchart.
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Write Verify

A
v
v

Address B
Xv

Data —zv Write data

Ibs fon or

< »
<« Lol < »

N
N1

Read data

oy toes ||, loe
> e

A

(topw)

Note: topw is defined as the value given in the flowchart.

Figure16.5 Write/Verify Timing

16.3.3  Pointsto Note About Writing

1. Alwayswrite using the prescribed voltage and timing. The write voltage (programming
voltage) Vppis 12.5V (when the EPROM writer is set to the Hitachi specifications for
HN27C101, Vpp becomes 12.5 V.) Applying avoltage in excess of the rated voltage may
damage the device. Pay particular attention to overshooting in the EPROM writer.

2. Before programming, always check that the indexes of the EPROM writer socket, socket
adapter, and devices are consistent with each other. If they are not mounted in the proper
location, an overcurrent may be generated, damaging the device.

3. Do not touch the socket adapter or device during writing. Contact can cause malfunctions that
prevent data from being written accurately.
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4. You cannot write in the page programming mode. Always set the equipment to the byte
programming mode.

5. The capacity of the on-chip ROM is 32 kbytes, so the data of PROM writer addresses
H'08000—H'1FFFF should be H'FF. Always set the range for PROM addresses to H'0000—
H'7FFF.

6. When write errors occur on consecutive addresses, stop writing. Check to see if there are any
abnormalities in the EPROM writer and socket adapter.

16.3.4  Rédliability After Writing

After programming, we recommend letting the device stand at high temperature (125-150°C) for
2448 hoursto increase the reliability of dataretention. Letting it stand at high temperatureis a
type of screening method that can get rid of initial data retention defects of the on-chip PROM's
memory cell within a short period of time. Figure 16.6 shows the flow from programming of the
on-chip PROM, including screening, to mounting on the device board.

Writing and verification Flow chart
of program from figure 16.4

Let stand in nonconductive,
high temperature environment
(125-150°C, 24-48 hours)

Data read and verification
(Ve =5.0V)

( Mount on board )

Figure16.6 Screening Flow

If abnormalities are found when the program is written and verified or the program is read and
checked after the writing/verification or letting the chip stand at high temperature, contact
Hitachi's engineering departments.
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Section 17 RAM

171 Overview

The SH7020 and SH7021 has 1-kbytes of on-chip RAM. The on-chip RAM islinked to the CPU
and direct memory access controller (DMAC) with a 32-bit data bus (figure 17.1). The CPU can
access data in the on-chip RAM in byte, word, or long word units. The DMAC can access byte or
word data. On-chip RAM data can always be accessed in one state, making the RAM ideal for use
asaprogram area, stack area, or data area, which require high-speed access. The contents of the
on-chip RAM are held in both the slegp and standby modes. Memory area 7 addresses H'FFFFC00
to H'FFFFFFF are allocated to the on-chip RAM.

< Internal data bus (32 bits) >

H'FFFFC00 H'FFFFCO01 H'FFFFC02 H'FFFFC03
H'FFFFCO04 H'FFFFCO5 H'FFFFCO06 H'FFFFCO7
~= _= %ﬁ ~= _=
On-chip RAM
H'FFFFFFC H'FFFFFFD H'FFFFFFE H'FFFFFF

Figure17.1 Block Diagram of RAM

17.2  Operation

Accesses to addresses H'FFFFCO0-H'FFFFFFF are directed to the on-chip RAM. Memory area 7
(H'FOO0000—H'FFFFFFF) is divided into shadows in 1 kbyte units. All shadow accesses are on-
chip RAM accesses. For more information on shadows, see section 8, Bus State Controller.

RENESAS 431



Section 18 Power-Down States

18.1 Overview

In the power-down mode, all CPU functions are halted. This lowers power consumption
dramatically.

18.1.1 Power-Down Modes

The SH microprocessor has two power-down modes.

1. Sleep mode
2. Standby mode

The sleep mode and standby mode are entered from the program execution state according to the
transition conditions given in table 18.1. Table 18.1 also describes procedures for canceling each
mode and the states of the CPU and peripheral functions.

Table18.1 Power-Down States

State
Entering Peripheral CPU I/0 Canceling

Mode  Procedure Clock CPU Functions Registers RAM Ports Procedure

Sleep Execute Run Halt Run Held Held Held * Interrupt

mode SLEEP
instruction * DMA
with SBY adaress
bit set to 0
in SBYCR * Power-on

reset
¢ Manual
reset

Standb  Execute Halt Halt  Halt! Held Held Held or NMI

1 *.

y mode SLEEP high-Z « Power-on
instruction reset
with SBY
bit set to 1 * Manual
in SBYCR reset

SBYCR: Standby control register
SBY: Standby bit

Notes: 1. Some of the registers of the on-chip peripheral modules are not initialized in the
standby mode. For details, see table 18.3, Status of Registers in the Standby Mode in
section 18.4.1, Transition to the Standby Mode, or the descriptions of registers given

where the on-chip peripheral modules are covered.
. The status of I/0O ports in the standby mode are set by the port high-impedance bit (HIZ)

of the SBYCR. See section 18.2, Standby Control Register (SBYCR) for details. The
status of pins other than the I/O ports are described in appendix B, Pin States.
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18.1.2 Register
Table 18.2 summarizes the register related to the power-down state.

Table18.2 Standby Control Register (SBYCR)

Name Abbreviation R/W Initial Value Address Access size

Standby control register SBYCR R/W  H1F H'5FFFFBC 8, 16, 32

18.2  Standby Control Register (SBYCR)

The standby control register (SBY CR) is an 8-hit register that can be read or written to. It isset in
order to enter the standby mode and also sets the port states in standby mode. The SBYCR is
initialized to H'1F when reset.

Bit: 7 6 5 4 3 2 1 0
Bitname:‘ SBY ] HIZ \ — ‘ — \ _ ‘ _ ’ _ ‘ _ ‘
Initial value: 0 0 0 1 1 1 1 1

R/W: R/W R/W —_ — — — — —_

e Bit 7 (standby (SBY)): SBY enables transition to the standby mode. The SBY bit cannot be set
to 1 while the timer enable bit (bit TME) in timer control/status register TCSR of watchdog
timer WDT isset to 1. To enter the standby mode, clear the TME bit to O to halt the WDT and
set the SBY hit.

SBY Description
0 Executing SLEEP instruction puts the LSI into sleep mode (initial value)
1 Executing SLEEP instruction puts the LSI into standby mode

e Bit 6 (port high-impedance (HIZ)): HIZ selects whether I/O portsremain in their previous
states during standby, or are placed in the high-impedance state when the standby mode is
entered. The HIZ bit cannot be set to 1 while the TME hit is set to 1. To place the pins of the
1/O portsin high impedance, clear the TME bit to 0 before setting the HIZ bit.

HIZ Description
0 Port states are maintained during standby (initial value)
1 Ports are placed in the high-impedance state in standby
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» Bits5-0 (reserved): Bit 5 isaread-only bit that always reads as 0. Only write O to bit 5.
Writing to bits 4-0 is disabled. These bits alwaysread 1.

18.3 Sleep Mode

18.3.1 Transition tothe Sleep Mode

Execution of the SL EEP instruction when the standby bit (SBY) in the standby control register
(SBYCR) is cleared to 0 causes a transition from the program execution state to the sleep mode.
Although the CPU halts immediately after executing the SLEEP instruction, the contents of its
internal registers remain unchanged. The on-chip peripheral modules do not halt in the sleep
mode.

18.3.2 Canceling the Sleep Mode
The sleep mode is canceled by an interrupt, DMA address error, power-on reset, or manual reset.

Cancellation by an Interrupt: When an interrupt occurs, the sleep mode is canceled and interrupt
exception processing is executed. The sleep mode is not canceled if the interrupt cannot be
accepted because its priority level isequal to or less than the mask level set in the CPU’ s status
register (SR). Likewise, the sleep mode is not canceled if the interrupt is disabled by the on-chip
peripheral module.

Cancellation by a DMA AddressError: If the DMAC operates during the sleep mode and a
DMA address error occurs, the sleep mode is canceled and DMA address error exception-
processing is executed.

