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Architectural Overview

Zilog’s ZLP12840 one-time-programmable (OTP) MCU is a member of the Crimzon®
family of infrared microcontrollers. It provides a directly-compatible code upgrade path to
other Crimzon MCUs, offers a robust learning function, and features up to 128 KB OTP
read-only memory (ROM) and 1004 bytes of general-purpose random access memory
(RAM). Two timers allow the generation of complex signals while performing other
counting operations. A UART allows the ZLP12840 MCU to be a Slave/Master database
chip. When the UART is not in use, the Baud Rate Generator can be used as a third timer.
Enhanced Stop Mode Recovery (SMR) features allow the ZLP12840 MCU to awaken
from STOP mode on any change of logic, and on any combination of the 12 SMR inputs.
The SMR source can also be used as an interrupt source.

Many high-end remote control units offer a learning function. Simply stated, a learning
function allows a replacement remote unit to learn most infrared signals from the original
remote unit and regenerate the signal. However, the amplifying circuits of many learning
remotes are expensive, are not tuned well. ZLP12840 MCU is the first chip dedicated to
solve this problem because it offers a built-in tuned amplification circuit in a wide range of
positions and battery voltages. The only external component required is a photodiode.

The ZLP12840 MCU greatly reduces system cost, yet improves learning function
reliability. With all new features, the ZLP12840 MCU is excellent for infrared remote
control and other MCU applications.

Features

PS024410-0108

Table 1 lists the memory, input/output (I/0), and power features of the ZLP12840 one-
time-programmable microcontroller.

Table 1. ZLP12840 OTP MCU Features

Voltage
Device OTP ROM (KB) RAM* (Bytes) I/O Lines Range
ZLP12840 MCU 32, 64, 96, 128 1004 24 or 16 2.0-3.6V

*General-purpose registers implemented as random access memory.

The ZLP12840 MCU supports 20 interrupt sources with 6 interrupt vectors that are listed
below:

® Two from T8, T16 time-out and capture

® Three from UART Tx, UART Rx, UART BRG

PRELIMINARY Architectural Overview
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One from LVD

14 from SMR source P20-P27, P30-P33, P00, P07
— Any change of logic from P20-P27, P30-P33 can generate an interrupt or SMR

Additional features include:

IR learning amplifier
Low power consumption—11 mW (typical)

Three standby modes:

—  STOP—2 pA (typical)

— HALT—0.8 mA (typical)

— Low-Voltage Reset

Intelligent counter/timer architecture to automate generation or reception and
demodulation of complex waveform and pulsed signals:

— One programmable 8-bit counter/timer with two capture registers and two load
registers

One programmable 16-bit counter/timer with one 16-bit capture register pair and
one 16-bit load register pair

Programmable input glitch filter for pulse reception

The UART baud rate generator can be used as another 8-bit timer when the UART
is not in use

Six priority interrupts
— Three external/UART interrupts
— Two assigned to counter/timers

— One low-voltage detection interrupt

8-bit UART

— Ry, Tx interrupts

4800, 9600, 19200 and 38400 baud rates
Parity Odd/Even/None

—  Stop bits 1/2

Low-Voltage Detection and High-Voltage Detection Flags
Programmable Watchdog Timer/Power-On Reset circuits

Two on-board analog comparators with independent reference voltages and
programmable interrupt polarity

One-time programmable EPROM option bits (ON/OFF)
— Port 0 pins 0-3 pull-up transistors
— Port 0 pins 4—7 pull-up transistors

PRELIMINARY Architectural Overview
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— Port 2 pins 0-7 pull-up transistors
— EPROM Protection
— Watchdog timer enabled at Power-On Reset

) Note: All signals with an overline, “ ”, are active Low. For example, B/W, in which WORD is
active Low, and B/W, in which BYTE is active Low.

Power connections use the conventional descriptions listed in Table 2.

Table 2. Power Connections

Connection Circuit Device
Power VCC VDD
Ground GND Vss

Functional Block Diagram

Figure 1 displays the functional blocks of the ZLP12840 microcontroller.

" Poo

\Y/
PO1 <I> Power VDD
P02 ss
P03 Internal
1/0 Nibble Port 0 \'/'_— Address Bus >
«—

Programmable P04 Machine

Timing
and
Instruction

7 Bus Contrd

Z8 LXM oTP
coe KT uptotzskxs
Internal Data

P05
P06
P07

P20
P21
P22
1/0 Bit P23
Programmable ™ | P24
P25
P26
P27

Register/Peripheral Bus

| !

Register File Register File IR Learning Counter/Timers
Banks 0-3 Banks D & F Amplifier 8-Bit/16-bit
4x256x8 2x16x8

Port 2

7T

P30/PRef1
P31

P32
P33
P34
P35
P36
P37

Port 3 -

D |

Watchdog UART and
Timer BRG Timer

Pt 1 8

High/Low Power-On

2 Comparators Voltage Detect Reset

Figure 1. ZLP12840 MCU Functional Block Diagram
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Pin Description

Figure 2 displays the pin configuration of the ZLP12840 device in the 20-pin PDIP, SOIC,

and SSOP packages.
N\

> P25 4 1 20 B P24 <>
-«—>» P2602 19 g P23 >
-<«—>» P27 03 18 | P22 -
<«——>» P07 4 20-Pin 17 | P21 e

Vpp 5 o 16 |3 P20 -
<«—— XTAL2 ] 6 SSOP 15 A Vgg
—» XTAL1 O 7 14 B PO1 e ey
—>» P31 8 13 | P00/Pref1/P30 <€—>»
—» P3209 12 B P36 —_—
—>» P33 410 11 g P34 s

Figure 2. ZLP12840 MCU 20-Pin PDIP/SOIC/SSOP Pin Configuration
Table 3 describes the functions and signal directions of each pin within the 20-pin PDIP,
SOIC, and SSOP packages sequentially by pin.

Table 3. ZLP12840 MCU 20-Pin PDIP/SOIC/SSOP Sequential Pin
Identification

PS024410-0108

Pin No Symbol Function Direction

1 P25 Port 2, bit 5 Input/Output
2 P26 Port 2, bit 6 Input/Output
3 P27 Port 2, bit 7 Input/Output
4 P07 Port 0, bit 7 Input/Output
5 Vpp Power Supply

6 XTAL2 Crystal oscillator Output

7 XTALA Crystal oscillator Input

8 P31 Port 3, bit 1 Input

9 P32 Port 3, bit 2 Input

10 P33 Port 3, bit 3 Input

11 P34 Port 3, bit 4 Output

12 P36 Port 3, bit 6 Output

PRELIMINARY

Pin Description



PS024410-0108

Table 3. ZLP12840 MCU 20-Pin PDIP/SOIC/SSOP Sequential Pin
Identification (Continued)

Pin No Symbol Function Direction
131 P00 Port 0, bit 0 Input/Output
P30 Port 3, bit 0 Input

14 PO1 Port 0, bit 1 Input/Output
15 Vgg Ground

16 P20 Port 2, bit 0 Input/Output
17 P21 Port 2, bit 1 Input/Output
18 P22 Port 2, bit 2 Input/Output
19 P23 Port 2, bit 3 Input/Output
20 P24 Port 2, bit 4 Input/Output

TWhen the Port 0 high-nibble pull-up option is enabled and the P30 input is
Low, current flows through the pull-up to Ground.

