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C8051F060/1/2/3/4/5/6/7
8K ISP FLASH MCU Family

Analog Peripherals

- Two 16-Bit SAR ADCs

d 16-bit resolution

. +0.75 LSB INL, guaranteed no missing codes

d Programmable throughput up to 1 Msps

d Operate as two single-ended or one differential con-
verter

d Direct memory access; data stored in RAM without
software overhead

d Data-dependent windowed interrupt generator

10-bit SAR ADC (C8051F060/1/2/3)

*  Programmable throughput up to 200 ksps

d 8 external inputs, single-ended or differential

d Built-in temperature sensor

Two 12-bit DACs (C8051F060/1/2/3)

. Can synchronize outputs to timers for jitter-free wave-
form generation

Three Analog Comparators

. Programmable hysteresis/response time

- Voltage Reference

- Precision VDD Monitor/Brown-Out Detector

On-Chip JTAG Debug & Boundary Scan

- On-chip debug circuitry facilitates full-speed, non-
intrusive in-circuit/in-system debugging

Provides breakpoints, single-stepping, watchpoints,
stack monitor; inspect/modify memory and registers
- Superior performance to emulation systems using
ICE-chips, target pods, and sockets

IEEE1149.1 compliant boundary scan

- Complete development kit

High Speed 8051 uC Core

- Pipelined instruction architecture; executes 70% of
instruction set in 1 or 2 system clocks

- Upto 25 MIPS throughput with 25 MHz clock

- Flexible Interrupt sources

Memory

- 4352 Bytes internal data RAM (4 k + 256)

- 64 kB (C8051F060/1/2/3/4/5), 32 kB (C8051F066/7)
Flash; In-system programmable in 512-byte sectors

- External 64 kB data memory interface with multi-
plexed and non-multiplexed modes (C8051F060/2/
4/6)

Digital Peripherals

- 59 general purpose I/O pins (C8051F060/2/4/6)

- 24 general purpose I/O pins (C8051F061/3/5/7)

- Bosch Controller Area Network (CAN 2.0B -
C8051F060/1/2/3)

- Hardware SMBus™ (12C™ Compatible), SPI™, and
two UART serial ports available concurrently

- Programmable 16-bit counter/timer array with
6 capture/compare modules

- 5 general purpose 16-bit counter/timers

- Dedicated watchdog timer; bi-directional reset pin
Clock Sources

- Internal calibrated precision oscillator: 24.5 MHz

- External oscillator: Crystal, RC, C, or clock
Supply Voltage .....cccccceevvviinnnnns 27t03.6V

- Multiple power saving sleep and shutdown modes
100-Pin and 64-Pin TQFP Packages Available
Temperature Range: -40 to +85 °C
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1. System Overview

The C8051F06x family of devices are fully integrated mixed-signal System-on-a-Chip MCUs with 59 digital
I/O pins (C8051F060/2/4/6) or 24 digital 1/0 pins (C8051F061/3/5/7), and two integrated 16-bit 1 Msps
ADCs. Highlighted features are listed below; refer to Table 1.1 for specific product feature selection.

* High-Speed pipelined 8051-compatible CIP-51 microcontroller core (up to 25 MIPS)

*  Two 16-bit 1 Msps ADCs with a Direct Memory Access controller

» Controller Area Network (CAN 2.0B) Controller with 32 message objects, each with its own indentifier
mask (C8051F060/1/2/3)

» In-system, full-speed, non-intrusive debug interface on-chip

» 10-bit 200 ksps ADC with PGA and 8-channel analog multiplexer (C8051F060/1/2/3)

e Two 12-bit DACs with programmable update scheduling (C8051F060/1/2/3)

* 64 kB (C8051F060/1/2/3/4/5) or 32 kB (C8051F066/7) of in-system programmable Flash memory

e 4352 (4096 + 256) bytes of on-chip RAM

» External Data Memory Interface with 64 kB direct address space (C8051F060/2/4/6)

* SPI, SMBus/I2C, and (2) UART serial interfaces implemented in hardware

» Five general purpose 16-bit Timers

» Programmable Counter/Timer Array with six capture/compare modules

*  On-chip Watchdog Timer, VDD Monitor, and Temperature Sensor

With on-chip VDD monitor, Watchdog Timer, and clock oscillator, the C8051F06x family of devices are truly
stand-alone System-on-a-Chip solutions. All analog and digital peripherals are enabled/disabled and con-
figured by user firmware. The Flash memory can be reprogrammed even in-circuit, providing non-volatile
data storage, and also allowing field upgrades of the 8051 firmware.

On-board JTAG debug circuitry allows non-intrusive (uses no on-chip resources), full speed, in-circuit
debugging using the production MCU installed in the final application. This debug system supports inspec-
tion and modification of memory and registers, setting breakpoints, watchpoints, single stepping, Run and
Halt commands. All analog and digital peripherals are fully functional while debugging using JTAG.