Cancellation by a Power-On Reset: If the RES signal goes low whilethe NMI signal is high, the
sleep mode is canceled and the power-on reset state is entered. If the NMI signal is brought from
low to high in order to set the LSI for power-on resets, an NMI interrupt will occur whenever the
rising edge of the NMI is selected as the valid edge (in NMI edge select bit NMIE of the interrupt
control register ICR of the interrupt controller). When this occurs, the NMI interrupt cancels the
sleep mode.

Cancellation by a Manual Reset: If the RES signal goes low while the NMI signal islow, the
sleep mode is canceled and the manual reset state is entered. If the NMI signa is brought from
high to low in order to set the LS| for manual resets, the sleep mode will be canceled by an NMI
interrupt whenever the falling edge of the NMI is selected as the valid edge (in the NMIE hit).
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184  Standby Mode

18.4.1 Transition to the Standby Mode

To enter the standby mode, set the standby bit (SBY) to 1 in the standby control register

(SBYCR), then execute the SLEEP instruction. The LSI moves from the program execution state
to the standby mode. The standby mode greatly reduces power consumption by halting not only
the CPU, but the clock and on-chip peripheral modules as well. Some registers of the on-chip
peripheral modules are initialized, others are not (See table 18.3). Aslong as the specified voltage
is supplied, however, CPU register contents and on-chip RAM data are held. The 1/O port state
(hold or high impedance) depends on the port high-impedance bit (H1Z) in the SBY CR. For details
on the states of these pins, see appendix B. Pin States.
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Table18.3 Register Statesin the Standby Mode

Module Register Initialized Registers That Hold Data
Interrupt controller (INTC) — All registers
User break controller (UBC) — All registers
Bus state controller (BSC) — All registers
Pin function controller (PFC) — All registers
I/O ports — All registers

Direct memory access controller
(DMAC)

All registers

Watchdog timer (WDT)

 Bits 7-5 (OVF, WT/IT, TME)
of the timer control status
register (TCSR)

» Reset control/status register
(RSTCSR)

¢ Bits 2-0 (CKS2-CKS0)
of the timer control status
register (TCSR)

e Timer counter (TCNT)

16-bit integrated timer pulse unit
(ITV)

All registers

Programmable timing pattern
controller (TPC)

All registers

Serial communications interface
(SCI)

* Receive data register (RDR)
» Transmit data register (TDR)
 Serial mode register (SMR)
* Serial control register (SCR)
 Serial status register (SSR)
* Bit rate register (BBR)

Power-down state register

Standby control register
(SBYCR)
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18.4.2 Canceling the Standby Mode
The standby mode is canceled by an NMI interrupt, a power-on reset, or a manual reset.

Cancellation by an NMI: When arising edge or falling edge (as selected by the NMIE bit in
interrupt control register ICR of interrupt controller INTC) is detected at the NMI pin, the clock
oscillator begins operating. At first, clock pulses are supplied only to the watchdog timer. After the
time that was selected before entering the standby mode using clock select bits 2-0 (CK S2—CK S0)
in the timer control/status register TCSR of the watchdog timer WDT, the watchdog timer
overflows. After the overflow, the clock is considered stable and supplied to the entire chip. The
standby mode is canceled and the NMI exception-processing sequence begins.

When the standby mode is cleared by an NMI interrupt, bits CK S2—-CK SO must be set so that the
WDT overflow interval is equal to or greater than the clock settling time. When the standby mode
is cleared when the fall edge has been selected in the NMI hit, be sure that the NMI pin is high
when standby is entered (when the clock is halted) and low when the chip returns from standby
(clock starts up after oscillator is stabilized). Likewise, when the standby mode is cleared when the
rise edge has been selected in the NMI hbit, be sure that the NMI pin islow when standby is
entered (clock halted) and high when the chip returns from standby (clock starts up after oscillator
is stabilized).

Cancellation by a Power-On Reset: If the RES signal goes low while the NMI signal is high, the
standby mode is canceled and the power-on reset state is entered. If the NMI signal is brought
from low to high in order to set the LSI for power-on resets, the standby mode will not be canceled
by an NMI interrupt, because the NMI signal isinitialized for the falling edge in the standby mode
(by the NMIE hit).

Cancellation by a Manual Reset: If the RES signal goeslow while the NMI signal islow, the
standby mode is canceled and the manual reset state is entered. If the NMI signal is brought from
high to low in order to set the LS| for manual resets, the standby mode will first be canceled by an
NMI interrupt, because the NMI signal isinitialized for the falling edge in the standby mode (by
the NMIE bit).
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18.4.3 Standby Mode Application

In this example, the standby mode is entered on the falling edge of the NMI signal and canceled
on the rising edge of the NMI signal. Figure 18.1 shows the timing.

After an NMI interrupt is accepted (high goesto low) while the NMI edge select bit NMIE in the
interrupt control register ICR is cleared to O to select detection of the falling edge, the NMI
exception service routine setsthe NMIE to 1 (selecting detection of the rising edge) and sets the
SBY hit to 1. Finally, it executes a SLEEP instruction to enter the standby mode.

The standby mode is canceled on the rising edge of the NMI signal.

osaitator | [ | [[|[I[TIIIITII] pzaiiiiiiiing
— ‘ ‘
NMI l « : I T

) )

((
| : )

NMIE

((

)

‘ «

SSBY ‘ | ‘ 7
«
))

Clock éetting time
‘ ‘

NMI Exception Standby Oscillation Time NMI
exception  service mode start set exception
processing  routine time in processing

SBY =1 WDT
SLEEP
instruction

Figure18.1 NMI Timingfor the Standby M ode (Example)

RENESAS 439




Section 19 Electrical Characteristics

19.1  Absolute Maximum Ratings

Table19.1 Absolute Maximum Ratings

Item Symbol Rating Unit
Power supply voltage Vee -0.3t0 +7.0 \%
Program voltage Vpp -0.3to0 +13.5 \Y,
Input voltage Vin —-0.3t0 Ve + 0.3 \Y,
Operating temperature Topr —20 to +75* °’C
Storage temperature Tstg -55to +125 °’C
Caution: Operating the LSI in excess of the absolute maximum rating may result in permanent
damage.

Note: Normal Products: Topr = —40 to +85°C for wide-temperature range products
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19.2 DC Characteristics

Table 19.2 lists DC characteristics. Table 19.3 lists the permissible output current values.

Usage Conditions:

« The current consumption value is measured under conditions of V| min=V¢cc —0.5V and
V. max = 0.5V with no load on any output pin and the on-chip pull-up MOS off.

Table19.2 DC Characteristics (1)

Conditions. Vcc=5.0V £10%, Vss=0V, @=20 MHz, Ta=-20to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products.

Measurement

Item Symbol Min Typ Max Unit Conditions
Input high-  RES, NMI, \m Vec—0.7— Vec+03 V

MD2-MDO
level EXTAL Vee X0.7— Ve +03 V
voltage - -

Other input pins 2.2 — Vect+t03 V
Input low- RES, NMI, VL -0.3 — 05 Y,

MD2-MDO
level Other input pins -03 — 08 v
voltage
Schmidt PA13-PA10, Ao 4.0 — — \Y
trigger PA2, PAO, PB7—
input PBO Vi _ — 10 v
voltage

VT+—VT_O.4 _ — \Y

Input leak RES [lin] — — 1.0 MHA Vin=05t0Vcc—-05V
current NMI, MD2-MDO — — 10 MA Vin=05toVec—0.5V
3-state leak Ports A and B, [Isil — — 1.0 MA Vin=05t0Vcc-05V
current CS3-CS0, A21-
(while off) A0, AD15-ADO
Input pull- PA3 —Ip 20 — 300 MA  Vin =0V
up MOS
current
Output All output pins VoH Vec—- 05— — V  loy =—200 pA
high-level 35 _ V. olou=-1mA
voltage
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Table19.2 DC Characteristics (1) (cont)

Conditions: Ve = 5.0V £10%, Vss =0V, ¢ = 20 MHz, Ta=—20 to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products .