PRELIMINARY
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Table 4 describes the functions and signal direction of each pin within the 20-pin PDIP,
SOIC, and SSOP packages by function.

Table 4. ZLP12840 MCU 20-Pin PDIP/SOIC/SSOP Functional Pin

Identification

Pin No Symbol Function Direction

131 P00 Port 0, bit 0 Input/Output
P30 Port 3, bit 0 Input

14 P01 Port 0, bit 1 Input/Output

4 P07 Port 0, bit 7 Input/Output

16 P20 Port 2, bit 0 Input/Output

17 P21 Port 2, bit 1 Input/Output

18 P22 Port 2, bit 2 Input/Output

19 P23 Port 2, bit 3 Input/Output

20 P24 Port 2, bit 4 Input/Output

1 P25 Port 2, bit 5 Input/Output

2 P26 Port 2, bit 6 Input/Output

3 P27 Port 2, bit 7 Input/Output

8 P31 Port 3, bit 1 Input

9 P32 Port 3, bit 2 Input

10 P33 Port 3, bit 3 Input

11 P34 Port 3, bit 4 Output

12 P36 Port 3, bit 6 Output

5 Vop Power Supply

15 Vss Ground

7 XTALA1 Crystal oscillator Input

6 XTAL2 Crystal oscillator Output

TWhen the Port 0 high-nibble pull-up option is enabled and the P30 input is Low, current flows
through the pull-up to Ground.

PS024410-0108
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Figure 3 displays the pin configuration of the ZLP12840 device in the 28-pin PDIP, SOIC,

and SSOP packages.
_/

- pP250 1 28 A P24 -
> P26 2 27 A P23 -
e p27d0 3 26 A P22 >
- P04 4 25 A P21 -
<> P050 5 24 AP20 -
- Po6 6 28-Pin 23 [APO3 >
<« PO7O7 PDIP 22 AVgg

Vppd 8 SOIC 51 kpo2 -
-«—— XTAL2O 9 SSOP 20 B PO1 -
—>» XTAL1O 10 19 A POO e
—> P31 11 18 A Pref1/P30 w«———
— > P32 12 17 A P36 o
— > P33 13 16 A P37 —_— >
- P34 14 15 @A P35 —

Figure 3. ZLP12840 MCU 28-Pin PDIP/SOIC/SSOP Pin Configuration
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Table 5 describes the functions and signal directions of each pin within the 28-pin PDIP,
SOIC, and SSOP packages sequentially by pin.

Table 5. ZLP12840 MCU 28-Pin PDIP/SOIC/SSOP Sequential Pin
Identification

PS024410-0108

Pin Symbol Function Direction
1 P25 Port 2, bit 5 Input/Output
2 P26 Port 2, bit 6 Input/Output
3 P27 Port 2, bit 7 Input/Output
4 P04 Port 0, bit 4 Input/Output
5 P05 Port 0, bit 5 Input/Output
6 P06 Port 0, bit 6 Input/Output
7 P07 Port 0, bit 7 Input/Output
8 Vbp Power supply
9 XTAL2 Crystal oscillator Output
10 XTAL1 Crystal oscillator Input
11 P31 Port 3, bit 1 Input
12 P32 Port 3, bit 2 Input
13 P33 Port 3, bit 3 Input
14 P34 Port 3, bit 4 Output
15 P35 Port 3, bit 5 Output
16 P37 Port 3, bit 7 Output
17 P36 Port 3, bit 6 Output
18 P30 Port 3, bit 0; connect to V¢ if  Input

not used
19 P00 Port 0, bit 0 Input/Output
20 P01 Port 0, bit 1 Input/Output
21 P02 Port 0, bit 2 Input/Output
22 Vss Ground
23 P03 Port 0, bit 3 Input/Output
24 P20 Port 2, bit 0 Input/Output
25 P21 Port 2, bit 1 Input/Output
26 P22 Port 2, bit 2 Input/Output
27 P23 Port 2, bit 3 Input/Output
28 P24 Port 2, bit 4 Input/Output

PRELIMINARY
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Table 6 describes the functions and signal directions of each pin within the 28-pin PDIP,

SOIC, and SSOP packages by function.

Table 6. ZLP12840 MCU 28-Pin PDIP/SOIC/SSOP Functional Pin

Identification

Pin Symbol Function Direction
19 P00 Port 0, bit 0 Input/Output
20 P01 Port 0, bit 1 Input/Output
21 P02 Port 0, bit 2 Input/Output
23 P03 Port 0, bit 3 Input/Output
4 P04 Port 0, bit 4 Input/Output
5 P05 Port 0, bit 5 Input/Output
6 P06 Port 0, bit 6 Input/Output
7 PO7 Port 0, bit 7 Input/Output
24 P20 Port 2, bit 0 Input/Output
25 P21 Port 2, bit 1 Input/Output
26 P22 Port 2, bit 2 Input/Output
27 P23 Port 2, bit 3 Input/Output
28 P24 Port 2, bit 4 Input/Output
P25 Port 2, bit 5 Input/Output
P26 Port 2, bit 6 Input/Output
P27 Port 2, bit 7 Input/Output
18 P30 Port 3, bit 0; connect to V¢ if  Input
not used
11 P31 Port 3, bit 1 Input
12 P32 Port 3, bit 2 Input
13 P33 Port 3, bit 3 Input
14 P34 Port 3, bit 4 Output
15 P35 Port 3, bit 5 Output
17 P36 Port 3, bit 6 Output
16 P37 Port 3, bit 7 Output
8 Vpp Power supply
22 Vss Ground
10 XTALA Crystal oscillator Input
9 XTAL2 Crystal oscillator Output

PS024410-0108 PRELIMINARY Pin Description
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} Note:

The ZLP12840 MCU features three 8-bit ports, which are described below.

® Port 0 is nibble-programmable as either input or output

® Port 2 is bit-programmable as either input or output

® Port 3 features four inputs on the lower nibble and four outputs on the upper nibble

Port 0 and 2 internal pull-ups are disabled on any pin or group of pins when programmed
into output mode.

A Caution: The CMOS input buffer for each port 0 or 2 pin is always connected to the pin, even

PS024410-0108

when the pin is configured as an output. If the pin is configured as an open-drain output
and no external signal is applied, a High output state can cause the CMOS input buffer
to float. This might lead to excessive leakage current of more than 100 uA. To prevent
this leakage, connect the pin to an external signal with a defined logic level or ensure
its output state is Low, especially during STOP mode.

Port 0, 1, and 2 have both input and output capability. The input logic is always present
no matter whether the port is configured as input or output. When doing a READ in-
struction, the MCU reads the actual value at the input logic but not from the output buff-
er. In addition, the instructions of OR, AND, and XOR have the Read-Modify-Write
sequence. The MCU first reads the port, and then modifies the value and load back to
the port.

Precaution must be taken if the port is configured as open-drain output or if the port is
driving any circuit that makes the voltage different from the desired output logic. For
example, pins PO0—-P07 are not connected to anything else. If it is configured as open-
drain output with output logic as ONE, it is a floating port and reads back as ZERO. The
following instruction sets PO0-P07 all Low.

