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8 k ISP Flash MCU Family

Analog Peripherals

- 24 0or16-Bit ADC
* No missing codes
* 0.0015% nonlinearity
* Programmable conversion rates up to 1 ksps
* 8-Input multiplexer
* 1xto 128x PGA
* Built-in temperature sensor
- Two 8-Bit Current Output DACs

-  Comparator
* Programmable hysteresis and response time
» Configurable as interrupt or reset source
» Low current (0.4 pA)

On-chip Debug

- On-chip debug circuitry facilitates full speed, non-
intrusive in-system debug (No emulator required)

- Provides breakpoints, single stepping,
inspect/modify memory and registers

- Superior performance to emulation systems using
ICE-Chips, target pods, and sockets

- Low Cost, Complete Development Kit

Supply Voltage 2.7 to 3.6 V

- Typical operating current: 5.8 mA @ 25 MHz;

11 yA @ 32 kHz

-  Typical stop mode current: 0.1 pA

Temperature Range: —40 to +85 °C

High Speed 8051 uC Core

- Pipelined Instruction architecture; executes 70% of
instructions in 1 or 2 system clocks

- Up to 50 MIPS throughput

- Expanded interrupt handler

Memory

- 768 Bytes (256 + 512) On-Chip RAM

- 8 kB Flash; In-system programmable in 512-byte
Sectors

Dlgltal Peripherals
17 Port 1/O; All 5 V tolerant with high sink current

- Enhanced UART, SMBus™, and SPI™ Serial Ports

- Four general purpose 16-bit counter/timers

- 16-bit programmable counter array (PCA) with three
capture/compare modules

- Real time clock mode using PCA or timer and exter-
nal clock source

Clock Sources

- Internal Oscillator: 24.5 MHz with + 2% accuracy
supports UART operation

- External Oscillator: Crystal, RC, C, or clock
(1 or 2 pin modes)

- Clock multiplier to achieve 50 MHz internal clock
Can switch between clock sources on-the-fly

28 Pin QFN or 32-Pin LQFP Package

- 5x5 mm PCB footprint with 28-QFN
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1. System Overview

C8051F350/1/2/3 devices are fully integrated mixed-signal System-on-a-Chip MCUs. Highlighted features
are listed below. Refer to Table 1.1 for specific product feature selection.

+ High-speed pipelined 8051-compatible microcontroller core (up to 50 MIPS)

* In-system, full-speed, non-intrusive debug interface (on-chip)

* 24 or 16-bit single-ended/differential ADC with analog multiplexer

*  Two 8-bit Current Output DACs

*  Precision programmable 24.5 MHz internal oscillator

» 8 kB of on-chip Flash memory

* 768 bytes of on-chip RAM

*  SMBus/I2C, Enhanced UART, and SPI serial interfaces implemented in hardware

*  Four general-purpose 16-bit timers

*  Programmable counter/timer array (PCA) with three capture/compare modules and watchdog timer
function

*  On-chip power-on reset, Vpp monitor, and temperature sensor

»  On-chip voltage comparator

17 Port 1/O (5 V tolerant)

With on-chip power-on reset, Vpp monitor, watchdog timer, and clock oscillator, the C8051F350/1/2/3
devices are truly stand-alone System-on-a-Chip solutions. The Flash memory can be reprogrammed even
in-circuit, providing non-volatile data storage, and also allowing field upgrades of the 8051 firmware. User
software has complete control of all peripherals, and may individually shut down any or all peripherals for
power savings.

The on-chip Silicon Labs 2-Wire (C2) Development Interface allows non-intrusive (uses no on-chip
resources), full speed, in-circuit debugging using the production MCU installed in the final application. This
debug logic supports inspection and modification of memory and registers, setting breakpoints, single
stepping, run and halt commands. All analog and digital peripherals are fully functional while debugging
using C2. The two C2 interface pins can be shared with user functions, allowing in-system debugging with-
out occupying package pins.

Each device is specified for 2.7 to 3.6 V operation over the industrial temperature range (—45 to +85 °C).
The Port I1/0 and /RST pins are tolerant of input signals up to 5 V. The C8051F350/1/2/3 are available in
28-pin QFN (also referred to as MLP or MLF) or 32-pin LQFP packaging, as shown in Figure 1.1 through
Figure 1.4.
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Table 1.1. Product Selection Guide
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1.1. CIP-51™ Microcontroller

1.1.1. Fully 8051 Compatible Instruction Set

The C8051F35x devices use Silicon Labs’ proprietary CIP-51 microcontroller core. The CIP-51 is fully
compatible with the MCS-51™ instruction set. Standard 803x/805x assemblers and compilers can be used
to develop software. The C8051F35x family has a superset of all the peripherals included with a standard
8052.

1.1.2. Improved Throughput

The CIP-51 employs a pipelined architecture that greatly increases its instruction throughput over the stan-
dard 8051 architecture. In a standard 8051, all instructions except for MUL and DIV take 12 or 24 system
clock cycles to execute, and usually have a maximum system clock of 12 to 24 MHz. By contrast, the CIP-
51 core executes 70% of its instructions in one or two system clock cycles, with no instructions taking more
than eight system clock cycles.

With the CIP-51's system clock running at 50 MHz, it has a peak throughput of 50 MIPS. The CIP-51 has a
total of 109 instructions. The table below shows the total number of instructions that require each execution
time.

Clocks to Execute 1 2 2/3 3 3/4 4 4/5 5 8

Number of Instructions 26 50 5 14 7 3 1 2 1

1.1.3. Additional Features

The C8051F350/1/2/3 SoC family includes several key enhancements to the CIP-51 core and peripherals
to improve performance and ease of use in end applications.

An extended interrupt handler allows the numerous analog and digital peripherals to operate inde-
pendently of the controller core and interrupt the controller only when necessary. By requiring less inter-
vention from the microcontroller core, an interrupt-driven system is more efficient and allows for easier
implementation of multi-tasking, real-time systems.

Eight reset sources are available: power-on reset circuitry (POR), an on-chip Vpp monitor, a Watchdog
Timer, a Missing Clock Detector, a voltage level detection from Comparator0, a forced software reset, an
external reset pin, and an illegal Flash access protection circuit. Each reset source except for the POR,
Reset Input Pin, or Flash error may be disabled by the user in software. The WDT may be permanently
enabled in software after a power-on reset during MCU initialization.

The internal oscillator is factory calibrated to 24.5 MHz £2%. An external oscillator drive circuit is also
included, allowing an external crystal, ceramic resonator, capacitor, RC, or CMOS clock source to generate
the system clock. A clock multiplier allows for operation at up to 50 MHz. An external oscillator can also be
extremely useful in low power applications, allowing the MCU to run from a slow (power saving) source,
while periodically switching to the fast internal oscillator as needed.
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1.2. On-Chip Debug Circuitry

The C8051F350/1/2/3 devices include on-chip Silicon Labs 2-Wire (C2) debug circuitry that provides non-
intrusive, full speed, in-circuit debugging of the production part installed in the end application.

Silicon Labs' debugging system supports inspection and modification of memory and registers, break-
points, and single stepping. No additional target RAM, program memory, timers, or communications chan-
nels are required. All the digital and analog peripherals are functional and work correctly while debugging.
All the peripherals (except for the ADC and SMBus) are stalled when the MCU is halted, during single
stepping, or at a breakpoint in order to keep them synchronized.

The C8051F350DK development kit provides all the hardware and software necessary to develop applica-
tion code and perform in-circuit debugging with the C8051F35x MCUs. The kit includes software with a
developer's studio and debugger, a C2 debug adapter, a target application board with the associated MCU
installed, and the required cables and wall-mount power supply. The development kit requires a computer
with Windows 98 SE or later installed.

The Silicon Labs IDE interface is a vastly superior developing and debugging configuration, compared to
standard MCU emulators that use on-board "ICE Chips" and require the MCU in the application board to
be socketed. Silicon Labs' debug paradigm increases ease of use and preserves the performance of the
precision analog peripherals.

Silicon Labs Integrated
Development Environment

S
WINDOWS 88 SE or later P &

Debug
Adapter

Figure 1.5. Development/In-System Debug Diagram
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1.3. On-Chip Memory

The CIP-51 has a standard 8051 program and data address configuration. It includes 256 bytes of data
RAM, with the upper 128 bytes dual-mapped. Indirect addressing accesses the upper 128 bytes of general
purpose RAM, and direct addressing accesses the 128 byte SFR address space. The lower 128 bytes of
RAM are accessible via direct and indirect addressing. The first 32 bytes are addressable as four banks of
general purpose registers, and the next 16 bytes can be byte addressable or bit addressable.

Program memory consists of 8 kB bytes of Flash. This memory may be reprogrammed in-system in 512
byte sectors, and requires no special off-chip programming voltage.

PROGRAM/DATA MEMORY DATA MEMORY (RAM)
(Flash) INTERNAL DATA ADDRESS SPACE
Ox1FFF RESERVED OxFF Upper 128 RAM Special Function
0x1EQ0 (Indirect Addressing Register's
Ox1DFF 0x80 Only) (Direct Addressing Only)
Ox7F
(Direct and Indirect
Addressing) Lower 128 RAM
8 kB Flash 0x30 (Direct and Indirect
Ox2F i
(In-System 0X20 Bit Addressable Addressing)
Programmable in 512 O;(1 =
General Purpose
Byte Sectors) .
0x00 Registers
EXTERNAL DATA ADDRESS SPACE
0x0000
OxFFFF
Same 512 bytes as from
0x0000 to 0x01FF, wrapped
on 512-byte boundaries
0x0200
Bl XRAM - 512 Bytes
(accessable using MOVX
0x0000 instruction)
Figure 1.6. Memory Map
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1.4. 24 or 16-Bit Analog to Digital Converter (ADCO)

The C8051F350/1/2/3 include a fully-differential, 24-bit (C8051F350/1) or 16-bit (C8051F352/3) Sigma-
Delta Analog to Digital Converter (ADC) with on-chip calibration capabiliites. Two separate decimation fil-
ters can be programmed for throughputs of up to 1 kHz. An internal 2.5 V reference is available, or a differ-
ential external reference can be used for ratiometric measurements. A Programmable Gain Amplifier
(PGA) is included, with eight gain settings up to 128x. An analog front-end multiplexer connects the differ-
ential inputs to eight external pins, the internal temperature sensor, or AGND. The on-chip input buffers
can be used to provide a high input impedance for direct connection to sensitive transducers. An 8-bit off-
set DAC allows for correction of large input offset voltages.