Measurement
Item Symbol Min Typ Max Unit Conditions
Output low level All output pins Vg — — 04 \Y, lo. =1.6 mA
voltage — — 12 V  lo =8mA
Input capacitance RES Cin — — 30 PF Vin=o0V
NMI — — 130 pF  Input signal
All other input — — 20 pF fl-z i ';A;é
pins
Current consumption  Ordinary lcc — 65 80 mA =125 MHz
operation — 75 90 mA f=16.6 MHz
— 90 100 mA f=20 MHz
Sleep — 30 50 mA =125 MHz
— 35 55 mA f=16.6 MHz
— 40 60 mA f=20 MHz
Standby — 0015 HA Tas<50°C
— — 200 MA  50°C < Ta
RAM stand-by voltage Veaw 20 — — \Y

Usage Notes:

1. Current dissipation values are for V,, min=V. - 0.5V and V,, max = 0.5V with al output

pins unloaded and the on-chip pull-up transistorsin the off state.

5. The ZTAT and mask versions have the same functions, and the electrical characteristics of
both are within specification, but characteristic-related performance values, operating margins,
noise margins, noise emission, etc., are different. Caution is therefore required in carrying out

system design, and when switching between ZTAT and mask versions.
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Table19.2 DC Characteristics (2)
Conditions: Ve =5.0V £10%, Vss =0V, @=16.6 MHz, Ta=—-20to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products.

Measurement
Item Symbol Min Typ Max Unit Conditions
Input hlgh' RES, NMI, VlH VCC -0.7 — VCC +03 V
MD2-MDO
level voltage gyl Voo X0.7 —  Vec+0.3  V
Other input pins 2.2 — Vcct+03 V
Input low- RES, NMI, Vi -0.3 — 05 \Y,
level voltage MD2-MDO
Other input pins -0.3 — 038 \%
Schmidt PA13-10, PA2, Vot 4.0 — — \Y,
trigger input  PAO, PB7-PBO Vi . — 1 V
voltage
VT+—VT_ 0.4 _ — Vv
Input leak RES [lin] — — 1.0 MA  Vin=0.51t0 V¢
current -05V
NMI, MD2-MDO — — 10 MA  Vin=0.5t0 Vcc
-05V
3-state leak  Ports A and B, |Isil — — 1.0 MA  Vin=0.51t0 V¢
current (while CS3-CS0, A21- -05V
off) A0, AD15-ADO
Input pull-up  PA3 —Ip 20 — 300 MA  Vin=0V
MQOS current
Output high-  All output pins VoH Vec—-05 — — \Y, lon = —200 pA
level voltage 35 _ v loy = —1 MA
Output low All output pins VoL — — 04 \% lop =1.6 mA
level voltage _ — 12 v loL = 8 MA
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Table19.2 DC Characteristics (2) (cont)

Conditions: Ve = 5.0V £10%, Vss =0V, @ = 16.6 MHz, Ta= —20 to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products .

Measurement
Item Symbol  Min Typ Max Unit Conditions
Input RES Cin — — 30 pF  Vin=0V
capacitance _ — Input signal
NMI 30 pF f=1 MHz
All other input — — 20 pF Ta=25°C
pins
Current Ordinary lcc — 65 80 mA f=12.5 MHz
consumption  operation
— 75 90 mA f=16.6 MHz
Sleep — 30 50 mA =125 MHz
— 35 55 mA f=16.6 MHz
Standby — 001 5 MA  Ta<50°C
— — 20.0 MA  50°C<Ta
RAM voltage VRaAM 2.0 — — \Y
stand-by
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Table19.2 DC Characteristics (3)
Conditions: Vcc=3.0V t055V,Vgs=0V, 9= 125 MHz, Ta=-20to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products.

Measurement
Item Symbol Min Typ Max Unit Conditions
Input hlgh' RES, NMI, VlH VCC x09 — VCC +03 V
level voltage MD2-MDO
EXTAL Vee x0.7 — Vec+03 V
Other input pins Ve x0.7 — Vec+03 V
Input low- RES, NMI, VL -0.3 — Ve x01 V
level voltage MD2-MDO
Other input pins -0.3 — Ve x02 V
Schmidt triggerPA13-10, PA2, A2 Vee X099 —  — \Y
input PAO, PB7-PBO
voltage Vi~ _ — Veex02 V
VT+—VT_ VCC x0.07 — — Vv
Input leak RES |lin] — — 10 MA  Vin=0.5t0 V¢
current -05V
NMI, MD2-MDO — — 10 MA  Vin=0.5t0 V¢
-05V
3-state leak  Ports A and B, |Isil — — 10 MA  Vin=0.5t0 V¢
current (while CS3-CS0, A21- -05V
off) A0, AD15-ADO
Input pull-up  PA3 —lp 20 — 300 HA  Vin =0V
MOS current
Output high-  All output pins VoH Vee-05 — — V. loy=-200 pA
level voltage Vec—10 — — Vo lon=-1mA
Output low All output pins VoL — — 04 \Y lo. =1.6 mA
level voltage
— — 12 V  lg.=8mA
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Table19.2 DC Characteristics (3) (cont)
Conditions: Vcc=3.0V t055V,Vgs=0V, =125 MHz, Ta=-20to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products .

Measurement

Item Symbol  Min Typ Max Unit Conditions
Input RES Cin — — 30 pF  Vin=0V
capacitance _ — Input signal

NMI 30 pF f=1 MHz

All other input — — 20 pF Ta=25°C

pins
Current Ordinary lce — 65 80 mA f=12.5 MHz
consumption operation

Sleep — 30 50 mA =125 MHz

Standby — 0.01 5.0 HA  Ta<50°C

— — 20 MA  50°C<Ta

RAM stand-by voltage VRraAM 2.0 — — \%
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Table19.3 Permitted Output Current Values

CaseA: Ve =3.0t055V, Vgs=0V, @=12.5 MHz, Ta= —20 to +75°C*
CaseB: Ve = 5.0V +10%, Vs = 0V, ¢= 16.6 MHz, Ta=-20to +75°C*
Case C: Ve = 5.0V +10%, Vsg = 0V, ¢= 20 MHz, Ta=-20t0 +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products.

12.5 MHz

Item Symbol Min Typ Max Unit
Output low-level permissible loL — — 10 mA
current (per pin)

Output low-level permissible > oL — — 80 mA
current (total)

Output high-level permissible —lon — — 2.0 mA
current (per pin)

Output high-level permissible =Y lon — — 25 mA

current (total)

Caution: To ensure LSl reliability, do not exceed the value for output current given in table 19.3.
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19.3 AC Characteristics

The following AC timing chart represents the AC characteristics, not signal functions. For signal

functions, see the explanation in the text.

19.3.1 Clock Timing

Table19.4 Clock Timing

CaseA: Ve =3.0t055V, V=0V, Ta= 2010 +75°C*
CaseB: Ve = 5.0V £10%, Vg = 0V, Ta= —20 to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products.

Case A Case B

Sym- 12.5 MHz 16.6 MHz 20 MHz
Item bol Min Max Min Max Min Max Unit Figures
EXTAL input high level texy 20 — 0 — 10 — ns 19.1
pulse width
EXTAL input low level tex, 20 — 10 — 100 — ns
pulse width
EXTAL input rise time texr — 10 — 5 — 5 ns
EXTAL input fall time text — 10 — 5 — 5 ns
Clock cycle time teye 80 — 60 500 50 500 ns 19.1,19.2
Clock high pulse width tcH 30 — 20 — 20 — ns 19.2
Clock low pulse width toL 30 — 20 — 20 — ns
Clock rise time ter — 10 — 5 — 5 ns
Clock fall time ter — 10 — 5 — 5 ns
Reset oscillation settling  togc: 10 — 10 — 10 — ms 19.3
time
Software standby toscz 10 — 10 — 10 — ms

oscillation settling time
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19.3.2 Control Signal Timing

Table19.5 Control Signal Timing

CaseA: Ve =3.0t055V, Vg =0V, Ta=-20t0 +75°C*
CaseB: Ve = 5.0V +£10%, Vg = 0V, Ta= 20 to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products.