Each MCU is specified for 2.7 to 3.6 V operation over the industrial temperature range (-45 to +85 °C). The
C8051F060/2/4/6 are available in a 100-pin TQFP package and the C8051F061/3/5/7 are available in a
64-pin TQFP package (see block diagrams in Figure 1.1, Figure 1.2, Figure 1.3 and Figure 1.4).
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Table 1.1. Product Selection Guide
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1.1. CIP-51™ Microcontroller Core
1.1.1. Fully 8051 Compatible

The C8051F06x family of devices utilizes 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 core has all the peripherals included with a standard 8052, including
five 16-bit counter/timers, two full-duplex UARTSs, 256 bytes of internal RAM, 128 byte Special Function
Register (SFR) address space, and bit-addressable 1/0 Ports.

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 with a maximum system clock of 12-to-24 MHz. By contrast, the CIP-51 core exe-
cutes 70% of its instructions in one or two system clock cycles, with only four instructions taking more than
four system clock cycles.

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

With the CIP-51's maximum system clock at 25 MHz, it has a peak throughput of 25 MIPS. Figure 1.5
shows a comparison of peak throughputs of various 8-bit microcontroller cores with their maximum system
clocks.

25—

20—

MIPS

10—

B -

Silicon Labs  Microchip Philips ADuC812
CIP-51 PIC17C75x 80C51 8051
(25 MHz clk) (33 MHz clk) (33 MHz clk) (16 MHz clk)

Figure 1.5. Comparison of Peak MCU Execution Speeds
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1.1.3. Additional Features

The C8051F06x MCU family includes several key enhancements to the CIP-51 core and peripherals to
improve overall performance and ease of use in end applications.

The extended interrupt handler provides 22 interrupt sources into the CIP-51, allowing the numerous ana-
log and digital peripherals to interrupt the controller. An interrupt driven system requires less intervention
by the MCU, giving it more effective throughput. The extra interrupt sources are very useful when building
multi-tasking, real-time systems.

There are up to seven reset sources for the MCU: an on-board VDD monitor, a Watchdog Timer, a missing
clock detector, a voltage level detection from Comparator0O, a forced software reset, the CNVSTR2 input
pin, and the /RST pin. The /RST pin is bi-directional, accommodating an external reset, or allowing the
internally generated POR to be output on the /RST pin. Each reset source except for the VDD monitor and
Reset Input pin may be disabled by the user in software; the VDD monitor is enabled/disabled via the
MONEN pin. The Watchdog Timer may be permanently enabled in software after a power-on reset during
MCU initialization.

The MCU has an internal, stand alone clock generator which is used by default as the system clock after
any reset. If desired, the clock source may be switched on the fly to the external oscillator, which can use a
crystal, ceramic resonator, capacitor, RC, or external clock source to generate the system clock. This can
be extremely useful in low power applications, allowing the MCU to run from a slow (power saving) exter-
nal crystal source, while periodically switching to the fast (up to 25 MHz) internal oscillator as needed.

VDD

,,,,,,,,

| CNVSTR2

( :372); X’—H‘ Crossbar Supply
Lo~ Tcwstr Monitor
reset Supply X
enable) Reset - | RST
Timeout (wired-OR)
CPO+ Ei Comparator0 VDD Monitor
+ reset enable
- ired-OR
cpo- [G— g
reset
enable)
Missing WDT
Clock
Detector
(one-
shot) g
EN EN PRE
k) @ @
8 ©&3| |88
Internal =|g 25 23
Clock
Generator
(S:?’Slim Software Reset
XTALL oc CIP-51
osc b Mi [
Clock Select icrocontroller
XTAL2 Ei‘ Core System Reset

Extended Interrupt
Handler

Figure 1.6. On-Board Clock and Reset
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1.2. 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 CIP-51 SFR
address space contains up to 256 SFR Pages. In this way, the CIP-51 MCU can accommodate the many
SFRs required to control and configure the various peripherals featured on the device. 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.

The CIP-51 in the C8051F060/1/2/3/4/5/6/7 MCUs additionally has an on-chip 4 kB RAM block. The on-
chip 4 kB block can be addressed over the entire 64 k external data memory address range (overlapping
4 k boundaries). The C8051F060/2/4/6 also have an external memory interface (EMIF) for accessing off-
chip data memory or memory-mapped peripherals. External data memory address space can be mapped
to on-chip memory only, off-chip memaory only, or a combination of the two (addresses up to 4 k directed to
on-chip, above 4 k directed to EMIF). The EMIF is also configurable for multiplexed or non-multiplexed
address/data lines.

The MCU'’s program memory consists of 64 k (C8051F060/1/2/3/4/5) or 32 k (C8051F066/7) of Flash. This
memory may be reprogrammed in-system in 512 byte sectors, and requires no special off-chip program-
ming voltage. On the C8051F060/1/2/3/4/5, the 1024 bytes from addresses OxFCO00 to OxXFFFF are
reserved. There is also a single 128 byte Scratchpad Memory sector on all devices which may be used by
firmware for non-volatile data storage. See Figure 1.7 for the MCU system memory map.