AND PO, #%-0

Table 7 summarizes the registers used to control I/O ports. Some port pin functions can
also be affected by control registers for other peripheral functions.

PRELIMINARY 1/0 Port Pin Functions
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Table 7. I/0 Port Control Registers

Address (Hex)

12-Bit Bank 8-Bit Register Description Mnemonic Reset :’lzge
000 0-3 00 Port0 PO XXh 21
002 0-3 02 Port2 P2 XXh 23
003 0-3 03 Port3 P3 0Xh 25
OF6 Al F6  Port2 Mode Register P2M FFh 22
OF7 Al F7  Port 3 Mode Register P3M XXXX_X000b24

OF8 Al F8 Port 0 Mode Register P01M X1 XX_XXX1b20

FOO F 00 Port Configuration PCON XXXX_X1X0b20
Register

Port 0 is an 8-bit, bidirectional, CMOS-compatible port. Its eight I/O lines are configured
under software control to create a nibble I/O port. The output drivers are push/pull or
open-drain, controlled by bit 2 of the PCON register.

If one or both nibbles are required for I/O operation, they must be configured by writing to
the Port 0 Mode Register (PO1M). After a hardware reset or a Stop Mode Recovery, Port 0
is configured as an input port.

Port 0, bit 7 is used as the transmit output of the UART when UART Tx is enabled.The I/O
function of Port 0, bit 7 is overridden by the UART serial output (TxD) when UART Tx is
enabled (UCTL[7] = 1). The pin must be configured as an output for TxD data to reach the
pin (POM[6] = 0).

An optional pull-up transistor is available as an OTP option on all Port 0 bits with nibble
select. For information on configuration, see Figure 4 on page 13.

PRELIMINARY 1/0 Port Pin Functions
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ZLP12840 : : |
Open-Drain T Vee
_ Resistive Pull-Up
/o '_.E_ Transistor
(OTP Option)
Pad
Out
| )

In /I
Figure 4. Port 0 Configuration

Port 2

Port 2 is an 8-bit, bidirectional, CMOS-compatible I/O port. Its eight I/O lines can be
independently configured under software control as inputs or outputs. Port 2 is always
available for I/O operation. An EPROM option bit is available to connect eight pull-up
transistors on this port. Bits programmed as outputs are globally programmed as either
push/pull or open-drain. The Power-On Reset function resets with the eight bits of Port 2
[P27:20] configured as inputs.

Port 2 also has an 8-bit input OR and AND gate and edge detection circuitry, which can be
used to wake up the part. P20 can be programmed to access the edge-detection circuitry in
DEMODULATION mode. For information on configuration, see Figure 5 on page 14.

PS024410-0108 PRELIMINARY I/0 Port Pin Functions
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ZLP12840 < >

Open-Drain Vee

_ Resistive Pull-Up
/0 '_.Er Transistor
(OTP Option)

Pad

Out )

In /]
Figure 5. Port 2 Configuration

Port 3

Port 3 is a 8-bit, CMOS-compatible fixed I/O port. Port 3 consists of four fixed inputs
(P33:P30) and four fixed outputs (P37:P34). P30, P31, P32, and P33 are standard CMOS
inputs, and can be configured under software control as interrupts, as receive data input to
the UART block, as input to comparator circuits, or as input to the IR learning AMP. P34,
P35, P36, and P37 are push/pull outputs, and can be configured as outputs from the
counter/timers. For information on configuration, see Figure 6 on page 15.

PS024410-0108 PRELIMINARY I/0 Port Pin Functions
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ZLP12840
OTP MCU

<—— P30
~—— P31
~—— P32
~—— P33

> P34
——> P35
> P36
——> P37

Port 3 (1/0)

P3M Register, OF7h

|D2|D

1| | 1 = Analog; IR Amp On
0 = Digital; IR Amp Off

Digital

D1

P31 (AN1)

P30 (Prer1)

PS024410-0108

Comp1

P31 —

+

lkee — 1L~ IR1

|

Learning Amplifier

Y

Y

Comp2

From Stop-Mode

Recovery Source of SMR

/

o |RQ2, P31 Data Latch

—

|
|
|
|
|
Y
N~ IRQ1, P33 Data Latch

|
\_c\‘\o—o IRQO, P32 Data Latch

Figure 6. Port 3 Configuration

P31 can be used as an interrupt, analog comparator input, infrared learning amplifier
input, normal digital input pin and as a Stop Mode Recovery source. When bit 2 of the
Port 3 Mode Register (P3M) is set, P31 is used as the infrared learning amplifier, IR1. The
reference source for IR1 is GND. The infrared learning amplifier is disabled during STOP
mode. When bit 1 of P3M is set, the part is in ANALOG mode and the analog comparator,
COMP1 is used. The reference voltage for COMP1 is P30 (Prgg;). When in ANALOG
mode, P30 cannot be read as a digital input when the CPU reads bit 0 of the Port 3

PRELIMINARY 1/0 Port Pin Functions
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Register; such reads always return a value of 1. Also, when in ANALOG mode, P31
cannot be used as a Stop Mode Recovery source because in STOP mode, the comparator is
disabled, and its output will not toggle. The programming of Bit 2 of the P3M register
takes precedence over the programming of Bit 1 in determining the function of P31. If
both bits are set, P31 functions as an IR learning amplifier instead of an analog
comparator. The output of the function selected for P31 can be used as a source for IRQ2
interrupt assertion (see Figure 6 on page 15). The IRQ2 interrupt can be configured to be
based upon detecting a rising, falling, or edge-triggered input change using bit 6 and bit 7
of the IRQ register. The P31 output stage signal also goes to the Counter/Timer edge
detection circuitry similar to P20.

P32 can be used as an interrupt, analog comparator, UART receiver, normal digital input
and as a Stop Mode Recovery source. When bit 6 of UCTL is set, P32 functions as a
receive input for the UART. When bit 1 of the P3M Register is set, thereby placing the part
into ANALOG mode, P32 functions as an analog comparator, Comp2. The reference
voltage for Comp?2 is P33 (Prgp2). P32 can be used as a rising, falling or edge-triggered
interrupt, IRQO, using IRQ register bits 6 and 7. If UART receiver interrupts are not
enabled, the UART receive interrupt is used as the source of interrupts for IRQO instead of
P32. When in ANALOG mode P32 cannot be used as a Stop Mode Recovery source
because the comparators are turned OFF in STOP mode.

When in ANALOG mode, P33 cannot be read through bit 3 of the Port 3 Register as a
digital input by the CPU. In this case, a read of bit 3 of the Port 3 Register indicates
whether a Stop Mode Recovery condition exists. Reading a value of 0 indicates that a Stop
Mode Recovery condition does exist; if the ZLP12840 MCU is presently in STOP mode,
it will exit STOP mode. Reading a value of 1 indicates that no condition exists to remove
the ZLP12840 from STOP mode. Additionally, when in ANALOG mode, P33 cannot be
used as an interrupt source. Instead, the existence of a Stop Mode Recovery condition can
generate an interrupt, if enabled. P33 can be used as a falling-edge interrupt, IRQ1, when
not in ANALOG mode. IRQ1 is also used as the UART Ty interrupt and the UART BRG
interrupt. Only one source is active at a time. If bits 7 and 5 of UCTL are set to 1, IRQ1
will transmit an interrupt when the Transmit Shift Register is empty. If bits 0 and 5 of
UCTL are set to 1 and bit 6 of UCTL is cleared to 0, the BRG interrupts will activate
IRQI.