Case A Case B

12.5 MHz 16.6 MHz 20 MHz
Item Symbol Min Max Min Max Min Max Unit Figure
RES setup time trRESS 320 — 240 — 200 — ns 19.4
RES pulse width trResw 20 — 20 — 20 — teye
NMI reset setup time tnmirs 3200 — 240 — 200 — ns
NMI reset hold time tNmirRn - 320 — 240 — 200 — ns
NMI setup time tamIs 160 — 120 — 100 — ns 19.5
NMI hold time tNMIH 80 — 60 — 50 — ns
IRQO-IRQY7 setup time (edge tiroes 160 — 120 — 100 — ns
detection time)
IRQO-IRQY7 setup time (level tiroLs 160 — 120 — 100 — ns
detection time)
IRQO-IRQ7 hold time tirgen 80 — 60 — 50 — ns
IRQOUT output delay time) trRgop — 80 — 60 — 50 ns 19.6
Bus request setup time tBrOS 80 — 60 — 50 — ns 19.7
Bus acknowledge delay time 1 tgacp1  — 80 — 60 — 50 ns
Bus acknowledge delay time 2 tgacp, — 80 — 60 — 50 ns
Bus 3-state delay time tgzD — 80 — 60 — 50 ns
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19.3.3 BusTiming
Table19.6 BusTiming (1)
Conditions: Ve =5.0V +£10%, Vss =0V, ¢ =20 MHz, Ta=-20to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products.
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Item Symbol Min Max Unit Figures
Address delay time tap — 201 ns  19.8,19.9,19.11-19.14,
19.19, 19.20
CSdelay time 1 tcspa — 25 ns  19.8,19.9, 19.20
CSdelay time 2 tcspz — 25 ns
CSdelay time 3 tcsps — 20 ns 19.19
CSdelay time 4 tcspa — 20 ns
Accesstime 16 35% duty*2 tgpaci  teyc X0.65—  — ns 19.8
from read strobe 20
50% duty teye X0.5-20 — ns
Access time 2°®  35% duty”? tgpacz  teye X(N+1.65) —  ns  19.9,19.10
from read strobe -20"
50% duty teye X (N+1.5) - — ns
-20"
Access time 3®  35% duty”? tppacz  teye X(N+0.65) — ns  19.19
from read strobe -20"
50% duty teye X (n+0.5) — — ns
-20"
Read strobe delay time trRsD — 20 ns 19.8, 19.9, 19.11-19.15,
19.19, 19.24-19.28
Read data setup time trRDS 15 — ns 19.8, 19.9, 19.11-19.14,
Read data hold time tRDH 0 — ns 19.19
Write strobe delay time 1 twsp1 — 20 ns 19.9, 19.13, 19.14,
19.19, 19.20
Write strobe delay time 2 twsp2 — 20 ns 19.9, 19.13, 19.14,
19.19
Write strobe delay time 3 twsp3 — 20 ns 19.11, 19.12
Write strobe delay time 4 twspa — 20 ns 19.11, 19.12, 19.20
Write data delay time 1 twop1 — 35 ns 19.9, 19.13, 19.14, 19
Write data delay time 2 twpp2 — 20 ns 19.11, 19.12
Write data hold time twDH 0 — ns 19.9,19.11-19.14
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Table19.6 BusTiming (1) (cont)

Conditions: Ve = 5.0 V £10%, Vss = 0V, ¢= 20 MHz, Ta=—20 to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products.

Item Symbol Min Max Unit Figures

Parity output delay time 1 twebD1  — 40 ns 19.9,19.13,19.14

Parity output delay time 2 twebD2z < — 20 ns  19.11, 19.12

Parity output hold time twPDH 0 — ns  19.9,19.11-19.14

Wait setup time twts 14 — ns 19.10, 19.15, 19.19

Wait hold time twTH 10 — ns

Read data access time 1'6 tacct toye — 30*4 — ns  19.8,19.11, 19.12

Read data access time 2'6 tacco toye X(N+2) =  — ns  19.9,19.10, 19.13,
30" 19.14

RAS delay time 1 traspr — 20 ns  19.11-19.14,

RAS delay time 2 trasp2 — 30 ns 19.16-19.18

CAS delay time 1 tcaspr  — 20 ns 19.11

CAS delay time 2 tcaspz  — 20 ns  19.13, 19.14,

CAS delay time 3 tcasps — 20 ns 19.16-19.18

Column address setup time tasc 0 — ns  19.11, 19.12

Read data 35% duty™?  tcacs teyc X0.65—  — ns

access time 19

fromCAS1%6 5094 duty tyeX05-19 —  ns

Read data access time from tcaca teye X (N+1) = — ns  19.13, 19.14, 19.15

CAS 2'6 25"

Read data access time from tracC1 teye x1.5-20 — ns  19.11, 19.12

RAS 16

Read data access time from trac2 teye X (N+2.5) — — ns  19.13, 19.14, 19.15

RAS 2"6 20"

High-speed page mode CAS tcp teye ¥ 0.25 — ns 19.12

precharge time
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Table19.6 BusTiming (1) (cont)

Conditions: Ve = 5.0V £10%, Vss =0V, ¢ = 20 MHz, Ta=—20 to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products.

Item Symbol Min Max Unit Figures

AH delay time 1 tAHD1 — 20 ns 19.19

AH delay time 2 tAHD2 — 20 ns

Multiplexed address delay tmaD — 30 ns

time

Multiplexed address hold time  tyan 0 — ns

DACKO, DACK1 delay time 1 tpacpr — 23 ns  19.8,19.9,19.11-
19.14,19.19, 19.20

DACKO, DACK1 delay time 2 tpacpz — 23 ns

DACKO, DACK1 delay time 3  tpacpz — 20 ns 19.9, 19.13, 19.14,
19.19

DACKO, DACK1 delay time 4  tpacps — 20 ns  19.11, 19.12

DACKO, DACK1 delay time 5 tpacps — 20 ns

Read delay time 35% duty™? tgpp —  tgx035+12 ns  19.8,19.9,19.11-

“s0%duty — tex05+15 ns 191519191020

Data setup time for CAS tps 0% — ns  19.11, 19.13

CAS setup time for RAS tcsr 100 — ns 19.16, 19.17, 19.18

Row address hold time tRAH 10 — ns 19.11, 19.13

Write command hold time tweH 15 — ns

Write command  35% duty™  tycs 0 — ns  19.11

setup time 50% duty 0 — ns

Access time from CAS tacp teye ns 19.12

precharge*® -20

Notes: 1. HBS and LBS signals are 25 ns.
2. When frequency is 10 MHz or more.

o0k w

n is the number of wait cycles.
Access time from addresses AO to A21 is tcyc-25.
-5 ns for parity output of DRAM long-pitch access.

It is not necessary to meet the tgpg specification as long as the access time
specification is met.
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Table19.7 BusTiming (2)

Conditions: Ve = 5.0V £10%, Vss = 0V, @ = 16.6 MHz, Ta= —20 to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products.

Item Symbol Min Max Unit Figures
Address delay time tap — 251 ns  19.8,19.9,19.11-19.14,
19.19, 19.20

CSdelay time 1 tcspl — 30 ns 19.8, 19.9, 19.20
CSdelay time 2 tcspz — 25 ns
CSdelay time 3 tcsps — 25 ns 19.19
CSdelay time 4 tcspa — 25 ns
Accesstime 1®  35% duty”? tppaci  teye X0.65— —  ns 198
from read strobe

50% duty teye X 0.5 — ns
Access time 2°®  35% duty? tgpaczy  tee X(N+  —  ns 19.9,19.10
from read strobe 1.65) — 20"

50% duty teye X (N + — ns

1.5)-20"3

Access time 3®  35% duty™l tgpacs  teee X(N+  —  ns 19.19
from read strobe 0.65) — 20™3

50% duty teye X (N + — ns

0.5)-20"
Read strobe delay time trsD — 25 ns 19.8, 19.9, 19.19
Read data setup time trRDS 15 — ns 19.8,19.9, 19.11-19.14,
Read data hold time trRDH 0 — ns 19.19
Write strobe delay time 1 twsb1 — 25 ns 19.9, 19.13, 19.14, 19.19,
19.20

Write strobe delay time 2 twsp2 — 25 ns 19.9,19.13, 19.14, 19.19
Write strobe delay time 3 twsp3 — 25 ns 19.11, 19.12
Write strobe delay time 4 twspa — 25 ns 19.11, 19.12, 19.20
Write data delay time 1 twobp1 — 45 ns 19.9, 19.13, 19.14, 19.19
Write data delay time 2 twop2 — 25 ns 19.11, 19.12
Write data hold time twDH 0 — ns 19.9, 19.11-19.14
Parity output delay time 1 tweoD1  — 45 ns 19.9,19.13,19.14
Parity output delay time 2 twepD2z @ — 25 ns 19.11, 19.12
Parity output hold time twPDH 0 — ns 19.9,19.11-19.14
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Table19.7 BusTiming (2) (cont)

Conditions: Ve = 5.0V £10%, Vss =0V, @ = 16.6 MHz, Ta= —20 to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products.