Internal
Burnout 2.5V or
Current External
Sources VREF
Eight \T
External s AIN+ >_
Inputs

Temperature
Sensor

SINCS Filter >
Modulator {
Fast Filter

Y

1x to 128x
Input
Buffers

AGND

Figure 1.7. ADCO Block Diagram
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1.5. Two 8-bit Current-Mode DACs

The C8051F350/1/2/3 devices include two 8-bit current-mode Digital-to-Analog Converters (IDACs). The
maximum current output of the IDACs can be adjusted for four different current settings; 0.25 mA, 0.5 mA,
1 mA, and 2 mA. A flexible output update mechanism allows for seamless full-scale changes, and supports
jitter-free updates for waveform generation. IDAC updates can be performed on-demand, scheduled on a
Timer overflow, or synchronized with an external signal. Figure 1.8 shows a block diagram of the IDAC cir-
cuitry.

Data Write [ ™
Timer 0
Timer 1
Timer 2
Timer 3
CNVSTR

8-bit Digital 8
Input

>

Latch

8-bit Digital 8
Input

Current
Output

>

»( IDA1

8 Current
» IDAC Output

Latch

D-ata Write [ 5
Timer 0
Timer 1
Timer 2
Timer 3
CNVSTR

L—

Figure 1.8. IDAC Block Diagram
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1.6. Programmable Comparator

C8051F350/1/2/3 devices include a software-configurable voltage comparator with an input multiplexer.
The Comparator offers programmable response time and hysteresis and two outputs that are optionally
available at the Port pins: a synchronous “latched” output (CPO0), or an asynchronous “raw” output (CPOA).
Comparator interrupts may be generated on rising, falling, or both edges. When in IDLE mode, these inter-
rupts may be used as a “wake-up” source for the processor. Comparator0 may also be configured as a
reset source. A block diagram of the Comparator is shown in Figure 1.9.

VDD
-———
\ | Interrupt
> | Logic |
—_—— —
R ,+\
Port /0 J & Va I . CPO
Pins ' = 3 3 "~ (synchronous output)
5 » - T T
’ = / ~—
> 4 (SYNCHRONIZER)
GND - CPOA
/ J " (asynchronous output)
| Reset |
| Decision |
L Tree |

Figure 1.9. Comparator0 Block Diagram

1.7. Serial Ports

The C8051F350/1/2/3 Family includes an SMBus/I2C interface, a full-duplex UART with enhanced baud
rate configuration, and an Enhanced SPI interface. Each of the serial buses is fully implemented in hard-
ware and makes extensive use of the CIP-51's interrupts, thus requiring very little CPU intervention.
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1.8. Port Input/Output

C8051F350/1/2/3 devices include 17 1/O pins. Port pins are organized as two byte-wide ports and one 1-bit
port. The port pins behave like typical 8051 ports with a few enhancements. Each port pin can be config-
ured as a digital or analog /O pin. Pins selected as digital I/O can be configured for push-pull or open-drain
operation. The “weak pull-ups” that are fixed on typical 8051 devices may be globally disabled to save
power.

The Digital Crossbar allows mapping of internal digital system resources to port 1/0O pins. On-chip con-
ter/timers, serial buses, hardware interrupts, and other digital signals can be configured to appear on the
port pins using the Crossbar control resgiters. This allows the user to select the exact mix of general-pur-
pose port I/O, digital, and analog resources needed for the application.

XBRO, XBR1, PnMDOUT,
PnSKIP Registers PnMDIN Registers
\ 4
Priority
Decoder
Highest P 2, R
Priority UART < d d
. CPO % >
2 Outputs 7 ”
c
(&) iai \ 4
ke, ) 4, - Digital
2 SPI  j[e— > Crossbar 8 PO —E, P0.0
o) < »| 110 .
fal 2
= SMBus je—% > Celsf—————I ro7
2 I+ v
g
£ SYSCLK S 6 p1 ———1 P10
< » 1/0 .
L ]
4, - Celsfp ——Pq P17
PCA |le— >
Lowest P 2,
Priority T0,T1 [« 7
,8’ > >
PO | (P0.0-P0.7)
3 8, .
S 7>
T P1 (P1.0-P1.7)
g )
Q‘, \ 4
»| P2
P2 (P2.0) o ———— K] P20
< Cell
Figure 1.10. Port I/O Functional Block Diagram
®
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1.9. Programmable Counter Array

The Programmable Counter Array (PCAQ) provides enhanced timer functionality while requiring less CPU
intervention than the standard 8051 counter/timers. The PCA consists of a dedicated 16-bit counter/timer
and three 16-bit capture/compare modules. The counter/timer is driven by a programmable timebase that
can select between six sources: system clock, system clock divided by four, system clock divided by
twelve, the external oscillator clock source divided by 8, Timer 0 overflow, or an external clock signal on the
External Clock nput (ECI) input pin.

Each capture/compare module may be configured to operate independently in one of six modes: Edge-
Triggered Capture, Software Timer, High-Speed Output, Frequency Output, 8-Bit PWM, or 16-Bit PWM.
Additionally, PCA Module 2 may be used as a watchdog timer (WDT), and is enabled in this mode follow-
ing a system reset. The PCA Capture/Compare Module I/O and the External Clock Input may be routed to
Port I/O using the digital crossbar.

SYSCLK/12
SYSCLK/4

Timer 0 Overflow PCA
LU A2 AL . )
ECI CLOCK 16-Bit Counter/Timer

MUX

A 4

SYSCLK
—>

External Clock/8

Capture/Compare Capture/Compare Capture/Compare
Module 0 Module 1 Module 2 / WDT
m o (@] Q
@) m m m
= x > X
o - N
) |
‘ Crossbar !
‘ [
o )
Co T T T T T T
! Port I/1O |

Figure 1.11. PCA Block Diagram

Rev. 1.2 25

SILICON LABS



C8051F350/1/2/3

2. Absolute Maximum Ratings

Table 2.1. Absolute Maximum Ratings

Parameter Min Typ Max Units
Ambient temperature under bias -55 — 125 °C
Storage Temperature -65 - 150 °C
Voltage on AIN0.0-AINO.7, VREF+, and VREF- with respect to -0.3 — |Vpp+0.3 \Y
DGND
Voltage on any Port 0, 1, or 2 Pin or /RST with respect to DGND -0.3 — 5.8 V
Voltage on Vpp with respect to DGND -0.3 — 4.2
Voltage on AV+ with respect to AGND -0.3 — 4.2 v
Maximum output current sunk by any Port 0, 1, or 2 pin — — 100 mA
Maximum output current sunk by any other I/O pin — — 50 mA
Maximum output current sourced by any Port 0, 1, or 2 pin — — 100 mA
Maximum output current sourced by any other I/O pin — — 50 mA
Maximum Total current through Vpp, AV+, DGND, and AGND — — 500 mA

extended periods may affect device reliability.

Note: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the devices at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
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3. Global DC Electrical Characteristics

Table 3.1. Global DC Electrical Characteristics
—40 to +85 °C, 25 MHz System Clock unless otherwise specified.

Parameter Conditions Min Typ Max | Units
Analog Supply Voltage' 2.7 3.0 3.6 Y,
Analog Supply Current Internal REF, ADC, IDACs, — [ 075 | 13 | mA
Comparators all active
Analog Supply Current with analog Internal REF, ADC, IDACs, — <1 — pA
sub-systems inactive Comparators all disabled,
oscillator disabled
Analog-to-Digital Supply Delta — — 0.5 \Vi
(IVop — AV+))
Digital Supply Voltage 27 3.0 3.6 v
Digital Supply Current with CPU Vpp =2.7V;SYSCLK=25MHz | — 99 | 11.3 | mA
active Vpp = 2.7 V; SYSCLK = 50 MHz — 17.8 | 20.0 mA
Vpp = 3.3 V; SYSCLK = 25 MHz — 13.6 | 15.5 mA
Vpp = 3.3 V; SYSCLK = 50 MHz — 249 | 271 mA
Digital Supply Current with CPU Vpp=27V;SYSCLK=25MHz | — | 57 | 66 | mA
inactive (not accessing Flash) Vpp=2.7V;SYSCLK=50MHz | — | 111 | 127 | mA
Vpp = 3.3 V; SYSCLK = 25 MHz — 7.5 8.5 mA
Vpp = 3.3 V; SYSCLK = 50 MHz — 15.0 | 16.5 mA
Digital Supply Current (shutdown) Oscillator not running — | <01 | — WA
Digital Supply RAM Data Retention — 15 — \Vi
Voltage
SYSCLK (System Clock) 23 0 — 50 | MHz
Specified Operating Temperature —40 — +85 °C
Range

Notes:

from the internal clock multiplier.

3. SYSCLK must be at least 32 kHz to enable debugging.

1. Analog Supply AV+ must be greater than 1 V for Vpp monitor to operate.
2. SYSCLK is the internal device clock. For operational speeds in excess of 25 MHz, SYSCLK must be derived

SILICON LABS
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4. Pinout and Package Definitions

Table 4.1. Pin Definitions for the C8051F350/1/2/3

Pin Numbers

Name ‘F350 | ‘F351 Type |Description
‘F352 | ‘F353

Vop 21 17 Power |Digital Supply Voltage. Must be tied to +2.7V to +3.6 V
power.

DGND 22 18 Ground | Digital Ground. Must be tied to Ground.

AV+ 10 6 Power |Analog Supply Voltage. Must be tied to +2.7V to +3.6 V
power.

AGND 9 5 Ground | Analog Ground. Must be tied to Ground.

/IRST 12 8 D I/O |Device Reset. Open-drain output of internal POR or Vpp

monitor. An external source can initiate a system reset by
driving this pin low for at least 15 ps. A 1kQ pull-up to Vpp is

recommended. See Reset Sources Section.

C2CK DVO | clock signal for the C2 Debug Interface.
P2.0/ 1" 7 D I/O |Port 2.0. See Port I/0 Section for a complete description.
c2D D I/O |Bi-directional data signal for the C2 Debug Interface.
PO0.0 13 9 D I/O or | Port 0.0. See Port I/0 Section for a complete description.
Aln
PO.1 14 10 D I/O or |Port 0.1. See Port I/O Section for a complete description.
Aln
P0.2/ 15 11 D I/O or | Port 0.2. See Port I/0 Section for a complete description.
Aln
XTAL1 A In | This pin is the external oscillator return for a crystal or reso-
nator. See Oscillator Section.
P0.3/ 16 12 D I/O |Port 0.3. See Port I/0 Section for a complete description.
XTAL2 A 1/0O or |This pin is the excitation driver for an external crystal or res-

D In |onator, or an external clock input for CMOS, capacitor, or
RC oscillator configurations. See Oscillator Section.