Comparators and the IR amplifier are powered down by entering STOP mode. For
P30:P33 to be used as a Stop Mode Recovery source during STOP mode, these inputs
must be placed into DIGITAL mode. When in ANALOG mode, do not configure any Port 3
input as a Stop Mode Recovery source. The configuration of these inputs must be re-ini-
tialized after Stop Mode Recovery or Power-On Reset.

PRELIMINARY 1/0 Port Pin Functions
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Table 8. Summary of Port 3 Pin Functions

Pin 110 Counter/Timers Comparator Interrupt IRAMP UART

P30 IN REF1

P31 IN IN AN1 IRQ2 IR1

P32 IN AN2 IRQO UART Rx
P33 IN REF2 IRQ1

P34 OUT T8 AO1 IROUT

P35 OUT T16
P36 OUT T8/T16
P37 OUT AO2

Port 3 also provides output for each of the counter/timers and the AND/OR Logic (see
Figure 7). Control is performed by programming CTR1 bits 5 and 4, CTRO bit 0, and
CTR2 bit 0.
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CTRO, bit 0
PCON, bit 0
P34 Data V
MUX | bp
T8 Out
MUX jo—4 o
Pad
P34
P31 —
1 CTR2, bit 0
l Vbp
P30 P35 Data
MUX p—
T16_Out Pad
P35
CTR1, bit 6
| Yoo
P36 Data
MUX p——
T8/16_Out Pad
|
/77
PCON, bit 0
| Yoo
P37 Data
P3M D1 MUX o—q»—{ o
P32 1
P32
P33 Comp2
/7

-
Figure 7. Port 3 Counter/Timer Output Configuration
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Comparator Inputs

} Note:

In ANALOG mode, P31 and P32 have a comparator front end. The comparator reference
is supplied by P33 and Prgp;. In this mode, the P33 internal data latch and its correspond-
ing IRQ1 are diverted to the Stop Mode Recovery sources (excluding P31, P32, and P33)
as displayed in Figure 6 on page 15. In DIGITAL mode, P33 is used as bit 3 of the Port 3
input register, which then generates IRQI.

Comparators are powered down by entering STOP mode. For P30:P33 to be used as a
Stop Mode Recovery source, these inputs must be placed into DIGITAL mode.

Comparator Outputs

The comparators can be programmed to be output on P34 and P37 by setting bit 0 of the
PCON Register.

Port Configuration Register (PCON)

The Port Configuration (PCON) register (Table 9), configures the Port 0 output mode and
the comparator output on Port 3. The PCON register is located in expanded register Bank
F, address 00h.

Table 9. Port Configuration Register (PCON)

Bit 7 6 5 4 |3 |2 1 0

Field Reserved Port 0 Output Mode Reserved | Comp./IR Amp. Output Port 3
Reset X| X | X | X | X 1 X 0

R/W — W — W

Address Bank F: 00h; Linear: FOOh

Bit

Position Value Description

[7:3] —  Reserved—Writes have no effect; reads 11111b.

(2]

Port 0 Output Mode—Controls the output mode of port 0. Write only; reads return 1.
Open-drain
Push/pull

(1]

Reserved—Writes have no effect; reads 1.

[0]

Comparator or IR Amplifier Output Port 3—Select digital outputs or comparator and
IR amplifier outputs on P34 and P37. Write only; reads return 1.

P34 and P37 outputs are digital.

P34 is Comparator 1 or IR Amplifier output, P37 is Comparator 2 output.

PS024410-0108
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This register is not reset after a SMR.

The Port 0 Mode Register determines the I/O direction of Port 0. The Port 0 direction is
nibble-programmable. Bit 6 controls the upper nibble of Port 0, bits [7:3]. Bit 0 controls
the lower nibble of Port 0, bits [3:0] (Table 10).

Table 10. Port 0 Mode Register (P01M)

Bit 7 6 5 4 3 2 1 0
Field Reserved P07:P04 Mode Reserved P03:P00 Mode
Reset X 1 X X X X X 1
R/IW — w — — — — — w
Address Bank Independent: F8h; Linear: OF8h
Bit
Position Value Description
7 0 Reserved—Writes have no effect. Reads 1b.
[6] P07:P04 Mode

0 Output.

1 Input.
[5:1] —  Reserved—Writes have no effect. Reads 11111b.
[0] P00:P03 Mode

0 Output.

1 Input.

) Note:  Only P00, P01, and P07 are available on ZLP12840 MCU 20-pin configurations.

PS024410-0108
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The Port 0 Register allows read and write access to the Port 0 pins (Table 11).

Bit 7 6 5 4 3 2 1 0
Field P07 P06 P05 P04 P03 P02 PO1 P00
Reset X X X X X X X X
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank 0-3: 00h; Linear: 000h
Bit
Position R/W  Description
[7] Port 0 Pin 7—Available for I/O if UART Tx is disabled.
Read (Pin configured as input or output in PO1M register).
0 Pin level is Low.
1 Pin level is High.
Write (Pin configured as output in PO1M register, UCTL[7]=0).
0  Assert pin Low.
1 Assert pin High if configured as push-pull; make pin high-impedance if it is open-drain.
[6:0] Port 0 Pins 6—0—Each bit provides access to the corresponding Port 0 pin.
Read (Pin configured as input or output in PO1M register).
1 Pin level is Low.
Write Pin level is High.
0  (Pin configured as output in PO1M register).
1 Assert pin Low.
Assert pin High if configured as push-pull; make pin high-impedance if it is open-drain.
) Note: Only P00, P01, and P07 are available on ZLP12840 MCU 20-pin configurations.
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Port 2 Mode Register

The Port 2 Mode Register determines the I/O direction of each bit on Port 2. Bit 0 of the
Port 3 Mode Register determines whether the output drive is push/pull or open-drain
(Table 12).

Table 12. Port 2 Mode Register (P2M)

Bit 7 6 5 4 3 2 1 0

Field P27 'I/-O P2§ .I/'O P2§ .I/'O Pg4 .I/'O P2§ .I/'O P22 .I/'O P2'1 'I/'O PZQ .I/.O
Definition | Definition | Definition | Definition | Definition | Definition | Definition | Definition

Reset 1 1 1 1 1 1 1 1

R/IW R/W R/W R/W R/W R/W R/W R/W R/W

Address Bank Independent: F6h; Linear: OF6h

Bit

Position Value Description

[7]

Defines P27 as output.
Defines P27 as input.

[6] Defines P26 as output.

Defines P26 as input.

[5] Defines P25 as output.

Defines P25 as input.

[4] Defines P24 as output.

Defines P24 as input.

[3] Defines P23 as output.

Defines P23 as input.

[2] Defines P22 as output.

Defines P22 as input.

[1] Defines P21 as output.

Defines P21 as input.

[0] Defines P20 as output.

Defines P20 as input.