Item Symbol Min Max Unit Figures
Wait setup time twTs 19 — ns 19.10, 19.15, 19.19
Wait hold time twTH 10 — ns
Read data access time 176 tacct toye — 30*4 — ns 19.8,19.11,19.12
Read data access time 2”6 taccs teye X(N+2)—  — ns  19.9,19.10, 19.13,
30" 19.14
RAS delay time 1 traspr  — 25 ns 19.11-19.14,
RAS delay time 2 trasD2 — 35 ns 19.16-19.18
CAS delay time 1 tcaspr  — 25 ns 19.11
CAS delay time 2 tcaspz  — 25 ns 19.13, 19.14,
CAS delay time 3 tcasps — 25 ns 19.16-19.18
Column address setup time tasc 0 — ns 19.11, 19.12
Read data access 35% duty™? tcacy teye x0.65- — ns
time from CAS 16 19
50% duty teye X0.5-19 — ns
Read data access time from tcaca teye Xx(N+1) - — ns 19.13, 19.14, 19.15
CAS 2'6 253
Read data access time from trac1 teye X1.5-20 — ns 19.11, 19.12
RAS 1"6
Read data access time from trac2 teye X (N +25) — ns 19.13, 19.14, 19.15
RAS 276 -20%
High-speed page mode CAS tcp teye X 0.25 — ns 19.12
precharge time
AH delay time 1 tAHD1 — 25 ns 19.19
AH delay time 2 tAHD2 — 25 ns
Multiplexed address delay time  tyap — 30 ns
Multiplexed address hold time tMAH 0 — ns
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Table19.7 BusTiming (2) (cont)

Conditions: Ve = 5.0V £10%, Vss = 0V, @ = 16.6 MHz, Ta= —20 to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products.

Item Symbol Min Max Unit Figures

DACKO, DACK1 delay time 1 tpacpr  ~ — 25 ns  19.8,19.9, 19.11-19.14,

DACKO, DACK1 delay time 2 tpacpz ~ — 25 ns 19:19,19.20

DACKO, DACK1 delay time 3 tpacps — 25 ns  19.9,19.13, 19.14,
19.19

DACKO, DACK1 delay time 4  tpacpa — 25 ns 19.11, 19.12

DACKO, DACK1 delay time 5  tpacps — 25 ns

Read delay 35% duty™?  trpp — e x035+12 ns  19.8,19.9,19.11-19.15,

time 50% duty — e x05+15 ns 1919

Data setup time for CAS tps 0% — ns  19.11, 19.13

CAS setup time for RAS tcsr 10 — ns 19.16, 19.17, 19.18

Row address hold time tRAH 100 — ns 19.11, 19.13

Write command hold time tweH 15 — ns

Write command  35% duty™  tycs 0o — ns  19.11

setup time 50% duty 0 _ ns

Access time from CAS tacp teye ns 19.12

precharge™® -20

Notes 1. HBS and LBS signals are 30 ns.

2. When frequency is 10 MHz or more

o0k ow
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2. Fortaccy, Use teye — 30 instead of teye —tap (Or tesp) — trps:
3. trpn is measured from A21-A0, CSn, or RD, whichever is negated first.

For trpac1, Use teye % 0.65 — 20 (for 35% duty) or teye x 0.5 — 20 (for 50% duty)

Figure19.8 Basic BusCycle: One-State Access
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Figure19.10 Basic BusCycle: Two States + Wait State
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Figure19.11 DRAM BusCycle (Short Pitch, Normal Mode)
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Figure19.12 (a) DRAM Bus Cycle (Short-Pitch, High-Speed Page M ode: Read)
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Figure19.12 (b) DRAM Bus Cycle (Short-Pitch, High-Speed Page Mode: Write)

Note: For details of the silent cycle, see section 8.5.5, Burst Operation.
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Figure19.13 DRAM BusCycle: (Long Pitch, Normal M ode)
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For tcaca, Use teye X (n+ 1) — 25 instead of teye % (N + 1) — tcasp2 — tros-
For tacca, Use teye % (n+2) — 30 instead of tye % (N +2) —tap — trps:

For traco, Use teye * (N +2.5) — 20 instead of ey % (n + 2.5) — trasp1 — tros-
trpy is measured from A21-A0 or CAS, whichever is negated first.

trpn IS measured from A21-A0, RAS, or CAS whichever is negated first.

Figure19.14 DRAM BusCycle: (Long Pitch, High-Speed Page M ode)
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DACKO
DACK1
(Write)

Tp Tr Te1 Tw Teo
CK m‘ A )HZZ_\_JZ \—
A\
&
X__Row X Column X
\ trsD
N n
A\Y (
trRoD| | X 2
\ ~
).
A\Y
t *1
CAC2
2
tacc2”
trac2*®
. o
&
X 2 X
s
s
)
S
&
s
2
X ) X
twrs|twtH  twrs||{twTH

WAI T

Notes: 1.
2.
3.

X

For tCACZ! use tcyc X (n + 1) — 25 instead of tcyc X (n + 1) - tCASDZ - tRDS'
For tacco, Use teye * (N +2) — 30 instead of tgye % (N + 2) —tap — trps.
For traca, USe teye X (N +2.5) — 20 instead of teyc X (N + 2.5) —trasp1 — trps:

Figure19.15 DRAM BusCycle: (Long Pitch, High-Speed Page Mode + Wait State)
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trasD2
/|
tcasps
/|
WVRH,
VRL
Figure19.16 CAS-before-RAS Refresh (Short Pitch)
| Trp Trr TRe ‘ TRe
o SN —__
tRASD.
RAS
tcasps
CAS
VIRH X
VRL

Figure19.17 CAS-before-RAS Refresh (Long Pitch)
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Y

)

Tre

TRec

trasD2

. Trp Trr
.
trasD1
RAS \
tcsr
tcasp2
CAS

A\Y

)

tcasps

A\Y

Figure19.18 Self Refresh
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J Ty L T v T3 v Ty -
cK _/ \ / \ /! X /l \ A
tap
D
A21-A0
HBS, LBS X ><
tcsps tcspa
> >
CS6
tAHD1 taHD2
AH %
trRoD tRsp
RD <« >
(Read) \
tMaD tvaH | trpAcs t
AD15-ADO T ROH
(Read) {___ Address }——{ Data
(input)
tbaco1 tbacp2
DACKO > [« -
DACK1 X X
(Read) . .
WSD1 WSD2
VRH, V\RL, -
VR (Write)
tmaD t twpp1 twoy
AD15-ADO D Sieh 7
(Write) — Address >——i Data (output)
tbacps tbacps
DACKO g nig
DACK1 Xr >i
(Write) twTH
twrs, |
<—
VAl T /N
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Figure19.19 AddressData Multiplex |/O Bus Cycle




CK

A21-A0
HBS, LBS

WWRH, V\RL,
WR (Write)

DACKO
DACK1
(Write)

t t
JcspL lesp2
- > D
— [
! /
tWSDl tWSD4
>
tDACDl tDACD2
-«>

Figure19.20 DMA Single Transfer/1 State Access Write
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Table19.8 BusTiming (3)

Conditions: Vcc = 3.0t05.5V, Ve =0V, 9= 12.5 MHz, Ta=—20 to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products.