P0.4 17 13 | D1/Oor |Port0.4. See Port /0O Section for a complete description.
Aln
PO0.5 18 14 | D1/Oor |Port 0.5. See Port I/O Section for a complete description.
Aln
28 Rev. 1.2 )
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Table 4.1. Pin Definitions for the C8051F350/1/2/3 (Continued)

Pin Numbers

Name ‘F350 | ‘F351 | Type |Description
‘F352 | ‘F353
PO0.6/ 19 15 | D1/Oor |Port 0.6. See Port /0 Section for a complete description.
Aln
CNVSTR D In |External Convert Start Input for IDACs (See IDAC Section
for complete description).
P0.7 20 16 | D1/Oor |Port0.7. See Port I/0 Section for a complete description.
Aln
P1.0/ 23 19 D 1/O or | Port 1.0. See Port I/O Section for a complete description.
Aln
AINO.4 Aln | ADCO Input Channel 4 (C8051F351/3 - See ADCO Section
for complete description).
P1.1/ 24 20 | DI/Oor |Port 1.1. See Port I/0 Section for a complete description.
Aln
AINO.5 AlIn |ADCO Input Channel 5 (C8051F351/3 - See ADCO0 Section
for complete description).
P1.2/ 25 21 D I/O or | Port 1.2. See Port I/0 Section for a complete description.
Aln
AINO.6 Aln |ADCO Input Channel 6 (C8051F351/3 - See ADCO Section
for complete description).
P1.3/ 26 22 D 1/O or | Port 1.3. See Port I/O Section for a complete description.
Aln
AINO.7 AlIn |ADCO Input Channel 7 (C8051F351/3 - See ADCO0 Section
for complete description).
P1.4 27 23 | DI/Oor |Port1.4. See Port I/0 Section for a complete description.
Aln
P1.5 28 24 | DI/Oor |Port1.5. See Port I/0O Section for a complete description.
Aln
P1.6/ 29 25 | DI/Oor |Port1.6. See Port I/0O Section for a complete description.
Aln
IDAO A Out |IDACO Output (See IDAC Section for complete description).
P1.7/ 30 26 | D1/O or |Port 1.7. See Port I/0O Section for a complete description.
Aln
IDA1 A Out |IDAC1 Output (See IDAC Section for complete description).
) Rev. 1.2 29
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Table 4.1. Pin Definitions for the C8051F350/1/2/3 (Continued)

Pin Numbers
Name ‘F350 | ‘F351 | Type |Description
‘F352 | ‘F353

AINO.O 1 1 Aln |ADCO Input Channel 0 (See ADCO Section for complete
description).

AINO.1 2 2 Aln |ADCO Input Channel 1 (See ADCO Section for complete
description).

AINO.2 3 3 Aln | ADCO Input Channel 2(See ADCO Section for complete
description).

AINO.3 4 4 Aln |ADCO Input Channel 3 (See ADCO Section for complete
description).

AINO.4 5 — Aln |ADCO Input Channel 4 (C8051F350/2 - See ADCO Section
for complete description).

AINO.5 6 — Aln | ADCO Input Channel 5 (C8051F350/2 - See ADCO0 Section
for complete description).

AINO.6 7 — Aln |ADCO Input Channel 6 (C8051F350/2 - See ADCO Section
for complete description).

AINO.7 8 — Aln |ADCO Input Channel 7 (C8051F350/2 - See ADCO Section
for complete description).

VREF+ 31 27 A l/O |VREF Positive Voltage Pin (See VREF Section for complete
description).

VREF- 32 28 A /O | VREF Negative Voltage Pin (See VREF Section for com-
plete description).
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Figure 4.1. LQFP-32 Pinout Diagram (Top View)
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Rev. 1.2

32



C8051F350/1/2/3

g}
72 B73
e il
| O | -
D: :D E/2
b g
A
¥ —/ B
—— - - - —
pum BN
] TS
LT foCTg M B SECTION A-4’ LL*) o
sl ] | 1
(4%, 8 TIPS) H H H H H H H L]
[Slssalc[a-3D
L—-LE (320 4x>
OJockH[A-3]D]
ATZ / \ i o —=
l J . fjgﬁgﬁgﬁgﬁgﬁg | o,
e Al SECTION B-B’
[®[ddd@IC[A-B[D] [Sleceld]
Figure 4.3. LQFP-32 Package Diagram
Table 4.2. LQFP-32 Package Dimensions
MM
MIN TYP MAX
A — — 1.60
A1 0.05 — 0.15
A2 1.35 1.40 1.45
b 0.30 0.37 0.45
c 0.09 — 0.20
D — 9.00 —
D1 — 7.00 —
€ — 0.80 —
E — 9.00 —
E1 — 7.00 —
L 0.45 0.60 0.75
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Figure 4.4. QFN-28 Package Drawing

Table 4.3. QFN-28 Package Dimensions

MM
MIN TYP MAX
A 0.80 0.90 1.00
A1 0.03 0.07 0.11
A3 0.25 REF
b 0.18 ‘ 0.25 ‘ 0.30
D 5.00 BSC.
D2 2.90 ‘ 3.15 ‘ 3.35
e 0.50 BSC.
5.00 BSC.
E2 2.90 3.15 3.35
L 0.45 0.55 0.65
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5. 24 or 16-Bit Analog to Digital Converter (ADCO)

The C8051F350/1/2/3 include a fully-differential, 24-bit (C8051F350/1) or 16-bit (C8051F352/3) Sigma-
Delta Analog to Digital Converter (ADC) with on-chip calibration capabiliites. Two separate decimation fil-
ters can be programmed for throughputs of up to 1 kHz. An internal reference is available, or a differential
external reference can be used for ratiometric measurements. A Programmable Gain Amplifier (PGA) is
included, with eight gain settings up to 128x. The on-chip input buffers can be used to provide a high input
impedance for direct connection to sensitive transducers. An 8-bit offset DAC allows for correction of large
input offset voltages.

ADCOCN ADCOMD | | ADCOSTA
d tlI_J A
n| |
S 1B
o |a
ADCOBUF < |< v
[ N ADCOCOH:M:L
AV+ ” Control and
Calibrati
aoreron ADCOCGH:M:L
Voltage x
Reference
ADOBCE H\( |_ﬂ v v v
AN+ O >——|~ SINC? Filter ADCOH:M:L
Modulator
AN- O L’%J |: Fast Filter ADCOFH:M:L
ADOBCE —» nput « 1
Buffers g
=
3 SYSCLK
AGND Q = [e
g 8-Bit 52666
o Offset RA31BIRIE
8 DAC <[<|<|<|<
< ADCOCN | ADCOCLK | [ADCODECH:L

Figure 5.1. ADCO Block Diagram
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5.1. Configuration

ADCO is enabled by setting the ADOEN bit in register ADCOMD (SFR Definition 5.3) to ‘1°. When the ADC
is disabled, it is placed in a low-power shutdown mode with all clocks turned off, to minimize unnecessary
power consumption. The ADC will retain all of its settings in shutdown mode, with the exception of the
ADOSM bits, which are reset to 000b (Idle Mode).

5.1.1. Voltage Reference Selection

The ADC'’s voltage reference is selected using the ADOVREF bit in register ADCOCF (SFR Definition 5.2).
When set to “1’, the ADC uses an external voltage reference source. When cleared to ‘0’, the internal refer-
ence is used. A more detailed description of the voltage reference options can be found in Section
“7. Voltage Reference’ on page 68.

5.1.2. Analog Inputs

The ADC'’s analog inputs are connected to external device pins or internal voltages as described in Section
“5.6. Analog Multiplexer’ on page 55. They can be configured as either single-ended (one independent
input measured with respect to AGND) or differential (two independent inputs measured with respect to
each other). For accurate measurements, the ADC inputs must remain within the input range specifications
found in Table 5.3. To prevent damage to the device, all external ADC inputs must also remain within the
Absolute Maximum ratings for the input pin, given in Table 2.1.

5.1.2.1. Programmable Gain Amplifier

A programmable gain amplifier (PGA) provides amplification settings of 1, 2, 4, 8, 16, 32, 64, and 128 for
the ADC inputs. The PGA gain setting is controlled by the ADOGN bits in register ADCOCN (SFR Definition
5.1).

5.1.2.2. Input Buffers

Independent input buffers are included for AIN+ and AIN—, as shown in Figure 5.2. Each input has a set of
two buffers that can be used to minimize the input current of the ADC for sensitive measurements. The
“low” input buffer can be used when the absolute pin input voltage is in the lower half of the supply range.
The “high” input buffer on each pin can be used when the absolute pin input voltage is in the upper half of
the supply range. See Table 5.3 for the input buffer range specifications. The input buffers can also be
bypassed, for a direct connection to the PGA inputs. The ADC input buffers are controlled with the
ADCOBUF register (SFR Definition 5.8).
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Figure 5.2. ADCO Buffer Control

5.1.3. Modulator Clock

The ADCOCLK register (SFR Definition 5.4) holds the Modulator Clock (MDCLK) divisor value. The modu-
lator clock determines the switching frequency for the ADC sampling capacitors. Optimal performance will
be achieved when the MDCLK frequency is equal to 2.4576 MHz. The modulator samples the input at a
rate of MDCLK / 128.

5.1.4. Decimation Ratio

The decimation ratio of the ADC filters is selected by the DECI[10:0] bits in the ADCODECH and ADCO-
DECL registers (SFR Definition 5.5 and SFR Definition 5.6, respectively). The decimation ratio is equal to
1 + DECI[10:0]. The decimation ratio determines how many modulator samples are used to generate a sin-
gle output word. The ADC output word rate is equal to the modulator sampling rate divided by the decima-
tion ratio. For more information on how the ADC output word rate is derived, see SFR Definition 5.4 and
SFR Definition 5.6. Higher decimation ratios will produce lower-noise results over a longer conversion
period. The minimum decimation ratio is 20. When using the fast filter output, the decimation ratio
must be set to a multiple of 8.
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5.2. Calibrating the ADC

ADCO can be calibrated in-system for both gain and offset, using internal or system calibration modes. To
ensure calibration accuracy, offset calibrations must be performed prior to gain calibrations. It is not neces-
sary to perform both internal and system calibrations, as a system calibration will also compensate for any
internal error sources.

Offset calibration is a single-point measurement that sets which input voltage produces a zero at the ADC
output. When performing an offset calibration, any deviation from zero in the measurement is stored in the
offset register. The offset value is subtracted from all conversions as they take place.

Gain calibration is a two-point measurement that sets the slope of the ADC transfer function. When per-
formed, a gain calibration takes only a single measurement, which is assumed to be the desired full-scale
value in the ADC transfer function. The offset calibration value is used as the other point in the gain calibra-
tion measurement, so that a gain factor can be calculated. After offset correction, conversions are multi-
plied by the gain factor.

Calibrations are initiated by writing the ADC System Mode bits (ADOSM) to one of the calibration options.
During a calibration, the ADOCBSY bit is set to “1’. Upon completion of a calibration the the ADOSM bits will
return to Idle mode, the ADOCBSY bit will be cleared to ‘0’, the ADOCALC bit will be set to ‘1’, and an ADC
interrupt will be generated. Calibration results are also written to the appropriate calibration registers when
the calibration is complete.