O O PO O ~O|~O|~O| ~0O

} Note: This register is not reset after a SMR.
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The Port 2 Register allows read and write access to the Port 2 pins (Table 13).

Bit 7 6 5 4 3 2 1 0
Field P27 P26 P25 P24 P23 P22 P21 P20
Reset X X X X X X X X
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank 0-3: 02h; Linear: 002h

Bit

Position Value Description

[7:0] Port 2 Pins 7-0—Each bit provides access to the corresponding Port 2 pin.

Read (Pin configured as input or output in P2M register).
0 Pinlevelis Low.
1 Pin level is High.
Write (Pin configured as output in P2M register).
0  Assert pin Low.
1 Assert pin High if configured as push-pull; make pin high-impedance if it is open-drain.
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Port 3 Mode Register

The Port 3 Mode Register is used primarily to configure the functionality of the Port 3
inputs. When bit 2 is set, the IR Learning Amplifier is used instead of the COMP1
comparator, regardless of the value of bit 1 (Table 14).

Table 14. Port 3 Mode Register (P3M)

Bit 7 6 5 4 3 2 1 0
Field Reserved IR Learning DIGITAL/ANALOG| Port 2 Open-
e Amplifier Mode Drain

Reset X X X X X 0 0 0
R/W — — — — — w w w
Address Bank Independent: F7h; Linear OF7h
Bit
Position R/W  Value Description
[7:3] — — Reserved—Writes have no effect. Reads return 11111b.
[2] W 0 IR Learning Amplifier disabled.

1 IR Learning Amplifier enabled with P31 configured as amplifier input.
11 w DIGITAL/ANALOG Mode

0 P30, P31, P32, P33 are digital inputs.

1 P30, P32, and P33 are comparator inputs. If P3M[2]=0, P31 is also a

comparator input. If P3M[2]=1, P31 is the IR amplifier input.

[0] W 0 Port 2 open-drain.

1 Port 2 push/pull.
} Note: This register is not reset after a SMR.

PS024410-0108
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Port 3 Register

The Port 3 Register allows read access to port pins P33 through P30 and write access to
the port pins P37 through P34 (Table 15).

Table 15. Port 3 Register (P3)
Bit 7 6 5 4 3 2 1 0
Field P37 P36 P35 P34 P33 P32 P31 P30
Reset 0 0 0 0 X X X X
R/IW R/W R/W R/W R/W R/W R/W R/W R/W
Address Banks 0-3: 03h; Linear: 003h
Bit
Position Value Description
[7] Port 3, pin 7 Output—Writes to this bit do not affect the pin state if write-only register
bit PCON[0] has been written with a 1, which configures P37 as the Comparator 1 or
Write IR Amplifier output.
0 P37 asserted Low if PCON[0]=0.
1 P37 asserted High if PCON[0]=0.
A read returns the last value written to this bit.
[6] Port 3, pin 6 Output—Writes to this bit do not affect the pin state if register bits
Write CTR1[7:6]=01, which configures P36 as the Timer 8 and Timer 16 combined logic
0  output.
1 P36 asserted Low.
P36 asserted High.
A read returns the last value written to this bit.
[5] Port 3, pin 5 Output—Writes to this bit do not affect the pin state if register bit
Write CTR2[0]=1, which configures P35 as the Timer 16 output.
0 P35 asserted Low.
1 P35 asserted High.
A read returns the last value written to this bit.
[4] Port 3, pin 4 Output—Writes to this bit do not affect the pin state if write only register bit
PCON][0]=1, which configures P34 as Comparator 2 output, or register bit CTRO[0]=1,
Write which configures P34 as Timer 8 output.
0 P34 asserted Low.

PS024410-0108

P34 asserted High.
A read returns the last value written to this bit.
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Bit

Position Value

Description

3]

Read

0
1

0
1

Port 3, pin 3 Input—Writing this bit has no effect.
If P3M[1]=0:

P33 is Low.

P33 is High.

If P3M[1]=1 or SMR4[4]=1:

SMR condition exists.

SMR condition does not exist.

(2]

Read

—_

—_

Port 3, pin 2 Input—Writing this bit has no effect.
If P3M[1]=0:

P32 input is Low.

P32 input is High.

If P3M[1]=1:

Comparator 2 output is Low.

Comparator 2 output is High.

(1]

Read

—_

—_

—_

Port 3, pin 1 Input—Writing this bit has no effect.
If P3M[2:1]=00:

P31 input is Low.

P31 input is High.

If P3M[2:1]=01:

Comparator 1 output is Low.

Comparator 1 output is High.

If P3M[2:1]=10 or 11:

IR amplifier output is Low.

IR amplifier output is High.

[0]

Read

—_

Port 3, pin 0 Input—Writing this bit has no effect.
If P3M[1]=00:

P30 input is Low.

P30 input is High.

If P3M[1]=1:

Reads as 1.

} Note:

This register is not reset after a SMR.
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Memory and Registers

The Z8 LXM CPU used in the ZLP12840 family of devices incorporates special features
to extend the available memory space while maintaining the benefits of a Z8® CPU core in
consumer and battery-operated applications.

OTP Program/Constant Memory

The ZLP12840 family of devices can address up to 128 KB of one-time programmable
(OTP) memory, used for object code (program instructions and immediate data) and
constant data (ROM tables and data constants). The amount of OTP implemented depends
on the specific device. The OTP memory space is organized in 64 KB pages with the
following characteristics.

Page 0 can contain up to 64 KB of program instructions and constant data. The first 12
bytes of Page 0 are reserved for the six available 16-bit interrupt request (IRQ) vectors.
Upon reset, program execution begins at address 000Ch in Page 0. Execution rolls over to
the bottom of Page 0 if the program counter exceeds the highest Page 0 address (FFFFh).

Page 1, if implemented, can contain up to 64 KB of data constants and tables only. Page 1
cannot contain program instructions or immediate data. Constant data in either page can
be accessed only by the Load Constant (LDC and LDCI) instructions. LDC and LDCI use
16-bit addresses to access OTP memory.

For example, if a ZLP12840 family device contains 96 KB of OTP memory, only the first
64 KB (Page 0) can contain object code; the remaining 32 KB (in Page 1) is available for
constant data. For a ZLP12840 family device with 64 KB or less of total OTP memory, all
OTP memory is available for object code or constant data.

The page accessed by LDC or LDCI depends on the value of Program Memory Page
Register bit 0 (PMPR]0]). Page 0 is accessed if PMPR[0]=0; Page 1 is accessed if
PMPR[0]=1. PMPR[7] enables the page toggle feature. For example, if PMPR[0]=0,
PMPR][7]=1, and a Load Constant and Increment (LDCI) instruction address increments
past FFFFh, the state of PMPR[0] is toggled from 0 to 1, and the next LDCI instruction
addresses 0000h on Page 1. Figure 8 on page 28 displays the Program/Constant memory
map for a 128 KB device.
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Page 0 Page 1
{0, FFFFh} |FFFFh {1, FFFFh} |FFFFh
Program
or Constants
Constants Only

000Ch (Reset)

IRQ 0-5
{0, 0000h} Vectors {1, 0000h} |0000h
0000h = 16-bit Address (In Page)
{0, 0000h} ={PMPRJ[O0], 716-bit address} (LDC, LDCI Only) Not to Scale

Figure 8. Program/Constant Memory Map (128 KB Device)

Register File

PS024410-0108

This device features 1056 bytes of register file space, organized in 256 byte banks. Bank 0
contains 237 bytes of RAM addressed as general-purpose registers, 4 port addresses (of
which one is reserved), and 16 control register addresses. Banks 1, 2, and 3 each contain
256 general-purpose register bytes. Banks D and F each contain 16 addresses for control
registers. All other banks are reserved and must not be selected.