Item Symbol Min Max Unit Figures

Address delay time taD — 40 ns 19.21, 19.22, 19.24—
19.27,19.32, 19.33

CSdelay time 1 tcspr  — 40 ns  19.21,19.22,19.33

CSdelay time 2 tcspz  — 40 ns

CSdelay time 3 tcsps — 40 ns 19.32

CSdelay time 4 tcspa  — 40 ns

Access time 1% 35% duty™ tppaci  teye X 0.65— 35 — ns  19.21,

from read strobe 50% duty teye X0.5—35 _ ns

Access time 24 35% duty™ tgpacy  teye X(N+1.65)—352 —  ns  19.22,19.23

from read strobe gnq, duty teye X (N+1.5) - 352 __ ns

Access time 3" 35% duty™ tgpacs  teye X (N+0.65) 352 —  ns  19.32

from read strobe 50% duty teye X (N+0.5) — 352 __ ns

Read strobe delay time trRsD — 40 ns 19.21, 19.22, 19.32

Read data set-up time trRDS 30 — ns 19.21, 19.22,

Read data hold time tRDH 0 — ns 19.24-19.27,19.32

Write strobe delay time 1 twspr < — 40 ns 19.22, 19.26, 19.27,
19.32, 19.33

Write strobe delay time 2 twsp2 @~ — 30 ns 19.22,19.26, 19.27,
19.32

Write strobe delay time 3 twspzs — 40 ns 19.24, 19.25

Write strobe delay time 4 twspa — 40 ns 19.24,19.25, 19.33

Write data delay time 1 twop1r < — 70 ns 19.22, 19.26, 19.27,
19.32

Write data delay time 2 twop2 @ — 40 ns 19.24, 19.25

Write data hold time twoH -10 — ns 19.22, 19.24-19.27,
19.32

Parity output delay time 1 twebp1 — 80 ns 19.22, 19.24, 19.27

Parity output delay time 2 twebDz — 40 ns 19.24,19.25

Parity output hold time twepn  —10 — ns 19.22, 19.24-19.27

RENESAS 474



Table19.8 BusTiming (3) (cont)

Conditions; Vec =3.0t055V, Veg= 0V, ¢=12.5 MHz, Ta=—20 to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products.

Item Symbol Min Max Unit Figures

Wait setup time twrs 40 — ns 19.23, 19.28, 19.32

Wait hold time twTH 10 — ns

Read data access time 1" taccy  toyc — 44 — ns  19.21,19.24,19.25

Read data access time 24 tacco  toe X(N+2)—442 —  ns  19.22,19.23, 19.26,
19.28

RAS delay time 1 trASDI — 40 ns  19.24-19.27,19.29-

RAS delay time 2 trasD2z  — 40 ns 19.31

CAS delay time 1 tcaspr  — 40 ns 19.24

CAS delay time 2 tcaspz  — 40 ns  19.26,19.27,19.29-

CAS delay time 3 tcaspz  — 40 ns 19.31

Column address setup time  tasc 0 — ns 19.24,19.25

Read data 35% duty? tcaci  teyc X0.65-35 — ns

access time from o, duty teye X0.5— 35 _ ns

CAS 1%

Read data access time from  tcaco teye X (N+1) — 3572 — ns 19.26, 19.27, 19.28

CAS 2™

Read data access time from  tgaci teye X1.5-35 — ns 19.24,19.25

RAS 1

Read data access time from  tgaco teye X (N+2.5) — 352 — ns 19.26, 19.27, 19.28

RAS 2"

High-speed page mode CAS tcp teye X0.25 — ns 19.25

precharge time

AH delay time 1 taHD1 — 40 ns 19.32

AH delay time 2 tAHD2 — 40 ns

Multiplexed address delay tMAD — 40 ns

time

Multiplexed address hold tMAH -10 — ns

time
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Table19.8 BusTiming (3) (cont)

Conditions: Vcc = 3.0t05.5V, Ve =0V, 9= 12.5 MHz, Ta=—20 to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products

Item Symbol Min Max Unit Figures

DACKO, DACK1 delay time 1 tpacp; — 40 ns  19.21, 19.22, 19.24—

DACKO, DACK1 delay time 2 tpacpy — 40 ns 19:27,19.32,19.33

DACKO, DACK1 delay time 3 tppcps — 40 ns  19.22,19.26, 19.27,

19.32

DACKO, DACK1 delay time 4 tpacpsa — 40 ns 19.24,19.25

DACKO, DACK1 delay time 5 tpacps — 40 ns

Read delay time 35% duty™ trpp — e x0.35+35 ns  19.21,19.22, 19.24-
50% duty — o X0.5+35 ns 19:28,19.32

Data setup time for CAS tps o3 — ns  19.24,19.26

CAS setup time for RAS tcsr 10 — ns 19.29-19.31

Row address hold time tRAH 100 — ns 19.24,19.26

Write command hold time twcH 15 — ns

Write command  35% duty™ tyycs 0o — ns  19.24

setup time 50% duty twes O @ — ns

Access time from CAS tacp tcyc — ns 19.25

precharge™ -20

Notes: 1. When frequency is 10 MHz or more.
2. nis the number of wait cycles.
3. -5 ns for parity output of DRAM long-pitch access
4. Itis not necessary to meet the tgpg specification as long as the access time

specification is met.
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K/ N SN
A21-A0 >§L 3§<
HBS, LBS ~ 7
_lespr Lcsaz
__\ —
CSn N 7Z
t2oD troac1™t trsp
b
RD (Read) 7[
tACCl*Z tros tRDH*S
AD15-ADO h il
DPH, DPL {
(Read) —
tbacp1 toacp2
DACKO
DACK1

Notes: 1. Fortrpacis US€ teye % 0.65 — 35 (for 35% duty) or teye % 0.5 — 35 (for 50% duty)
instead of tcyc — tRDD — tRDS'

2. For tACCll use tcyc — 44 instead of tcyc — tAD (or tCSDl) - tRDS'
3. trpn is measured from A21-A0, CSn, or RD, whichever is negated first.

Figure19.21 Basic Bus Cycle: One-State Access
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CK_/

J

A21-A0
HBS, LBS

>V
(1 N

lespr
- >

)

tesp2
<

tRDD

Yy

t *
RDAC2

v

RD (Read)

AD15-ADO
DPH, DPL
(Read)

DACKO

S

Trsp

A

TIr

tacca™
ACC2

trps

A

*
tRDH 3

N A

toacp1

A Y

ATA

tohaco2

DACK1

ped

(Read)

tWSDl

WWRH, VIRL,
WR (Write)

AD15-ADO

tWSD2

tWDDl

tWDH

(Write)

DPH, DPL

tywppD1

ﬁJ

twppH

(Write)

DACKO

thacps

toacos

T

DACK1

(Write)
Notes: 1.

50% duty) instead of teye % (n + 2) — trpp — trps-
2. Fortacco Useteye % (N +2)—44instead of teye * (N +2) —tap (O tespy) — trps:
3. tgrpn is measured from A21-A0, CSn, or RD, whichever is negated first.

For trpacas Use teye * (n + 1.65) — 35 (for 35% duty) or teye % (n + 1.5) — 35 (for
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Figure 19.22 Basic Bus Cycle: Two-State Access




e R

A21-A0 >KL «
HBS, LBS A ) X

«

N ))
¢
> troac2*? o
RD
(Read) 4; ”
s
tacc2*?