5.2.1. Internal Calibration

Internal calibration is performed without requiring a specific voltage on the ADC input pins. Internal calibra-
tions can be performed in three different ways: offset only, gain only, or full (offset and gain). A full internal
calibration consists of an internal offset calibration followed by an internal gain calibration. If offset and gain
calibrations are performed independently, offset calibration must be performed prior to gain calibration.
During an internal offset calibration, the ADC inputs are connected internally to AGND. For an internal gain
calibration, the ADC inputs are connected internally to a full-scale Voltage that is equal to the selected Volt-
age reference divided by the PGA gain.

5.2.2. System Calibration

System calibration is performed using voltages which are applied to the ADC inputs. There are two system
calibration options: offset calibration and gain calibration. For accurate calibration results, offset calibration
must be performed prior to gain calibration. During a system offset calibration, the ADC inputs should be
connected to a “zero” value. During a system gain calibration, the ADC inputs should be connected to the
positive full-scale value for the current PGA gain setting.

5.2.3. Calibration Coefficient Storage

The calibration results for offset and gain are each 24-bits long. The calibration results are stored in SFRs
that are both readable and writeable from software. This enables factory calibrations, as well as manual
modification of the offset and gain parameters. The offset calibration results are stored as a two’s comple-
ment, 24-bit number in the ADCOCOH, ADCOCOM, and ADCOCOL registers. The mapping of the offset
register is shown in Figure 5.3. The gain calibration results are stored as a fixed-point, 24-bit number in the
ADCOCGH, ADCOCGM, and ADCOCGL registers. The mapping of the gain register is shown in Figure 5.4.
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The offset calibration value adjusts the zero point of the ADC'’s transfer function. It is stored as a two’s
complement, 24-bit number. An offset calibration which results in a full-scale positive (Ox7FFFFF) or full-
scale negative (0x800000) result will cause an ADC error condition.

The Offset Calibration results are stored in registers ADCOCOH, ADCOCOM, and ADCOCOL. The weight-
ing of the bits in the offset register (in LSBs) are shown below:

24-bit ADC (C8051F350/1)
ADCOCOH ADCOCOM ADCOCOL
MSB|22 (21|20 |19 (18 (17 |16 |15 |14 |13 |12 |11 [ 10| 9 8 7 6 5 4 3 2 1 |LSB
_223 222 221 220 219 218 217 216 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

16-bit ADC (C8051F352/3)

ADCOCOH ADCOCOM ADCOCOL
MSB| 22 ({21 |20|19 |18 |17 |16 |15 |14 |13 |12 |11 |10 | 9 8 7 6 5 4 3 2 1 [LSB
_215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 2—1 2—2 2—3 2—4 2—5 2—6 2—7 2—8

Figure 5.3. ADCO Offset Calibration Register Coding

The gain calibration value adjusts the slope of the ADC's transfer function. The gain calibration regsiter

can range from O to 2 — 2728 A gain calibration which results in either of these extremes will cause an
ADC error condition.

The Gain Calibration results are stored in registers ADCOCGH, ADCOCGM, and ADCOCGL, as follows:

ADCOCGH ADCOCGM ADCOCGL
MSB| 22 (21120 |19 |18 |17 |16 |15 |14 |13 |12 | 11 [ 10| 9 8 7 6 5 4 3 2 1 [LSB
20 2—1 2—2 2—3 2—4 2—5 2—6 2—7 2—8 2—9 2—1 0 2—1 1 2—1 2 2—1 3 2—1 4 2—1 5 2—1 6 2—1 7 2—1 8 2—1 9 2—20 2—21 2—22 2—23

Example Decoding for Gain Register setting of 0x940000 (10010100 00000000 00000000b):

Slope Adjustment = 20 + 2-3+ 275 = 1.0 + 0.125 + 0.03125 = 1.15625

Figure 5.4. ADCO Gain Calibration Register Coding
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5.3. Performing Conversions

The ADC offers two conversion modes: Single Conversion, and Continuous Conversion. In single conver-
sion mode, a single conversion result is produced for each of the filters (SINC3 and Fast). In continuous
conversion mode, the ADC will perform back-to-back conversions until the ADC mode is changed. Proce-
dures for single and continuous conversion modes are detailed in the sections below.

5.3.1. Single Conversions

A single conversion is initiated by writing the ADC System Mode bits (ADOSM) to the “Single Conversion”
option. Single conversion mode instructs the ADC to gather enough information to produce a result for the
filter that is selected by the ADOISEL bit. During the conversion, the ADOBUSY flag will be set to ‘1’. The
Fast filter results will be available after one period of the ADC’s conversion cycle (determined by the mod-
ulator clock and the decimation ratio). The SINC3 filter results will be available after three periods of the
ADC'’s conversion cycle. The ADOISEL bit in register ADCOCF determines when the end-of-conversion
interrupt will occur, and return the ADC to Idle mode. If the ADOISEL bit is set to “1°, the ADOINT bit will be
set to ‘1" when the Fast filter results are available. If the ADOISEL bit is cleared to ‘0’, the ADOINT bit will be
set to ‘1’ when the SINC3 filter results are available. The ADOSM bits will return to idle mode and the
ADOBUSY bit will be cleared to ‘0’ when the selected filter is finished. When using the SINCS3 filter, a valid
result will also be output by the Fast filter. When using the Fast filter in single-conversion mode, the SINC3
filter results will not be accurate.

5.3.2. Continuous Conversions

Continuous conversions are initiated by writing the ADC System Mode bits (ADOSM) to the “Continuous
Conversion” option. In continous conversion mode, the ADC will start a new conversion as soon as each
conversion is completed. During the conversions, the ADOBUSY flag will be set to “1’. The Fast filter results
will be available after one period of the ADC’s conversion cycle, and on every conversion cycle thereafter
(determined by the modulator clock and the decimation ratio). The first SINC3 filter result will be available
after three periods of the ADC’s conversion cycle, and subsequent SINC3 conversion results will be avail-
able at the end of every conversion cycle thereafter. The ADOISEL bit in register ADCOCF determines
when the end-of-conversion interrupts will occur. If the ADOISEL bit is cleared to ‘0’, the ADOINT bit will be
set to ‘1’ when SINC3 filter results are available. If the ADOISEL bit is set to ‘1°, the ADOINT bit will be set to
‘1’ when Fast filter results are available. Regardless of the setting of the ADOISEL bit, both filters will
update their results registers when new results are available. To stop conversions and exit from continuous
conversion mode, the ADOSM bits should be written to Idle mode.

5.3.3. ADC Output

The ADC'’s two filters each have their own output data registers. The SINC3 filter results are stored in the
ADCOH, ADCOM, and ADCOL registers, while the Fast filter results are stored in the ADCOFH, ADCOFM,
and ADCOFL registers. The ADC output can be configured for Unipolar or Bipolar mode using the ADOPOL
bit in register ADCOCN. Decoding of the ADC output words are shown in Table 5.1 and Table 5.2. The
SINCS3 filter uses information from the past three conversion cycles to produce an ADC output. The Fast fil-
ter uses information from only the current conversion cycle to produce an ADC output. The fast filter reacts
more quickly to changes on the analog input, while the SINC3 filter produces lower-noise results.
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Table 5.1. ADCO Unipolar Output Word Coding (ADOPOL = 0)

Input Voltage* (AIN+ — AIN-)| 24-bit Output Word (C8051F350/1) | 16-bit Output Word (C8051F352/3)
VREF -1 LSB OxFFFFFF OxFFFF
VREF /2 0x800000 0x8000
+1LSB 0x000001 0x0001
0 0x000000 0x0000

*Note: Input Voltage is voltage at ADC inputs after amplification by the PGA.

Table 5.2. ADCO Bipolar Output Word Coding (ADOPOL = 1)

Input Voltage* (AIN+ — AIN-) |24-bit Output Word (C8051F350/1) |16-bit Output Word (C8051F352/3)
VREF -1 LSB Ox7FFFFF Ox7FFF
VREF /2 0x400000 0x4000
+1LSB 0x000001 0x0001
0 0x000000 0x0000
-1LSB OxFFFFFF OxFFFF
—-VREF /2 0xC00000 0xC000
-VREF 0x800000 0x8000

*Note: Input Voltage is voltage at ADC inputs after amplification by the PGA.

5.3.1. Error Conditions

Any errors during a conversion or calibration are indicated using bits in the ADCOSTA register. The
ADOS3C flag will be set to ‘1’ if there is a SINC3 filter clip during the conversion. Likewise, the ADOFFC
flag will be set to ‘1’ if there is a Fast filter clip during the conversion. A filter clip occurs whenever an inter-
nal filter register overflows during a conversion. The ADOOVR flag will be set to ‘1’ if an ADC overrun con-
dition occurs. An overrun occurs if the end of a conversion is reached while the ADOINT flag is still set to ‘1’
from the previous conversion. If the data registers have not been read, the new data values will be
updated, and the previous conversion will be lost. The general ADOERR flag indicates that an ADOS3C,
ADOFFC, or ADOOVR error condition has occurred, or that a calibration resulted in a value that was
beyond the limits of the offset or gain register. The data output registers are updated at the end of every
conversion regardless of whether or not an error occurs.

5.4. Offset DAC

An 8-bit offset DAC is included, which can be used for offset correction up to approximately +1/2 of the
ADC'’s input range on any PGA gain setting. The ADCODAC register (SFR Definition 5.7) controls the off-
set DAC voltage. The register is decoded as a signed binary word. The MSB (bit 7) determines the sign of
the DAC magnitude (0 = positive, 1 = negative), and the remaining seven bits (bits 6—0) determine the
magnitude. Each LSB of the offset DAC is equivalent to approximately 0.4% of the ADC'’s input span. A
write to the ADCODAC register initiates a change on the offset DAC output.

5.5. Burnout Current Sources

The burnout current sources can be used to detect an open circuit or short circuit at the ADC inputs. The
burnout current sources are enabled by setting the ADOBCE bit in register ADCOCN to ‘1’ (SFR Definition
5.1). The positive-channel burnout current source sources approximately 2 uyA on AIN+, and the negative-
channel burnout current sinks approximately 2 yA on AIN-. If an open circuit exists between AIN+ and
AIN- when the burnout current sources are enabled, the ADC will read a full scale positive value. If a
short-circuit exists between AIN+ and AIN-— when the burnout current sources are enabled, the ADC will
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read a value near zero. The burnout current sources should be disabled during normal ADC measure-

ments.
SFR Definition 5.1. ADCOCN: ADCO Control
R R R R/W R/W R/W R/W R/W Reset Value
— — | — | ADOPOL | ADOBCE | ADOGN 00010000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
SFR Address: OxF4
Bits 7-5: Unused: Read = 000b, Write = don’t care.
Bit 4: ADOPOL: ADCO Polarity.
0: ADC operates in Unipolar mode (straight binary result).
1: ADC operates in Bipolar mode (2's compliment result).
Bit 3: ADOBCE: ADCO Burnout Current Source Enable.
0: ADC Burnout current sources disabled.
1: ADC Burnout current sources enabled.
Bits 2:0 ADOGN: ADCO Programmable Gain Setting.