The current bank is selected for 8-bit direct or indirect addressing by writing Register
Pointer bits RP[3:0]. In the current bank, a 16-byte working register group (addressed as
RO-R15) is selected by writing RP[7:4]. A working register operand requires only 4 bits
of program memory. There are 16 working register groups per bank. See Figure 9

on page 30 and Figure 10 on page 31.
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8-bit addresses in the range FOh—FFh (and the equivalent 4-bit addresses) are bank-
independent, meaning they always access the control registers in Bank 0, regardless of the
RP[3:0] value. Addresses in the range 00h—03h always access the Bank 0 Port registers
unless Bank D or F is selected. (Port O1h is not implemented in this device.) When Bank D
or F is selected, addresses 10h—EFh access the Bank 0 general-purpose registers.

The LDX and LDXI instructions or indirect addressing can be used to access the

Bank 1-3 registers not accessible by 8-bit or working register addresses (12-bit addresses
100h—103h, 1FOh—1FFh, 200h—203h, 2FO0h-—2FFh, 300h—303h, and 3FOh—3FFh). See
Linear Memory Addressing on page 32.

Stack

PS024410-0108

The Stack Pointer register (SPL) is Bank 0 register FFh. Operations that use the stack
pointer always addresses Bank 0, regardless of the RP[3:0] setting. For details on stack,
refer to Z8 LXM CPU Core User Manual (UM0183).

This device does not use a stack pointer high byte. Bank 0 register FEh can be used to
store user data, see User Data Register on page 36.
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Banks 1-3 | CpU Control
FOh-FFh
CPU Control
Bank 0 FOh-FFh Bank D Bank F
CPU Control CPU Control CPU Control CPU Control
FOh—FFh FOh-FFh FOh-FFh FOh-FFh
Bank 0 Bank 0
General General General
Purpose Purpose Purpose
General Registers Registers Registers
Purpose 04h—EFh 10h—EFh 10h—EFh
Registers
04h-EFh
— Peripheral Peripheral
Control Control
Ports 00h—03h Ports 00h—03h 00h—0Fh 00h—0Fh
= Bank-Independent Address (Always Accesses Bank 0)
Not to Scale

* Compiler’s default interrupt service routine working registers.

Figure 9. Register File 8-Bit Banked Address Map
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Active Group  Active Bank

R7 R6 R5 R4 | R3 R2 R1 RO | Register Pointer (RP), OFDh
The upper nibble of the register file address
O——> provided by the register pointer specifies
the active working register group.

FF
—> Register Group F

FO °

EF
—

EO

DF
—>

Do
! I . I
| .
| 1 . 1

4F
—>

40 The lower nibble of the register
N SF Specified Working -} file address provided by the

Register Group instruction points to the specified
:'8 register
> Register Group 2

20

1F ]
> 10 Register Group 1 — R15to RO

OF .

Register Group 0 — R15 to R4*
et i p—
I/0 Ports (Banks 0-3 Only) — R3to RO*
00 —

* RP = 00: selects Register Bank 0, Working Register Group 0

Figure 10. Register Pointer—Detail

Register Pointer Example

R253 RP = 00h
= Port O
Port 1
Port 2
Port 3

BIR3EB
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But if:

R253 RP = 0Dh
RO = CTRO

R1 = CTR1

R2 = CTR2

R3 = CTR3

The counter/timers are mapped into ERF group D. Access is easily performed using the
following code segment.

LD RP, #0Dh ; Select ERF D for access to Bank D
; (working register group 0)

LD RO, #xx ; load CTRO

LD 1, #xx ; load CTR1

LD R1, 2 ; CTRR - CTR1

LD RP, #7Dh ; Sel ect Expanded Regi ster Bank D and worKki ng
; register group 7 of Bank O for access.

LD 71h, 2 ; CTR2 —>register 71h

LD R1, 2 ; CTR2 —>register 71h

Linear Memory Addressing

PS024410-0108

In addition to using the RP Register to designate a bank and working register group for 8-
bit or 4-bit addressing, programs can use 12-bit linear addressing to load a register in any
other bark to or from a register in the current bank. Linear addressing is implemented in
the LDX and LDXI instructions only. Linear addressing treats the register file as if all of
the registers are logically ordered end-to-end, as opposed to being grouped into banks and
working register groups, as displayed in Figure 11 on page 33. For linear addressing,
register file addresses are numbered sequentially from Bank 0, register 00h to Bank 0,
register FFh, then continuing with Bank 1, register 00h, and so on up to Bank F, register
FFh.

Using the LDX and/or the LDXI instructions, either the target or destination register
location can be addressed through a 12-bit linear address value stored in a general-purpose
register pair. For example, the following code uses linear addressing for the source of a
register transfer operation and uses a working register address for the target.

SRP #9%23 ; Set working register group 2 in bank 3

LD RO, #%%5 ;Load 55 into working register RO in the current
;group and bank (linear address 320h)

SRP #9%42 ; Set working register group 1 in bank 2

LD R6, #%93 ;Load high byte of source linear address (0320h)

LD R7, #%20 ;Load |ow byte of source |inear address (0320h)

LD RO, @R6 ;Load |linear address 320h contents (55h) into
;working register RO in the current group and
; bank (linear address 210h)
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As it can be seen in the above example, the source register is referenced via a linear
address value contained within registers R6 and R7, whereas the destination is referenced
via the SRP setting and a working register. For more information on the use of the LDX
and LDXI instructions, refer to Z8 LXM CPU Core User Manual (UM0183).

) Note:  The LDE and LDEI instructions that existed in the Z8® CPU are no longer valid; they are
replaced by the LDX and LDXI instructions.

Banks 1-3
Bank 0 Bank D Bank F
CPU Control
OFOh-OFFh
| Typical Stack |
Below 0DOh
General Purpose
E— Registers
100h—=3FFh Reserved Reserved
General D10h-DFFh F10h—FFFh
Purpose
Registers
004h—-0EFh
_ Peripheral Peripheral
Control Control
Ports 000h-003h D00h—DOFh FOOh—FOFh
Not to Scale

Figure 11. Register File LDX, LDXI Linear 12-Bit Address Map
Program Memory Paging Register

Bit 0 of the Program Memory Paging Register determines which 64 KB bank of program
memory is read during the execution of the LDC and LDCI instructions (Table 16).
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Table 16. Program Memory Paging Register (PMPR)

Bit 7 6 5 4 3 2 1 0

Field Page Toggle Enable Reserved Page Register
Reset 0 X X X X X X 0

R/W R/W — — — — — — R/W
Address Bank Independent: FOh; Linear: OFOh

Bit

Position Value Description

[7] Page Toggle Enable
0 PMPR[0] changes only when written by software.
1 If PMPR[0]=0, the CPU toggles PMPR[0] when LDCI increments past FFFFh.