Y

AD15-ADO
DPH, DPL 2 { —
! «
(Read) 3
))
«
e X X
DACK1 D))

(Read) °

V\RH, VIRL,

WR (Write) »

AD15-ADO ¢
DPH, DPL
(Write) ¢

DACKO &
DACK1 >< ><
(Write) )

S8

—+

wts | | twTH

> > » >
«C P C > > >

WAI T —\ / /f X\

N W

twrs| | twrH

Notes: 1. Fortrpacas USE teye X (n + 1.65) — 35 (for 35% duty) or tey x (n + 1.5) — 35 (for
50% duty) instead of teyc % (n + 2) — trpp — trps:
2. Fortaccy, Use teye % (n+2) — 44 instead of teye % (N + 2) — tap (O tespy) — trps:

Figure19.23 Basic BusCycle: Two States + Wait State
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. Tp ’ T, ’ Te
tAD . taD |
A21-A0 X X | Row . |column X
tRASD1 4p«RAH > :tRASDZ
RAS N\ ,zf
< :‘tDs
. tQSC lcasp1)
“> <
CAS troo| | | RSB,/
RD(Read) - 7[—C
« WCH
WRH, WRL,
Read
( ) tpacpi | |IbacD2
DACKO A B
DACK1 X i
(Read) >
4| teact™
ACC1q . g
toopen 43 RDH
AD15-ADO < RACL :f:tRDS
DPH, DPL £
(Read)
RD(Write) fes
o twSD3le—ple——> <« twspa
WRH, WRL, \L A‘i
(Write) /
twop2 twpH
AD15-ADO < > e
(Write) g —
‘ twPpH
DPH, DPL WepD2IET =
. 4 >—
(Write) S I
tbacpa |tDACDS
DACKO
DACK1
(Write)
Notes: 1. Fortcacy, Use teye % 0.65 — 35 (for 35% duty) or te,c % 0.5 — 35 (for 50% duty)

w

instead of teyc —tap — tasc — trps:-

For taccy, Use teye — 44 instead of teye —tap — trps:

For tract, Use teye *x 1.5 - 35 instead of teye * 1.5 —trasp1 — trps-

trpy is measured from A21-A0, RAS, or CAS, whichever is negated first.
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Figure 19.24 DRAM Bus Cycle (Short Pitch, Normal Mode)




L Tp e T, Te Te L Te e Te
oK e Nl Y Y
I J0)
AZl—AO K ow address XColumn addre: sX Column address X Column address X Column addres: E(
tRASD10 led tRASDZ
RAS / X :
tasc|| ftcp
_ el
CAS Z:JR_/_\_/_'\_J \
troD i
— RSD|
Wﬂ, WRL,
WR(Read) |
t
tCACl*l ACP,
AD15-ADO ZﬂtREL tron** trou*®
— t ~ *,
3| ‘ACC1 >le
DPH, DPL tRac1” e ¢ e
(Read)
DACKO foacp1 toacoz
DACK1 = D e—
(Read)

Notes: 1. For tg,g, use t,, x 0.65 - 35 (for 35% duty) or t,,. x 0.5 — 35 (for 50% duty) instead
of tcyc —tap = tasc — tros-
It is not necessary to meet the t,,s specification as long as the t.,., specification is
met.
2. Forty,, uset, —44 instead of t. . —t,; — teps.
It is not necessary to meet the t,,¢ specification as long as the t,.., specification is
met.
3. Fortg,c, use t,, x 1.5 —35instead of t.,. X 1.5 — tgagp; — trps:
It is not necessary to meet the t,,s specification as long as the t;,., specification is
met.
tron IS measured from A21—AQ or CAS, whichever is negated first.
taon IS measured from A21—AQ, RAS, or CAS, whichever is negated first.

ok

Figure19.25 (a) DRAM Bus Cycle (Short-Pitch, High-Speed Page M ode: Read)
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Silent

Tp T, T, cycle Te
taD tAD
>
A21—A0 X Row address Cu\umnaddrsssx X Columnaddress}(
trASD1 ,|IRASD2
RAS 1
tasc
el g
CAS
RD (Write)
twsps twspa
WRH, WRL, ! T
WR (Write)
twop2 twoH
AD15-ADO ]
DPH, DPL
(Write)
twpDD2 t\‘,\,pDH
DPH, DPL > -
(Write)
tpacpa| tbacos ;[aACDS
DACKO X X
DACK1
(Write)

Figure 19.25 (b) DRAM Bus Cycle (Short-Pitch, High-Speed Page M ode: Write)

Note:
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For details of the silent cycle, see section 8.5.5, Burst Operation.




CK

A21-A0

RAS

CAS
RD(Read)

VRH, VRL,
(Read)

AD15-ADO
DPH, DPL
(Read)

DACKO
DACK1
(Read)

RD(Write)

WWRH, VIRL,
(Write)

AD15-ADO0O
(Write)

DPH, DPL
(Write)

DACKO
DACK1
(Write)
Notes: 1.
2.
3.
4.

le « e P
y: \ J \ L P
tap tAD
X X [ Row X Column X
tRASD1> < RAH :l tRASD2
N I
> 1ps
tcasD2le»] < tcasps
| CASDS
. \ J
RDD
trRDS
t CH* >
B tcacot
| taccor .
[ t RDH
< RAC2* > |\RDS «—»
2 —
tbacD2
tbaCD1e—> -
X X
twspie—> | twsp2ies
\
¢ twoH
WDDY > —>
¢ \
t twppH
WPDD1 > —
J —
bacps bACD3
X X

For tcaca, Use teye % (n+ 1) — 35 instead of tye % (N + 1) — tcasp2 — trps-
For tacco, Use teye X (N + 2) — 44 instead of tgye % (N + 2) —tap — trps.

For traco, USe teye * (N +2.5) — 35 instead of teyc % (n + 2.5) — trasp1 — tros-
trpn IS measured from A21-A0, CAS, or RAS, whichever is negated first.

Figure19.26 DRAM Bus Cycle: (Long Pitch, Normal M ode)

RENESAS 483




Tp Tr Tcl Tc2 Tcl Tc2
CK _1 AN N NS N N N
taD tAD
i I
A21-A0 X [ Row X olumn X Column X
trASD1
>
> [RASD2
RAS N
tcasp2
> ylcasps lLlcasps
CAS \
trOD | | »
RD(Read) tRsD,
WRH, V\RL,
(Read) 1
t *2 }CAC?: t *4 t *5
AD15-ADO0 ¢ 3 ACC2 RDS<_EDH RDH
DPH, DPL RAC2 : ; . '5_
(Read)
t t t t
DACKO DacD1 DACD2 | IDACD1 ibAcD2
DACK1 X X X X
(Read)
RD(Write)
twsp1 twsp2 twsp1  |twsp2
WRH, W\RL,
(Write)
twbD1 twoH [twbb1 twpH
AD15-ADO ] 2 )
(Write) 1 g 5
twppD1 tL\Af’DH twppD1 twpDH
DPH, DPL N | g )
(Write) 1 i 1
tbacps  |lbacps  |tpacps  |lbacDs
DACKO > ] > >
DACK1 X 4 A X
(Write)
Notes: 1. Fortcaca, USe teye % (n+ 1) — 35 instead of teye % (N + 1) — tcasp2 — tros:
2. Fortacco, Use teye % (n+2) — 44 instead of teye % (N + 2) —tap — trps.
3. Fortracy, Use teye % (n+2.5) —35instead of tye % (n + 2.5) — traspy — tros:
4. trpp is measured from A21-A0 or CAS, whichever is negated first.
5. tgrpn is measured from A21-A0, RAS, or CAS whichever is negated first.

Figure 19.27 DRAM Bus Cycle: (Long Pitch, High-Speed Page M ode)
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A21-A0

RAS

CAS
RD(Read)

WWRH, WRL,
(Read)

AD15-ADO0O
DPH, DPL
(Read)

DACKO
DACK1
(Read)

RD(Write)
WWRH, VIRL,
(Write)
AD15-ADO
(Write)

DPH, DPL
(Write)

DACKO
DACK1
(Write)

s L
CK m 7 \q_;zz_\_JZ \_
))
Row| X Column X
tros
\\ )
t (s 7
RDD
| X R
* ))
A\Y
t *1
CAC2
t *2
) ACC2 A
3
trac2”
¢ ——
&
X 2 X—
)
\C
2
b)) >_
S
Q
N >_
A\Y
s
X 2 X
twrs||twtH  twrs||twTH
/F'P e

VWAI T
Notes: 1.