000: PGA Gain=1.
001: PGA Gain = 2.
010: PGA Gain =4,
011: PGA Gain = 8.
100: PGA Gain = 16.
101: PGA Gain = 32.
110: PGA Gain = 64.
111: PGA Gain = 128.

This SFR can only be modified when ADCO is in IDLE mode.
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SFR Definition 5.2. ADCOCF: ADCO0 Configuration

R R R R/W R R/W R R Reset Value
— | — | — |ADOISEL] — |ADOVREF| — | —  |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: OxFB

Bits 7-5: Unused: Read = 000b, Write = don’t care.

Bit 4: ADOISEL: ADCQO Interrupt Source Select.
This bit selects which filter completion will set the ADOINT interrupt flag.
0: SINC3 filter.
1: FAST filter.

Bit 3: Unused: Read = 0b, Write = don’t care.

Bit 2: ADOVREF: ADCO VREF Source Select.
0: ADCO uses the internal VREF (2.5 V). Setting this bit to ‘0’ enables the internal Voltage
Reference.
1: ADCO uses an external VREF.

Bits 1-0: Unused: Read = 00b, Write = don’t care.

This SFR can only be modified when ADCO is in IDLE mode.
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SFR Definition 5.3. ADCOMD: ADC0O Mode

R/W R R/W R/W R R/W R/W R/W Reset Value
ADOEN —  |Reserved |Reserved| — | ADOSM 00000000
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: OxF3

Bit 7: ADOEN: ADCO Enable Bit.
0: ADCO Disabled. ADC is in low-power shutdown.
1: ADCO Enabled. ADC is active and ready to perform calibrations or conversions.
Note: Disabling the ADC automatically resets the ADOSM bits back to the "Idle" state.
Bit 6: Unused: Read = Ob, Write = don’t care.
Bits 5—4: RESERVED: Must Write to 00b.
Bit 3: Unused: Read = Ob, Write = don’t care.
Bits 2—0: ADOSM: ADCO System Mode Select.
These bits define the operating mode for the ADC. They are used to initiate all ADC conver-
sion and calibration cycles.
000: Idle
001: Full Internal Calibration (offset and gain).
010: Single Conversion.
011: Continuous Conversion.
100: Internal Offset Calibration.
101: Internal Gain Calibration.
110: System Offset Calibration.
111: System Gain Calibration.

Note: Any system mode change by the user during a conversion or calibration will
terminate the operation, and corrupt the result. To write to many of the other ADC reg-
isters, the ADOSM bits must be set to IDLE mode (000b).

Note: During an ADC conversion or calibration, the ADOSM bits may return intermedi-
ate values if they are read. It is not recommended to use these bits as indicator of the
ADC status. Only the ADCOSTA register should be used as indicator of the ADC sta-

tus.
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SFR Definition 5.4. ADCOCLK: ADCO0 Modulator Clock Divisor

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
ADCOCLK 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: OxXF7

Bits 7-0: ADCOCLK: ADCO Modulator Clock Divisor.
This register establishes the Modulator Clock (MDCLK), by dividing down the system clock
(SYSCLK). The input signal is sampled by the modulator at a frequency of MDCLK / 128.
For optimal performance, the divider should be chosen such that the modulator clock is
equal to 2.4576 MHz (modulator sampling rate = 19.2 kHz).

The system clock is divided according to the equation:
MDCLK = SYSCLK/ (ADCOCLK + 1)

Note: The Modulator Sampling Rate is not the ADC Output Word Rate. See Section 5.1.4 for
details.

SFR Definition 5.5. ADCODECH: ADCO Decimation Ratio Register High Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| — | — | — | — | — | DECHO]| DECI9 | DECI8 |00000111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0x9B

Bits 7-3: Unused: Read = 00000b, Write = don’t care.

Bits 2—0: DECI[10:8]: ADCO Decimation Ratio Register, Bits 10-8.
This register contains the high bits of the 11-bit ADC Decimation Ratio. The decimation ratio
determines the output word rate of ADCO, based on the Modulator Clock (MDCLK). See the
ADCODECL register description for more information.

This SFR can only be modified when ADCO is in IDLE mode.
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SFR Definition 5.6. ADCODECL: ADCO Decimation Ratio Register Low Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| DECI7 | DECI6 | DECI5 | DECI4 | DECI3 | DECI2 | DECHM | DECIO | 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0x9A
Bits 7-0: DECI[7:0]: ADCO Decimation Ratio Register, Bits 7-0.
This register contains the low byte of the 11-bit ADC Decimation Ratio. The decimation ratio
determines the number of modulator input samples used to generate a single output word
from the ADC.
The ADCO decimation ratio is defined as:
Decimation Ratio = DECI[10:0] + 1
The corresponding sampling period and output word rate of ADCO is:
ADCO Conversion Period = [(DECI[10:0] + 1) * 128] / MDCLK
ADCO Output Word Rate = MDCLK / [128 * (DECI[10:0] + 1)]
The minimum decimation ratio setting is 20. Any register setting below 19 will automatically
be interpreted as 19.
Important: When using the fast filter, the decimation ratio must be divisible by 8

(DECI[2:0] = 111D).

This SFR can only be modified when ADCO is in IDLE mode.

SFR Definition 5.7. ADCODAC: ADCO0 Offset DAC

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
ADCODAC 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0OxBF

Bits 7-0: ADCODAC: ADCO PGA Offset DAC Magnitude.
This register determines the ADCO Offset DAC Magnitude. The value in the offset DAC is a
signed-magnitude representation. Bit 7 represents the sign value (0 = positive, 1 = nega-
tive), while Bits 6—0 represent the magnitude.

This SFR can only be modified when ADCO is in IDLE mode.
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SFR Definition 5.8. ADCOBUF: ADCO Input Buffer Control

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
ADOBPHE|ADOBPLE | ADOBPS |ADOBNHE|ADOBNLE | ADOBNS /00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xBD

Bit 7: ADOBPHE: Positive Channel High Buffer Enable.
0: Positive Channel High Input Buffer Disabled.
1: Positive Channel High Input Buffer Enabled.
Bit 6: ADOBPLE: Positive Channel Low Enable.
0: Positive Channel Low Input Buffer Disabled.
1: Positive Channel Low Input Buffer Enabled.
Bits 5—4: ADOBPS: Positive Channel Input Selection.
00 = Bypass Input Buffer (default).
01 = Select Low Input Buffer Range.
10 = Select High Input Buffer Range.
11 = Reserved.
Bit 3: ADOBNHE: Negative Channel High Buffer Enable.
0: Negative Channel High Input Buffer Disabled.
1: Negative Channel High Input Buffer Enabled.
Bit 2: ADOBNLE: Negative Channel Low Enable.
0: Negative Channel Low Input Buffer Disabled.
1: Negative Channel Low Input Buffer Enabled.
Bits 1-0: ADOBNS: Negative Channel Input Selection.
00 = Bypass Input Buffer (default).
01 = Select Low Input Buffer Range.
10 = Select High Input Buffer Range.
11 = Reserved.

This SFR can only be modified when ADCO is in IDLE mode.
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SFR Definition 5.9. ADCOSTA: ADCO Status

R R R/W R/W R/W R/W R/W R/W Reset Value
ADOBUSY|ADOCBSY| ADOINT | ADOS3C | ADOFFC |ADOCALC| ADOERR | ADOOVR |00000000
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit1 Bit0 Ad drSsitsabIe

SFR Address: 0XE8

Bit 7: ADOBUSY: ADCO Conversion In-Progress Flag.
0: ADCQO is not performing conversions.
1: ADCO conversion in progress.
Bit 6: ADOCBSY: ADCO Calibration In-Progress Flag.
0: ADCO is not performing a calibration.
1: ADCO calibration in progress.
Bit 5: ADOINT: ADCO Conversion Complete Interrupt Flag.
This flag must be cleared in software.
0: ADCO has not completed a conversion since the last time this flag was cleared.
1: ADCO conversion is complete.
Bit 4: ADOS3C: ADCO SINCS3 Filter Clip Flag.
This error flag indicates that a clip has occurred in the SINC3 filter during the conversion
process.
0: ADCO SINCS filter clip did not occur.
1: ADCO SINCS3 filter clip occurred during conversion.
Bit 3: ADOFFC: ADCO Fast Filter Clip Flag.
This error flag indicates that a clip has occurred in the fast filter during the conversion pro-
cess.
0: ADCO fast filter clip did not occur.
1: ADCO fast filter clip occurred during conversion.
Bit 2: ADOCALC: ADCO Calibration Complete Flag.
0: ADCO calibration not complete.
1: ADCO calibration complete.
Bit 1: ADOERR: ADCO Error Flag
This bit is set by hardware under the following conditions:
1) A conversion cycle produced an ADOOVR, ADOS3C, or ADOFFC error.
2) A calibration cycle produced a result that is beyond the limits of the offset or gain
register.
0: ADCO error did not occur.
1: ADCO error occurred.
Bit O: ADOOVR: ADCOQ Overrun Flag
This error flag indicates an overrun condition.
0: ADCO Overrun did not occur.
1: ADCO Overrun occurred.
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SFR Definition 5.10. ADCOCOH: ADCO Offset Calibration Register High Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| OCAL23 | OCAL22 | OCAL21 | OCAL20 | OCAL19 | OCAL18 | OCAL17 | OCAL16 |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0OxBC

Bits 7-0: OCAL[23:16]: ADCO Offset Calibration Register High Byte.
This register contains the high byte of the 24-bit ADC Offset Calibration Value.

SFR Definition 5.11. ADCOCOM: ADCO0 Offset Calibration Register Middle Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| OCAL15 | OCAL14 | OCAL13 | OCAL12 | OCAL11 | OCAL10 | OCAL9 | OCAL8 |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xBB

Bits 7-0: OCAL[15:8]: ADCO Offset Calibration Register Middle Byte.
This register contains the middle byte of the 24-bit ADC Offset Calibration Value.

SFR Definition 5.12. ADCOCOL: ADCO0 Offset Calibration Register Low Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| OCAL7 | OCAL6 | OCAL5 | OCAL4 | OCAL3 | OCAL2 | OCAL1 | OCALO |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: OXBA

Bits 7-0: OCAL[7:0]: ADCO Offset Calibration Register Low Byte.
This register contains the low byte of the 24-bit ADC Offset Calibration Value.
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SFR Definition 5.13. ADCOCGH: ADCO0 Gain Calibration Register High Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| GCAL23 | GCAL22 | GCAL21 | GCAL20 | GCAL19 | GCAL18 | GCAL17 | GCAL16 | Variable
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 10000000

SFR Address: 0OXAD

Bits 7-0: GCAL[23:16]: ADCO Gain Calibration Register High Byte.
This register contains the high byte of the 24-bit ADC Gain Calibration Value.