[6:1] —  Reserved—Reads 111111b; write 000000b for compatibility with possible future
devices.
[0] Page Register

0 LDC, LDCI instructions access Page 0.
1 LDC, LDCI instructions access Page 1.
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Register Pointer Register

The upper nibble of the register pointer (Table 17) selects which working register group,
of 16 bytes in the register file, is accessed out of the possible 256. The lower nibble selects
the expanded register file bank and, in the case of the ZLP12840 MCU family, banks 0, 1,
2,3, F, and D are implemented. A Oh in the lower nibble allows the normal register file
(Bank 0) to be addressed. Any other value from 01h to OFh exchanges the lower 16
registers to an expanded register bank.

Table 17. Register Pointer Register (RP)

Bit 7 6 5 4 3 2 1 0
Field Working Register Group Pointer Register Bank Pointer

Reset 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 Bank Independent: FDh; Linear OFDh

Bit

Position Value Description

[7:4] Working Register Group Pointer
Oh—Fh Determines which 16 byte working group is addressed.
[3:0] Register Bank Pointer

Oh—Fh Determines which bank is active.

PS024410-0108
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Bank-independent register FEh is available for user data storage (Table 18).

Do not use register FEh as a counter for the DJNZ instruction.

Table 18. User Data Register (USER)

Bit 7 6 5 4 3 2 1 0
Field User Data

Reset X X X X X X X X
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank Independent: FEh; Linear: OFEh

Bit

Position Value Description

[7:0]

00h—FFh User Data

Stack Pointer Register

PS024410-0108

The Stack Pointer Register contains the 8-bit address of the stack pointer. The stack
pointer resides in Bank 0 of RAM. The stack address is decremented prior to a PUSH
operation and incremented after a POP operation. The stack address always points to the
data stored at the ‘top’ of the stack (the lowest stack address). During a call instruction, the
contents of the Program Counter are saved on the stack. Interrupts cause the contents of
the Program Counter and Flags registers to be saved on the stack. An overflow or
underflow can occur when the stack address is incremented or decremented during normal
operations. You must prevent this occurrence otherwise, it results in unpredictable

operations (Table 19).
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Table 19. Stack Pointer Register (SPL)
Bit 7 6 5 4 3 2 1 0
Field Stack Pointer
Reset X X X X X X X X
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Bank Independent: FFh; Linear: OFFh
Bit
Position Description
[7:0] Stack Pointer

PS024410-0108

PRELIMINARY

Memory and Registers

37



PS024410-0108

PRELIMINARY

ZLP12840 OTP MCU
Product Specification

Memory and Registers



ZLP12840 OTP MCU
Product Specification

1log|,

Register File Summary

Table 20 maps each linear (12-bit) register file address to the associated register, mne-
monic, and reset value. The table also lists the register bank (or banks) and corresponding
8-bit address, if any, for each register, plus a page link to the detailed register diagram.

Throughout this document, an “X” in a number denotes an undefined digit. A “—" (dash)
in a table cell indicates that the corresponding attribute does not apply to the listed item.
Reset value digits highlighted in grey are not reset by a Stop Mode Recovery. Register bit
SMR[7] (shown in boldface) is set to 1 instead of reset by a Stop Mode Recovery.

Table 20. Register File Address Summary

Address (Hex)

12-Bit Bank 8-Bit Register Description Mnemonic Reset zzge
000 0-3 00 Port 0 PO XXh 21
001 0-3 01 Reserved — — —
002 0-3 02 Port 2 P2 XXh 23
003 0-3 03 Port 3 P3 0Xh 25
004-00F O 04-0F General-Purpose Registers (Bank 0 Only) — XXh —
010-0EF 0,D,F 10-EF General-Purpose Registers (Banks 0, D, F) — XXh —
OF0 All FO Program Memory Paging Register PMPR OXXX_XXX0b 34
OF1 All F1 UART Receive/Transmit Data Register URDATA/ XXh 54
UTDATA
0F2 All F2 UART Status Register UST 0000_0010b 55
0F3 Al F3 UART Control Register UCTL 00h 56
OF4 All F4 UART Baud Rate Generator Constant BCNST FFh 57
OF5 Al F5 Reserved — — —
OF6 All F6 Port 2 Mode Register P2M FFh 22
OF7 Al F7 Port 3 Mode Register P3M XXXX_X000b 24
OF8 Al F8 Port 0 Mode Register PO1M X1XX_XXX1b 20
0F9 All F9 Interrupt Priority Register IPR XXh 90
OFA All FA Interrupt Request Register IRQ 00h 92
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Table 20. Register File Address Summary (Continued)

Address (Hex)

12-Bit Bank 8-Bit Register Description Mnemonic Reset rl?)ge
OFB All FB Interrupt Mask Register IMR OXXX_XXXXb 89
OFC All FC Flags Register FLAGS XXh 118
OFD All FD Register Pointer RP 00h 35
OFE All FE User Data Register USER XXh 36
OFF All FF Stack Pointer Register SPL XXh 37
100-103 — — General-Purpose Registers (12-Bit Only) — XXh —
104-1EF 1 04-EF General-Purpose Registers — XXh —
1F0-203 — — General-Purpose Registers (12-Bit Only) — XXh —
204-2EF 2 04-EF General-Purpose Registers — XXh —
2F0-303 — — General-Purpose Registers (12-Bit Only) — XXh —
304-3EF 3 04-EF General-Purpose Registers — XXh —
3F0-3FF — — General-Purpose Registers (12-Bit Only) — XXh —
400-CFF — — Reserved — — —
D00 D 00 Counter/Timer 8 Control Register CTRO 0000_0000b 77
D01 D 01 Timer 8 and Timer 16 Common Functions CTR1 0000_0000b 79
D02 D 02 Counter/Timer 16 Control Register CTR2 0000_0000b 82
D03 D 03 Timer 8/Timer 16 Control Register CTR3 0000_OXXXb 83
D04 D 04 Counter/Timer 8 Low Hold Register TC8L 00h 76
D05 D 05 Counter/Timer 8 High Hold Register TC8H 00h 76
D06 D 06 Counter/Timer 16 Low Hold Register TC16L 00h 75
Do7 D 07 Counter/Timer 16 High Hold Register TC16H 00h 75
D08 D 08 Timer 16 Capture Low Register LO16 00h 74
D09 D 09 Timer 16 Capture High Register HI16 00h 74
DOA D 0A Timer 8 Capture Low Register LO8 00h 73
DOB D 0B Timer 8 Capture High Register HI8 00h 73
DoC D oC Low-Voltage Detection Register LVD 1111_1000b 98
DOD-DOF D OD-0F Reserved — — —
D10-DFF — — Reserved (8-Bit access goes to Bank 0) — — —
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Address (Hex)

12-Bit Bank 8-Bit

Register Description

Page
Mnemonic Reset No

FOO0 F 00 Port Configuration Register PCON XXXX_X1X0b 19
FO1-F09 F 01-09 Reserved — — —
FOA F 0A Stop Mode Recovery Register 4 SMR4 XXX0 0000b 111
FOB F 0B Stop Mode Recovery Register SMR 0010_0000b 102
FoC F oC Stop Mode Recovery Register 1 SMR1 00h 105
FOD F 0D Stop Mode Recovery Register 2 SMR2 X0X0_00XXb 107
FOE F OE Stop Mode Recovery Register 3 SMR3 X0h 110
FOF F OF Watchdog Timer Mode Register WDTMR  XXXX_1101b 112
F10-FFF — — Reserved (8-Bit access goes to Bank 0) — — —
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Infrared Learning Amplifier

The ZLP12840 MCU’s infrared learning amplifier allows you to detect and decode infra-
red transmissions directly from the output of the receiving diode without the need for
external circuitry. See Port 3 on page 14.