For tCACZ! use tcyc X (n + l) — 35 instead of tcyc X (n + 1) - tCASDZ - tRDS'

2. Fortacco, Use teye % (n+2) — 44 instead of teye % (N +2) — tap — trps.
3. Fortgaco, Use teye * (N +2.5) — 35 instead of teye % (N + 2.5) — trasp1 — trps-

Figure19.28 DRAM Bus Cycle: (Long Pitch, High-Speed Page Mode + Wait State)
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trasD1 trasD2
RAS ‘ Y
CSR
tcasps
tcasp2
CAS Fi
V\RH,
VRL

Figure19.29 CAS-before-RAS Refresh (Short Pitch)

Trp Trr Tre

|

trasSD2

T

tcasps

V\RH,

Figure19.30 CAS-before-RAS Refresh (Long Pitch)
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TRp TRr TRc TRcc

ck f T\ /|

N

tRASDL trASD2
RAS \ n
esR ) tcasps
_ tcasp2
CAS ; 2
A\S

Figure19.31 Self Refresh
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J Ty L T v T3 v Ty -
cK _/ N/ \_ X /f \ A
tap
D
A21-A0 X
HBS, LBS 3
tcsps tcspa
> >
CS6
tAHD1 taHD2
AH i
trRoD tRsp
RD <« >
(Read) \
tMaD tvaH | trpAcs t
AD15-ADO T ROH
(Read) —{__ Address :}—4{ Data
(input)
tbaco1 tbacp2
DACKO > [« -
DACK1 X X
(Read)
twsp1 twsp2
VRH, V\RL, -
VR (Write)
t t t
AP i tMﬁE <V_V>D‘Dl JWDH
AD15-ADO
(Write) — Address >——i Data (output)
tbacps tbacps
DACKO g nig
DACK1 Xr >i
(Write) twTH
twrs, |
<—
VAl T /N

RENESAS 488

Figure19.32 AddressData Multiplex |/O Bus Cycle




CK

A21-A0
HBS, LBS

WWRH, V\RL,
WR (Write)

DACKO
DACK1
(Write)

>V

tCSDl tCSD2
a » a »
< > < »
—\ 7ZL—
tWSDl tWSD4
>
tDACDl tDACD2
<>

Figure 19.33 DMA Single Transfer/Single State Access Write
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19.34 DMAC Timing

Table19.9 DMAC Timing

CaseA: Ve =3.0t055V, Vgg= 0V, Ta= 20 to +75°C*
CaseB: Ve = 5.0V +£10%, Vg = 0V, Ta= —20 to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products.

Case A Case B
12.5 MHz 16.6 MHz 20 MHz
Item Symbol Min Max Min Max Min Max Unit Figure
DREQO, DREQL1 setup time toros 80 — 0 — 27 — ns 19.34
DREQO, DREQl hold time tDRQH 30 — 30 — 30 — ns
DREQO, DREQL low level width  tprow 1.5 — 15 — 15 — teye  19.35
oK /N S\
Joros
DREQO, DREQL \‘ >
level =
tbrQs | | IDROH
< > >

DREQD, DREQL \
edge |
tbrOS
DREQD, DREQL /L
level release

Figure19.34 DREQO, DREQL1 Input Timing (1)

o« /N TN\

))
DREQOD, DREQL W
edge 2
tbrOW
«———

Figure19.35 DREQO, DREQL1 Input Timing (2)
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19.35 16-bit Integrated Timer Pulse Unit Timing

Table 19.10 16-bit Integrated Timer Pulse Unit Timing

CaseA: Ve =3.0t055V, Vg =0V, Ta=-20t0 +75°C*

CaseB: Ve =50V £10%, Vgs =0V, Ta=-20to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products.

Case A Case B

12.5 MHz 16.6 MHz 20 MHz
Item Symbol Min Max Min Max Min Max Unit Figure
Output compare delay time ttocp — 100 — 100 — 100 ns 19.36
Input capture setup time t1ics 50 — 45 — 35 — ns
Timer clock input setup time  trcks 50 — 50 — 50 — ns 19.37
Timer clock pulse width treckwn, 15 — 15 — 15 — teye
(single edge)
Timer clock pulse width treckwHe 25 2 — 25 — 25 — teye

(both edges)

CK

Output
compare*!

Output
capture*2

Notes: 1.
2.

trocp

WA

trics [

TIOCAO-TIOCA4, TIOCBO-TIOCB4, TOCXA4, TOCXB4
TIOCAO-TIOCA4, TIOCBO-TIOCB4

Figure19.36 ITU Input/Output Timing
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o/ N\

TCLKA-
TCLKD

trcks trcks

—~

—~~

trekwL trekwH
N >

A
y

Figure 19.37 1TU Clock Input Timing
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19.3.6  Programmable Timing Pattern Controller and 1/0O Port Timing
Table19.11 Programmable Timing Pattern Controller and 1/0O Port Timing

CaseA: Ve =3.0t055V, Ve =0V, @=12.5 MHz, Ta= —20 to +75°C*
CaseB: Ve = 5.0V £10%, Vg =0V, @ = 16.6 MHz, Ta= —20 to +75°C*
Case C: Ve = 5.0V £10%, Vg = 0V, = 20 MHz, Ta=—20 to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products.

Cases A,Band C

Iltem Symbol Min Max Unit  Figure
Port output delay time tpwp — 100 ns 19.38
Port input hold time tpRH 50 — ns
Port input setup time tprs 50 — ns
T T T3
«——»
CK
tprs | |tPRH
Ports A, B
(read)
tPwD
Ports A, B

(write)

Figure 19.38 Programmable Timing Pattern Controller Output Timing
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19.3.7 Watchdog Timer Timing
Table 19.12 Watchdog Timer Timing

CaseA: Ve =3.0t055V, Vgs=0V, =125V, Ta= 20 to +75°C*
CaseB: Ve = 5.0V +10%, Vs =0V, ¢= 16.6 MHz, Ta=-20to +75°C*
Case C: Ve = 5.0V £10%, Vs = 0V, 9= 20 MHz, Ta=—20to +75°C*

*: Normal products. Ta=-40 to +85°C for wide-temperature range products.

Cases A,Band C

Item Symbol Min Max Unit  Figure
WDTOVF delay time twovp — 100 ns 20.39
CK
twovp twovp
WDTOVF

))
«

Figure19.39 Watchdog Timer Output Timing
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19.3.8  Serial Communications Interface Timing
Table 19.13 Serial Communications I nterface Timing

CaseA: Ve =3.0t055V, Ve =0V, @=12.5 MHz, Ta= —20 to +75°C*
CaseB: Ve = 5.0V £10%, Vg =0V, @ = 16.6 MHz, Ta= —20 to +75°C*
Case C: Ve = 5.0V £10%, Vg = 0V, = 20 MHz, Ta=—20 to +75°C*

*: Normal products: Ta=-40 to +85°C for wide-temperature range products.

Cases A,Band C

Item Symbol Min Max Unit  Figure
Input clock cycle tseye 4 — teye 19.40
Input clock cycle (clocked synchronization)  tscyc 6 — teye

Input clock pulse width tsckw 0.4 0.6 tseye

Input clock rise time tsckr — 15 teye

Input clock fall time tsck — 15 teye
Transmission data delay time (clocked ttxp — 100 ns 19.41

synchronization)

Receive data setup time (clocked trxs 100 — ns
synchronization)

Receive data hold time (clocked tRxH 100 — ns
synchronization)

tsckw tsckr tsckf

SCKO, SCK1

Figure19.40 Input Clock Timing
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SCKO, SCK1 / \

TxDO, TxD1
(transmission
data)

RxDO, RxD1
(reception data)

trxp

tseyc

A

X

X X

t

RX

<
<

S
>

tRxH

<

»

<

|

X

X

A
-

X

X

X

Figure19.41 SCI 1/O Timing (Clocked Synchronization Mode)
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19.3.9 AC Characteristics Measurement Conditions

loL

L_SI Device under
output pin test output
;[ C. Vref
lon

C, is set as follows for each pin.

30pF: CK, CASH, CASL, CS0-CS7, BREQ, BACK, AH, IRQOUT, RAS, DACKO, DACK1
50pF: A21-A0, AD15-AD0, DPH, DPL, RD, WRH, WRL, HBS, LBS, WR

70pF: All port outputs and peripheral module output pins other than the above.

oL and gy values are as shown in section 19.2, DC Characteristics, and table 19.3, Permitted
Output Current Values.

Figure19.42 Output Load Circuit
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19.4  Usage Note

The ZTAT version and the mask ROM version satisfy the electrical properties given in this
document. However, effective values of the electrical properties, the operating margin, and the
noise margin may differ with the manufacturing processes, on-chip ROM, and layout patterns.
When conducting a system evaluation test using the ZTAT version, conduct asimilar evaluation
test of the mask ROM version before it replacesthe ZTAT version.
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