SFR Definition 5.14. ADCOCGM: ADCO0 Gain Calibration Register Middle Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| GCAL15 | GCAL14 | GCAL13 | GCAL12 | GCAL11 | GCAL10 | GCAL9 | GCAL8 |00000000
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0XAC

Bits 7-0: GCAL[15:8]: ADCO Gain Calibration Register Middle Byte.
This register contains the middle byte of the 24-bit ADC Gain Calibration Value.

SFR Definition 5.15. ADCOCGL: ADCO Gain Calibration Register Low Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| GCAL7 | GCAL6 | GCAL5 | GCAL4 | GCAL3 | GCAL2 | GCAL1 | GCALO |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0XAB

Bits 7-0: GCAL[7:0]: ADCO Gain Calibration Register Low Byte.
This register contains the low byte of the 24-bit ADC Gain Calibration Value.
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SFR Definition 5.16. ADCOH: ADCO Conversion Register (SINC3 Filter) High Byte

R/wW R/wW R/wW R/wW R/W R/wW R/W R/W Reset Value

| ADCOH 00000000
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0XC5

Bits 7-0: ADCOH: ADCO Conversion Register (SINC3 Filter) High Byte.

C8051F350/1: This register contains bits 23—16 of the 24-bit ADC SINC3 filter conversion
result.

C8051F352/3: This register contains bits 15-8 of the 16-bit ADC SINC3 filter conversion
result.

SFR Definition 5.17. ADCOM: ADCO Conversion Register (SINC3 Filter) Middle Byte

R/wW R/wW R/wW R/wW R/W R/wW R/W R/W Reset Value

| ADCOM 00000000
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xC4

Bits 7-0: ADCOM: ADCO Conversion Register (SINC3 Filter) Middle Byte.

C8051F350/1: This register contains bits 15-8 of the 24-bit ADC SINC3 filter conversion
result.

C8051F352/3: This register contains bits 7-0 of the 16-bit ADC SINC3 filter conversion
result.

SFR Definition 5.18. ADCOL: ADCO Conversion Register (SINC3 Filter) Low Byte

R/wW R/W R/W R/wW R/W R/W R/wW R/W Reset Value

| ADCOL /00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xC3

Bits 7-0: ADCOL: ADCO Conversion Register (SINC3 Filter) Low Byte.

C8051F350/1: This register contains bits 7-0 of the 24-bit ADC SINC3 filter conversion
result.

C8051F352/3: This register contains all zeros (00000000b).
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SFR Definition 5.19. ADCOFH: ADCO Conversion Register (Fast Filter) High Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| ADCOFH | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: OxXFE

Bits 7-0: ADCOFH: ADCO0 Conversion Register (Fast Filter) High Byte.

C8051F350/1: This register contains bits 23—16 of the 24-bit ADC fast filter conversion
result.

C8051F352/3: This register contains bits 15—-8 of the 16-bit ADC fast filter conversion result.

SFR Definition 5.20. ADCOFM: ADCO Conversion Register (Fast Filter) Middle Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| ADCOFM | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: OxFD

Bits 7-0: ADCOFM: ADCO Conversion Register (Fast Filter) Middle Byte.

C8051F350/1: This register contains bits 158 of the 24-bit ADC fast filter conversion result.
C8051F352/3: This register contains bits 7-0 of the 16-bit ADC fast filter conversion result.

SFR Definition 5.21. ADCOFL: ADCO Conversion Register (Fast Filter) Low Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| ADCOFL /00000000
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xFC

Bits 7-0: ADCOFL: ADCO Conversion Register (Fast Filter) Low Byte.

C8051F350/1: This register contains bits 7-0 of the 24-bit ADC fast filter conversion result.
C8051F352/3: This register contains all zeros (00000000b).
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5.6. Analog Multiplexer

ADCO includes analog multiplexer circuitry with independent selection capability for the AIN+ and AIN—
inputs. Each input can be connected to one of ten possible input sources: AIN0.0 though AINO.7, AGND, or
the on-chip temperature sensor circuitry (Figure 5.5). The ADCOMUX register (SFR Definition 5.22) con-
trols the input mux selection for both input channels. The multiplexer configuration allows for measurement
of single-ended or differential signals. A single-ended measurement can be performed by connecting one
of the ADC inputs to AGND. Additionally, the temperature sensor can be measured in single-ended or dif-
ferential mode. The temperature sensor is automatically enabled when it is selected with the ADC multi-
plexer. See Section “8. Temperature Sensor’ on page 71 for more details on the temperature sensor.

ADCOMUX
AIN0.2 [X— |<<<<||<<<<|
AINO.3 [X—> I
AINO.4 [X—> J
AINO.5 X—> 1
AINO.6 [X—>
AINO.7 X —>
Temperature M AGND |Z|_>/ $> ADCO
Sensor AINO.0 [X—) \£ —
Temp- AIN-
AINO.1 [X—>
AINO.2 [X—>
AINO.3 [X—>
AINO.4 [X—>
AINO.5 X—>
AIN0.6 [X—>
AINO.7 X —>
AGND X}——

Figure 5.5. ADCO Multiplexer Connections

Rev. 1.2 55

SILICON LABS



C8051F350/1/2/3

SFR Definition 5.22. ADCOMUX: ADCO0 Analog Multiplexer Control

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| ADOPSEL \ ADONSEL /00000000
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit1 Bit0

Bits 7—4: ADOPSEL: ADCO Positive Multiplexer Channel Select.

0000 = AINO.0

0001 = AINO.1

0010 = AINO.2

0011 = AINO.3

0100 = AINO.4

0101 = AINO.5

0110 = AINO.6

0111 = AINO.7

1111 = Temperature Sensor
All Other Settings = AGND

Bits 3-0: ADONSEL: ADCO Negative Multiplexer Channel Select.

0000 = AINO.0

0001 = AINO.1

0010 = AINO.2

0011 = AINO.3

0100 = AINO.4

0101 = AINO.5

0110 = AINO.6

0111 = AINO.7

1111 = Temperature Sensor
All Other Settings = AGND

This SFR should only be modified when ADCO is in IDLE mode.

SFR Address: 0xC6
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Table 5.3. ADCO Electrical Characteristics

Vpp = AV+ =3.0V, VREF = 2.5V External, PGA Gain = 1, MDCLK = 2.4576 MHz,

Decimation Ratio = 1920, —40 to +85 °C unless otherwise noted.

Parameter | Conditions Min Typ Max Units
24-bit ADC (C8051F350/1)
Resolution 24 bits
No Missing Codes 24 bits
16-bit ADC (C8051F352/3)
Resolution 16 bits
No Missing Codes 16 bits
All Devices
Integral Nonlinearity o o 15 ppm
FS
Offset Error (Calibrated) — 5 — ppm
Offset Drift vs. Temperature o 10 o Q\é/
Gain Error (Calibrated) — +0.002 — %
Gain Drift vs. Temperature o *0.5 o pE(T/
Modulator Clock (MDCLK) — 2.4576 — MHz
Modulator Sampling Frequency MDCLK/128 Hz
Output Word Rate — — 1000 sps
Analog Inputs
Analog Input Voltage Range PGA Gain = 1, Bipolar | —-VREF — +VREF \%
(AIN+ — AIN-) PGA Gain = 1, Unipolar 0 — +VREF
Absolute Voltage on AIN+ or AIN— Input Buffers OFF 0 — AV+ \%
pin with respect to AGND
Input Current Input Buffer ON — +1.5 30 nA
Inout Impedance Input Buffer OFF, — 7 — MQ
put fmp Gain = 1
S . DC 95 110 — dB
Common Mode Rejection Ratio 50/60 Hz 100 o 4B
Input Buffers
PGA Gain=1,2,4,0r8 1.4 — AV+ - 0.1 \Y,
High Buffer Input Range with respect PGA Gain = 16 1.45 — AV+ —-0.15 \Y%
to AGND PGA Gain = 32 1.5 — AV+-0.2 \Y,
PGA Gain = 64 or 128 1.6 — AV+—0.25 \Y,
PGA Gain=1,2,4,0r8 0.1 — AV+—1.4 \Y,
Low Buffer Input Range with respect PGA Gain = 16 0.15 — AV+ —1.45 \%
to AGND PGA Gain = 32 0.2 — AV+-15 \Y,
PGA Gain = 64 or 128 0.25 — AV+ - 1.6 \Y,
Burnout Current Sources
Positive (AIN+) Channel Current VREF =25V 0.9 2 29 MA
Negative (AIN-) Channel Current VREF =25V -0.9 -2 -2.9 MA
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Table 5.3. ADCO Electrical Characteristics (Continued)
Vpp = AV+ =3.0V, VREF = 2.5V External, PGA Gain = 1, MDCLK = 2.4576 MHz,
Decimation Ratio = 1920, —40 to +85 °C unless otherwise noted.

Parameter | Conditions ‘ Min ‘ Typ Max Units
Power Specifications
AV+ Supply Current to ADCO — 230 650 MA
AV+ Supply Current to Input Buffers .
(Each Enabled Buffer) 90 125 WA
Power Supply Rejection 80 — — dB

Table 5.4. ADCO SINC3 Filter Typical RMS Noise (uV)

Decimation | Output Word PGA Gain Setting
Ratio Rate* 1 2 4 8 16 32 64 128
1920 10 Hz 2.38 1.23 0.68 0.41 0.24 0.16 0.12 0.11
768 25 Hz 3.90 2.04 1.14 0.68 0.44 0.33 0.28 0.27
640 30 Hz 4.50 2.39 1.31 0.81 0.54 0.42 0.36 0.36
384 50 Hz 6.00 3.21 1.86 1.20 0.86 0.73 0.66 0.66
320 60 Hz 7.26 3.96 2.32 1.51 1.1 0.97 0.89 0.89
192 100 Hz 13.1 7.11 4.24 2.85 2.16 1.91 1.79 1.77
80 240 Hz 93.2 47.7 24.8 13.9 9.34 7.61 6.97 6.67
40 480 Hz 537 267 135 69.5 38.8 25.7 20.9 18.9
20 960 Hz 2974 1586 771 379 196 108 70.0 454
*Note: Output Word Rate assuming Modulator Clock frequency = 2.4576 MHz
(sampling clock frequency = 19.2 kHz)
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Table 5.5. ADCO SINC3 Filter Effective Resolution’
in Unipolar Mode (bits)

Decimation | Output Word PGA Gain Setting
Ratio Rate? 1 2 4 8 16 32 64 128
1920 10 Hz 20.00 | 19.95 | 19.81 19.54 | 19.31 18.90 | 18.31 17.44
768 25 Hz 19.29 | 19.22 | 19.06 | 18.81 18.44 | 17.85 | 17.09 | 16.14
640 30 Hz 19.08 | 19.00 | 18.86 | 18.56 | 18.14 | 17.51 16.73 | 15.73
384 50 Hz 18.67 | 18.57 | 18.36 | 17.99 | 1747 | 16.71 15.85 | 14.85
320 60 Hz 18.39 | 18.27 | 18.04 | 17.66 | 17.10 | 16.30 | 1542 | 14.42
192 100 Hz 1754 | 1742 | 1717 | 16.74 | 16.14 | 1532 | 14.41 13.43
80 240 Hz 14.71 1468 | 1462 | 14.46 | 14.03 | 13.33 | 1245 | 11.52
40 480 Hz 1218 | 1219 | 1218 | 12.13 | 11.98 11.57 | 10.87 | 10.01
20 960 Hz 9.72 9.62 9.66 9.69 9.64 9.50 9.12 8.75
NOt‘T s Effective resolution = logz(FuFI{II:AnSp llj\ltg{éz?\%v))
where Full Input Range = % in Unipolar mode and RMS Noise is obtained from Table 5.4.