An IR diode can be connected to the IR amplifier as displayed in Figure 12. When the IR
amplifier is enabled and an input current is detected on Port 3, pin 1 (P31), the IR
amplifier outputs a logical High value. When the input current is below the switching
threshold of the IR amplifier, the amplifier outputs a logical Low value.

Within the MCU, the IR amplifier output goes to the capture/timer logic, which can be
programmed to demodulate the IR signal. The IR amplifier output can also be read by the
CPU, or drive the Port 3, pin 4 (P34) output if write-only register bit PCON[0] is written
with a 1.

The IR learning amplifier can demodulate signals up to a frequency of 500 kHz. A special
mode exists that allows you to capture the third, fourth, and fifth edges of the IR amplifier
output and generate an interrupt.

\Y,
OCC

—— D1
£ N\ Photodiode

% P31 of MCU
Figure 12. Learning Amplification Circuitry with the ZLP12840 MCU

For details on programming the timers to demodulate a received signal, see Timers on
page 59.
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Universal Asynchronous
Receiver/Transmitter

The universal asynchronous receiver/transmitter (UART) is a full-duplex communication
channel capable of handling asynchronous data transfers. The two UARTS use a single
8-bit data mode with selectable parity. Features of the UARTs include:

8-bit asynchronous data transfer

Selectable even- and odd-parity generation and checking
One or two Stop bits

Separate transmit and receive interrupts

Framing, overrun, and break detection

Separate transmit and receive enables

8-bit Baud Rate Generator (BRG)

Baud Rate Generator timer mode

UART operational during HALT mode

Table 21. UART Control Registers

Address (Hex)

12-Bit Bank 8-Bit Register Description Mnemonic Reset P;ge
OF1 All F1 UART Receive/Transmit Data Register URDATA/ XXh 54
UTDATA
OF2 Al F2 UART Status Register UST 0000_0010b 55
OF3 Al F3 UART Control Register UCTL 00h 56
OF4 All F4 UART Baud Rate Generator Constant BCNST FFh 57
Architecture

The UARTS consist of three primary functional blocks: transmitter, receiver, and Baud
Rate Generator. The UART transmitter and receiver function independently, but employ
the same baud rate and data format. Figure 13 on page 46 displays the UART architecture.
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Figure 13. UART Block Diagram

Operation

The UART channel can be used to communicate with a master microprocessor or as a
slave microprocessor, both of which exhibit transmit and receive functionality. You can
either operate the UART channel by polling the UART Status register or via interrupts.
The UART remains active during HALT mode. If neither the transmitter nor the receiver is
enabled, the UART baud rate generator can be used as an additional timer. The UART
contains a noise filter for the receiver that can be enabled.

Data Format

PS024410-0108

The UART always transmits and receives data in an 8-bit data format, with the least-
significant bit occurring first. An even or odd parity bit can be optionally added to the data
stream. Each character begins with an active Low Start bit and ends with either 1 or 2
active High Stop bits. Figure 14 and Figure 15 on page 47 display the asynchronous data
format employed by the UARTSs without parity and with parity, respectively.
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: < Data field > :
|

msb | Stop bit(s)
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b
1_\ I y T 1
Start/BitOXBit‘IXBitZXBitSX Bit4XBit5XBit6X Bit7/I | |
I I
I —1 1 I
' I

0
I
:4— 2 —>:
Figure 14. UART Asynchronous Data Format without Parity
I , _
< Data field >
Idle state I I .
) of line : Isb msb I Stop bit(s)
Y | 1
\ Start/BitOX Bit1X Bit2X Bit3X Bit4XBit5XBit6X Bit 7 XBit? /I I
I
0 ! —>: 1 e

Figure 15. UART Asynchronous Data Format with Parity

Transmitting Data Using the Polled Method

Follow the steps below to transmit data using the polled method of operation:

L.

PS024410-0108

Write to the baud rate generator constant (BCNST) register, address 0F4h, to set the
appropriate baud rate.

Write a 0 to bit 6 of the POIM register.

Write to the UART control register (UCTL) to:
(a) Set the transmit enable bit, UCTL[7], to enable the UART for data transmission.

(b) If parity is appropriate, set the parity enable bit, UCTL[4] to 1 and select either
Even or Odd parity (UCTL[3]).

Check the Transmit Status register bit, UST[2], to determine if the Transmit Data
register is empty (indicated by a 1). If empty, continue to step 6. If the Transmit Data
register is full (indicated by a 0), continue to monitor the UST[2] bit until the Transmit
Data register becomes available to receive new data.

Write the data byte to the UART Transmit Data register, OF1h. The transmitter
automatically transfers the data to the internal transmit shift register and transmits the
data.
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6. To transmit additional bytes, return to step 4.

7. Before disabling the transmitter, read the transmit completion status bit, UST[1]. If
UST[1]=0, continue to monitor the bit until it changes to 1, which indicates that all
data in the Transmit Data and internal shift registers has been transmitted.

A Caution: Data written while the transmit enable bit is clear (UCTL[7]=0) will not be transmitted.

Data written while the transmit data status bit is clear (UST[2]=0) overwrites the
previous value written, so the previous written value will not be transmitted. Disabling
the UART transmitter while the transmit completion status bit is clear (UST[1]=0) can
corrupt the byte being transmitted.

Transmitting Data Using the Interrupt-Driven Method

The UART transmitter interrupt indicates the availability of the Transmit Data register to
accept new data for transmission. Follow the steps below to configure the UART for
interrupt-driven data transmission:

1. Write to the BCNST register to set the appropriate baud rate.
2. Write a 0 to bit 6 of the POIM register.

3. Execute a DI instruction to disable interrupts.

4

Write to the Interrupt control registers to enable the UART Transmitter interrupt and
set the appropriate priority.

5. Write to the UART Control register to:
(a) Set the transmit enable bit (UCTL bit 7) to enable the UART for data transmission.
(b) Enable parity, if appropriate, and select either even or odd parity.

6. Execute an El instruction to enable interrupts.
7. Because the transmit buffer is empty, an interrupt is immediately executed.

8. Write the data byte to the UART Transmit Data register. The transmitter automatically
transfers the data to the internal transmit shift register and transmits the data.

9. Execute the IRET instruction to return from the interrupt-service routine and wait for
the Transmit Data register to again become empty.

10. Before disabling the transmitter, read the transmit completion status bit, UST[1]. If
UST[1]=0, continue to monitor the bit until it changes to 1, which indicates that all
data in the Transmit Data and internal shift registers has been transmitted.

A Caution: Data written while the transmit enable bit is clear (UCTL[7]=0) will not be transmitte