2. Output Word Rate assuming Modular Clock frequency = 2.4576 MHz
(sampling clock frequency = 19.2 kHz)

Table 5.6. ADCO SINC3 Filter Flicker-Free (Noise-Free) Resolution’
in Unipolar Mode (bits)

Decimation | Output Word PGA Gain Setting
Ratio Rate? 1 2 4 8 16 32 64 128
1920 10 Hz 1728 | 17.23 | 17.09 | 16.82 | 16.59 | 16.17 | 1559 | 14.72
768 25 Hz 16.57 | 16.50 | 16.34 | 16.09 | 15.72 | 1513 | 14.37 | 13.42
640 30 Hz 16.36 | 16.27 | 16.14 | 15.84 | 1542 | 14.78 | 14.00 | 13.00
384 50 Hz 1595 | 1585 | 15.64 | 15.27 | 1475 | 13.99 | 13.13 | 12.13
320 60 Hz 1567 | 1555 | 1532 | 1494 | 1438 | 13.57 | 12.70 11.70
192 100 Hz 1482 | 1470 | 1445 | 14.02 | 1342 | 12.60 11.69 | 10.71
80 240 Hz 11.99 11.96 11.90 11.73 11.31 10.60 9.73 8.79
40 480 Hz 9.46 9.47 9.45 9.41 9.25 8.85 8.15 7.29
20 960 Hz 6.99 6.90 6.94 6.96 6.92 6.78 6.40 6.03
NOt1e.s.FIicker-free (Noise-free) Resolution = logz(gzllllgvsml\?:gz((\\//)
where Full Input Range = % in Unipolar mode and RMS Noise is obtained from Table 5.4.

2. Output Word Rate assuming Modular Clock frequency = 2.4576 MHz (sampling clock frequency = 19.2 kHz)
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Table 5.7. ADCO Fast Filter Typical RMS Noise (pV)

Decimation | Output Word PGA Gain Setting
Ratio Rate* 1 2 4 8 16 32 64 128
1920 10 Hz 4.84 2.68 1.55 1.03 0.75 0.61 0.56 0.58
768 25 Hz 17.92 | 9.77 5.85 3.72 2.79 2.45 2.28 2.21
640 30 Hz 29.98 | 14.84 | 7.81 5.39 3.89 3.27 3.19 3.03
384 50 Hz 103.93 | 48.53 | 25.71 | 14.07 | 9.24 717 6.45 6.06
320 60 Hz 171.12 | 89.87 | 4299 | 23.05 | 13.81 | 10.33 | 9.00 8.52
192 100 Hz 550.29 | 305.55 | 140.58 | 72.90 | 40.97 | 25,52 | 19.96 | 17.68
*Note: Output Word Rate assuming Modulator Clock frequency = 2.4576 MHz
(sampling clock frequency = 19.2 kHz)
Table 5.8. ADCO Fast Filter Effective Resolution’ in Unipolar Mode (bits)
Decimation | Output Word PGA Gain Setting
Ratio Rate? 1 2 4 8 16 32 64 128
1920 10 Hz 18.98 | 18.83 | 18.62 | 18.21 | 17.67 | 16.97 | 16.09 | 15.04
768 25 Hz 17.09 | 16.97 | 16.71 | 16.36 | 15.77 | 1496 | 14.06 | 13.11
640 30 Hz 16.35 | 16.36 | 16.29 | 1582 | 1529 | 14.54 | 13.58 | 12.65
384 50 Hz 1455 | 14.65 | 14.57 | 1444 | 1405 | 1341 | 1256 | 11.65
320 60 Hz 13.83 | 13.76 | 13.83 | 13.73 | 13.47 | 12.88 | 12.08 | 11.16
192 100 Hz 12.15 | 12.00 | 12.12 | 12.07 | 11.90 | 11.58 | 10.93 | 10.11
Notes:

1. Effective Resolution = logz(

where Full Input Range =

FulllnputRange(V)

RMS Noise(V)
VREF
PGA Gain

)

in Unipolar mode and RMS Noise is obtained from Table 5.7.

2. Output Word Rate assuming Modular Clock frequency = 2.4576 MHz (sampling clock frequency = 19.2 kHz)
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Table 5.9. ADCO Fast Filter Flicker-Free (Noise-Free) Resolution’
in Unipolar Mode (bits)

Decimation | Output Word PGA Gain Setting
Ratio Rate? 1 2 4 8 16 32 64 128
1920 10 Hz 16.26 | 16.11 | 1590 | 15.49 | 14.95 | 14.24 | 13.37 | 12.32
768 25Hz 14.37 | 14.24 | 13.98 | 13.64 | 13.05 | 1224 | 11.34 | 10.39
640 30 Hz 13.63 | 13.64 | 13.57 | 13.10 | 12,57 | 11.82 | 10.86 9.93
384 50 Hz 11.83 | 1193 | 1185 | 11.72 | 11.32 | 10.69 9.84 8.93
320 60 Hz 11.11 11.04 | 11.11 11.00 | 10.74 | 10.16 9.36 8.44
192 100 Hz 9.43 9.28 9.40 9.34 9.17 8.86 8.21 7.39
NOt’?.s.FIicker-free (Noise-free) Resolution = lo&(;yygf\)ﬂusml\?:i%i((\\//)
where Full Input Range = % in Unipolar mode and RMS Noise is obtained from Table 5.7.

2. Output Word Rate assuming Modular Clock frequency = 2.4576 MHz (sampling clock frequency = 19.2 kHz)
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6. 8-Bit Current Mode DACS (IDAO and IDA1)

The C8051F350/1/2/3 devices include two 8-bit current-mode Digital-to-Analog Converters (IDACs). The
maximum current output of the IDACs can be adjusted for four different current settings; 0.25 mA, 0.5 mA,
1 mA, and 2 mA. The IDACs can be individually enabled or disabled using the enable bits in the corre-
sponding IDAC Control Register (IDAOCN or IDA1CN). An internal bandgap bias generator is used to gen-
erate a reference current for the IDACs whenever they are enabled. IDAC updates can be performed on-
demand, scheduled on a Timer overflow, or synchronized with an external pin edge. Figure 6.1 shows a
block diagram of the IDAC circuitry.

<f):: Ol |N|™ |n_:
TDAREN SlE|E|EIE|S
IDAnCM2 FIFEFIFZ
~ [_IDANCMT
Q [(IDAnCMO /
< [[IDAnCSC
9 | M
IDAnOMDT | | A
IDANOMDO | |
Y
YVY
c|s, | s 8 > IDAR
< oyl
o & g 7 Output
Figure 6.1. IDAC Functional Block Diagram
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6.1. IDAC Output Scheduling

A flexible output update mechanism allows for seamless full-scale changes and supports jitter-free
updates for waveform generation. Three update modes are provided, allowing IDAC output updates on a
write to the IDAC’s data register, on a Timer overflow, or on an external pin edge.

6.1.1. Update Output On-Demand

In its default mode (IDANCN.[6:4] = “111’) the IDAC output is updated “on-demand” with a write to the data
register (IDAN). In this mode, data is immediately latched into the IDAC after a write to its data register.

6.1.2. Update Output Based on Timer Overflow

The IDAC output update can be scheduled on a Timer overflow. This feature is useful in systems where the
IDAC is used to generate a waveform of a defined sampling rate, by eliminating the effects of variable
interrupt latency and instruction execution on the timing of the IDAC output. When the IDANCM bits
(IDANCN.[6:4]) are set to ‘000’, ‘001’, ‘010’ or ‘011’, writes to the IDAC data register (IDAn) are held until an
associated Timer overflow event (Timer 0, Timer 1, Timer 2 or Timer 3, respectively) occurs, at which time
the data register contents are copied to the IDAC input latch, allowing the IDAC output to change to the
new value.

6.1.3. Update Output Based on CNVSTR Edge

The IDAC output can also be configured to update on a rising edge, falling edge, or both edges of the
external CNVSTR signal. When the IDANCM bits (IDANCN.[6:4]) are set to “100’, “101’, or ‘“110’, writes to
the IDAC data register (IDAN) are held until an edge occurs on the CNVSTR input pin. The particular set-
ting of the IDANCM bits determines whether the IDAC output is updated on rising, falling, or both edges of
CNVSTR. When a corresponding edge occurs, the data register contents are copied to the IDAC input
latch, allowing the IDAC output to change to the new value.

6.2. IDAC Output Mapping

The data word mapping for the IDAC is shown in Figure 6.2. The full-scale output current of the IDAC is
selected using the IDANOMD bits (IDANCN[1:0]). By default, the IDAC is set to a full-scale output current of
0.25 mA. The IDANOMD bits can also be configured to provide full-scale output currents of 0.5 mA, 1 mA,
or 2 mA.

IDAn Data Word Output Current vs IDAnNOMD bit setting
(D7 - DO) “11° (2 mA) ‘10’ (1 mA) ‘01’ (0.5 mA) ‘00’ (0.25 mA)
0x00 0 mA 0 mA 0 mA 0 mA
0x01 1/256 x 2 mA 1/256 x 1 mA 1/256 x 0.5 mA 1/256 x 0.25 mA
0x80 128/256 x 2 mA 128/256 x 1 mA | 128/256 x 0.5 mA | 128/256 x 0.25 mA
OxFF 255/256 x 2 mA 255/256 x 1 mA | 255/256 x 0.5 mA |255/256 x 0.25 mA

Figure 6.2. IDAC Data Word Mapping
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SFR Definition 6.1. IDAOCN: IDAO Control

R/W

R/W R/W R/W R/W R

R/W R/W Reset Value

IDACEN

IDAOCM [IDAOCSC| — |

IDAOOMD 01110000

Bit7

Bit 7:

Bits 6—4:

Bit 3:

Bit 2:
Bits 1:0:

Bit6 Bit5 Bit4 Bit3 Bit2

IDAOEN: IDAO Enable.

0: IDAO Disabled.

1: IDAO Enabled.

IDAOCM[2:0]: IDAO Update Source Select bits.

000: DAC output updates on Timer 0 overflow.

001: DAC output updates on Timer 1 overflow.

010: DAC output updates on Timer 2 overflow.

011: DAC output updates on Timer 3 overflow.

100: DAC output updates on rising edge of CNVSTR.
101: DAC output updates on falling edge of CNVSTR.
110: DAC output updates on any edge of CNVSTR.
111: DAC output updates on write to IDAO.

IDAOCSC: IDAO Constant Supply Current.

0: Current draw on Vpp is dependent on IDAO Output Word.

1: Current draw on Vpp is independent of IDAO Output Word.

Unused. Read = Ob, Write = Don’t Care.
IDAOOMDI[1:0]: IDAO Output Mode Select bits.
00: 0.25 mA full-scale output current.

01: 0.5 mA full-scale output current.

10: 1.0 mA full-scale output current.

11: 2.0 mA full-scale output current.

Bit1 Bit0
SFR Address: 0xB9

SFR Definition 6.2. IDAO: IDAO Data Word

R/W

R/W R/W R/W R/W R/W

R/W R/W Reset Value

\ 00000000

Bit7

Bits 7-0:

Bit6 Bit5 Bit4 Bit3 Bit2

IDAO Data Word Bits.
Bits 7—0 hold the 8-bit IDAO Data Word.

Bit1 Bit0
SFR Address: 0x96
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SFR Definition 6.3. IDA1CN: IDA1 Control

R/W R/W R/W R/W R/W R R/W R/W Reset Value
IDA1EN IDA1CM [IDA1CSC| — | IDA1OMD 01110000
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xD7

Bit 7: IDA1EN: IDA1 Enable.
0: IDA1 Disabled.
1: IDA1 Enabled.
Bits 6-4: IDA1CM[2:0]: IDA1 Update Source Select bits.
000: DAC output updates on Timer 0 overflow.
001: DAC output updates on Timer 1 overflow.
010: DAC output updates on Timer 2 overflow.
011: DAC output updates on Timer 3 overflow.
100: DAC output updates on rising edge of CNVSTR.
101: DAC output updates on falling edge of CNVSTR.
110: DAC output updates on any edge of CNVSTR.
111: DAC output updates on write to IDA1.
Bit 3: IDA1CSC: IDA1 Constant Supply Current.
0: Current draw on Vpp is dependent on IDA1 Output Word.
1: Current draw on Vpp is independent of IDA1 Output Word.

Bit 2: Unused. Read = Ob, Write = Don’t Care.
Bits 1:0: IDA1OMDI1:0]: IDA1 Output Mode Select bits.
00: 0.25 mA full-scale output current.
01: 0.5 mA full-scale output current.
10: 1.0 mA full-scale output current.
11: 2.0 mA full-scale output current.

SFR Definition 6.4. IDA1: IDA1 Data Word

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ | \ \ | \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
SFR Address: 0xDD

Bits 7-0: IDA1 Data Word Bits.
Bits 7—0 hold the 8-bit IDA1 Data Word.
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6.3. IDAC External Pin Connections

The IDAO output is connected to P1.6, and the IDA1 output is connected to P1.7. When the enable bit for
an IDAC (IDANEN) is set to ‘0’, the IDAC output behaves as a normal GPIO pin. When the enable bit is set
to ‘1’, the digital output drivers and weak pull-up for the IDAC pin are automatically disabled, and the pin is
connected to the IDAC output. When using the IDACs, the IDAC pins should be skipped in the Crossbar by
setting the corresponding PnSKIP bits to a ‘1’. Figure 6.3 shows the pin connections for IDAO and IDA1.

IDACEN

IDA0 »———o"o—1PX] P16
IDA1EN

IDA1 »———o"o—1PX] P17

Figure 6.3. IDAC Pin Connections
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Table 6.1. IDAC Electrical Characteristics
—40 to +85 °C, Vpp = 3.0 V Full-scale output current set to 2 mA unless otherwise specified.

Parameter ‘ Conditions ‘ Min ‘ Typ Max Units
Static Performance
Resolution 8 bits
Integral Nonlinearity — +0.5 — LSB
Differential Nonlinearity Guaranteed Monotonic — 0.5 11 LSB
Output Compliance Range — — Vpp—1.2 \Y
Output Noise IOUT =2 mA; RLOAD =100 —_— 2 —_— nA/rtHz
Offset Error — 0 — LSB
Full Scale Output 2 mA Full Scale Setting 1.6 2.0 2.4 mA
Gain-Error Tempco — 4 — MA/°C
VDD Power Supply Rejection - 30 — HANV
Ratio
Output Capacitance — 2 — pF
Dynamic Performance
Output Settling Time to 1/2 LSB — 5 — [V
Startup Time — 5 — bS
, L 1 mA Full Scale Output Current — +1 — %
ger\]meVananon From 2 mA 0.5 mA Full Scale Output Current | — 1 — %
g 0.25 mA Full Scale Output Current | — t — %
Power Consumption
Power Supply Current louT = Current sourced from IDAC | — |[lgyT + 85|loyT + 130| WA
(IDAnCSC = 0)
2 mA Full Scale Output Current — 2085 2130 MA
Power Supply Current 1 mA Full Scale Output Current — 1085 1130 MA
(IDAnCSC =1) 0.5 mA Full Scale Output Current | — 585 630 MA
0.25 mA Full Scale Output Current | — 335 380 MA
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7. Voltage Reference

There are two voltage reference options for the C8051F350/1/2/3 ADCs: the internal 2.5 V reference volt-
age, or an external reference voltage (see Figure 7.1). The ADOVREF bit in the ADCOCF register selects
the reference source.

The internal voltage reference circuit consists of a 1.25 V, temperature stable bandgap voltage reference
generator and a gain-of-two output buffer amplifier, to produce a 2.5 V voltage reference. When the inter-
nal voltage reference is used, it is driven out on the VREF+ pin. In this configuration, the VREF—- must be
connected to the AGND pin external to the device. See Section “24. Revision Specific Behavior’ on
page 215 for more information. The internal voltage reference is enabled by setting the ADOEN bit in regis-
ter ADCOMD to ‘1’ and clearing the ADOVREF bit in register ADCOCF to ‘0’ (See Section “5. 24 or 16-Bit
Analog to Digital Converter (ADCO)’ on page 37). Electrical specifications for the internal voltage reference
and bias generators are given in Table 7.1.

The internal oscillator bias generator is automatically enabled whenever the internal oscillator is enabled.
For power requirement characterization, the BIASE bit in register REFOCN can also be used to enable the
internal oscillator bias generator, when the oscillator itself is not enabled. Likewise, the REFBE bit in regis-
ter REFOCN can be used to enable the internal bandgap generator, which is used by the ADC, the IDACs,
the Clock Multiplier, and the internal Voltage Reference. The internal reference bias generator is automati-
cally enabled whenever a peripheral requires it. See SFR Definition 7.1 for the REFOCN register descrip-
tion.

|
|
|
I |= Internal
| |G IOSCEN EN | Oscillator Bias |— ' 'nemal
S Oscillator
| o Generator
| o
| BIASE
| REFBE
| ADOEN —H\ Internal
| IDAGEN ER] Reference  [—» [0 A0 DACS.
I IDA1EN ﬁ/ Bias Generator uip
Bypass | MULEN
Capacitors |
(Recommended) | ADOEN
: ADOVREF j:)
______ EN v
External || ! g VREF+ 25V
Voltage :J_+ J_: | Reférence
Refe_rence :T T! L Buffer
(Optional) o VREF— ’
|
|
| >
VREF to ADC
| —
|
Figure 7.1. Reference Circuitry Block Diagram
®
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SFR Definition 7.1. REFOCN: Reference Control

R R R R R R R/W R/W Reset Value
— | — | — | = | — | — | BIASE | REFBE |00000000
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit1 Bit0

SFR Address: 0xD1

NOTE: Modification of this register is not necessary in most applications. The appropriate circuitry is
enabled when it is needed by a peripheral.

Bits7—2: Unused. Read = 000000b; Write = don’t care.
Bit1: BIASE: Internal Oscillator Bias Enable.
This bit is ORed with the Internal Oscillator Enable bit to enable the internal oscillator bias
generator.
0: Internal Oscillator Bias enable determined by Internal Oscillator Enable bit.
1: Internal Oscillator Bias Generator On.
BitO: REFBE: Internal Reference Bias Enable Bit.
This bit is ORed with the Enable bits for ADCO, IDACO, IDAC1, and the Clock Multiplier to
enable the internal bandgap generator.
0: Internal Reference Bias enable determined by individual component.
1: Internal Reference Bias enabled.
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Table 7.1. Voltage Reference Electrical Characteristics
Vpp = 3.0 V; —40 to +85 °C unless otherwise specified.

Parameter

| Conditions

‘ Min ‘ Typ ‘ Max ‘ Units

Internal Reference

Output Voltage 25 °C ambient 235 | 245 | 250 Vv
o To AGND — 9 — mA

VREF Short-Circuit Current To AV+ . 20 . UA

VREF Temperature Coefficient — 15 — ppm/°C

Load Regulation Load = 0 to 200 pA to AGND — 0.5 — | ppm/pA

VREF Turn-on Time 1 (0.01%) 4.7 yF tantalum, 0.1 .pF ceramic | — 3.9 — ms

bypass capacitors

VREF Turn-on Time 2 (0.01%) 0.1 yF ceramic bypass capacitor| — 400 — us

VREF Turn-on Time 3 (0.01%) no bypass capacitor — 3 — Ms

Power Supply Rejection — 50 — dB

External Reference

Input Voltage Range 1 25 AV+ \

(VREF+ - VREF-)

Voltage on VREF+ or VREF- pin 0 — AV+ \V;

with respect to AGND

Input Current VREF =25V — 2 — MA

Common Mode Rejection Ratio — 120 — dB

Power Specifications

Internal Reference Bias and Band — 106 135 pA

Gap Generator
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8. Temperature Sensor

The temperature sensor system consists of two diodes with different temperature properties and two con-
stant current sources. The two channels are connected to the ADC inputs internally, using the ADC’s ana-
log multiplexer. The temperature sensor system can be used in single-ended or differential mode to
measure the temperature of the C8051F350/1/2/3. Single channel measurements produce more output
voltage per degree C, but are not as linear as differential measurements. See Table 8.1 for temperature
sensor electrical characteristics.

The temperature sensor channels are automatically enabled when they are selected by the ADC multi-
plexer. To use the temperature sensor for a single-channel measurement, the ADC multiplexer should be
configured with one channel connected to the temperature sensor, and the other connected to AGND. For
a