PROGRAM/DATA MEMORY DATA MEMORY (RAM)

(FLASH)
C8051F060/1/2/3/4/5 OXFF INTERNAL DATA ADDRESS SPACE
0x1007F Scrachpad Memory Upper 128 RAM Special Function
0x10000 (data only) 0x80 (Indirect Addressing Registers
OXEEEF OX7F Only) (Direct Addressing OnIy)0
RESERVED I e
0xFC00 O dind L 2| "%
irect and Indirect
OXFBFF 0x30 Addressing) Up To
0x2F
FLASH o020 Lower 128 RAM 220 SFRPages
OxlF Bit Addressable (Direct and Indirect
(In-System X Addressing)
Programmable in 512 0x00 General Purpose
Byte Sectors) Registers
0x0000
C8051F066/7 EXTERNAL DATA ADDRESS SPACE
0x1007F|  Scrachpad Memory OXFFFE
0x10000 (data only)
OXFFFF
RESERVED Off-chip XRAM space
(C8051F060/2/4/6 Only)
0x8000
OX7FFF
FLASH
0x1000
(In-System OXOFFF
Programmable in 512 XRAM - 409_6 Bytes
Byte Sectors) (accessable using MOVX
0x0000 Y 0x0000 instruction)

Figure 1.7. On-Chip Memory Map
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1.3. JTAG Debug and Boundary Scan

The C8051F06x family has on-chip JTAG boundary scan and debug circuitry that provides non-intrusive,
full speed, in-circuit debugging using the production part installed in the end application, via the four-pin
JTAG interface. The JTAG port is fully compliant to IEEE 1149.1, providing full boundary scan for test and
manufacturing purposes.

Silicon Laboratories' debugging system supports inspection and modification of memory and registers,
breakpoints, watchpoints, a stack monitor, and single stepping. No additional target RAM, program mem-
ory, timers, or communications channels are required. All the digital and analog peripherals are functional
and work correctly while debugging. All the peripherals (except for the ADCs and SMBus) are stalled when
the MCU is halted, during single stepping, or at a breakpoint in order to keep them synchronized with
instruction execution.

The C8051F060DK development kit provides all the hardware and software necessary to develop applica-
tion code and perform in-circuit debugging with the C8051F06x MCUs. The kit includes a Windows (95 or
later) development environment, a serial adapter for connecting to the JTAG port, and a target application
board with a C8051F060 MCU installed. All of the necessary communication cables and a wall-mount
power supply are also supplied with the development kit. Silicon Labs’ debug environment is a vastly supe-
rior configuration for developing and debugging embedded applications compared to standard MCU emu-
lators, which use on-board "ICE Chips" and target cables and require the MCU in the application board to
be socketed. Silicon Labs' debug environment both increases ease of use and preserves the performance
of the precision, on-chip analog peripherals.

Silicon Labs Integrated
Development Environment

S
WINDOWS 95 OR LATER ﬁ.@'

JTAG (x4), VDD, GND

SEEL
Adapter

F060

Figure 1.8. Development/In-System Debug Diagram
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1.4. Programmable Digital I/O and Crossbar

Three standard 8051 Ports (0, 1, and 2) are available on the MCUs. The C8051F060/2/4/6 have 4 addi-
tional 8-bit ports (3, 5, 6, and 7), and a 3-bit port (port 4) for a total of 59 general-purpose I/O Pins. The
Ports behave like the standard 8051 with a few enhancements.

Each port pin can be configured as either a push-pull or open-drain output. Also, the "weak pull-ups" which
are normally fixed on an 8051 can be globally disabled, providing additional power saving capabilities for
low-power applications.

Perhaps the most unique enhancement is the Digital Crossbar. This is a large digital switching network that
allows mapping of internal digital system resources to Port I/O pins on PO, P1, P2, and P3.
(See Figure 1.9) Unlike microcontrollers with standard multiplexed digital /0O ports, all combinations of
functions are supported with all package options offered.

The on-chip counter/timers, serial buses, HW interrupts, comparator outputs, and other digital signals in
the controller can be configured to appear on the Port I/O pins specified in the Crossbar Control registers.
This allows the user to select the exact mix of general purpose Port I/O and digital resources needed for
the particular application.
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st] XBR3 PIMDIN,
Highest UARTO |g 2 POMDOUT, PIMDOUT,
jori < P2MDIN,_ P3VDIN P2MDOUT, P3VDOUT
Priomy Registers !
4 g Registers
SPI l
2 External
Priority Pins
- 2 Decoder N2  —
2 il 8 PO . Ei P0.0 Highest
£ ) > < > 1o s Priority
.
% PcA > Cells —JE PO.7
g >
k=2 Comptr. 2 ~
e Outputs > Digital v
: > —@——{X] PLo
5 “|Crossha | g, |PL[ & %
15 TO, T1, T2, > r <« 10 .
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T3EX, 8
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Figure 1.9. Digital Crossbar Diagram
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1.5.

Programmable Counter Array

The C8051F06x MCU family includes an on-board Programmable Counter/Timer Array (PCA) in addition
to the five 16-bit general purpose counter/timers. The PCA consists of a dedicated 16-bit counter/timer
time base with 6 programmable capture/compare modules. The timebase is clocked from one of six
sources: the system clock divided by 12, the system clock divided by 4, Timer O overflow, an External
Clock Input (ECI pin), the system clock, or the external oscillator source divided by 8.

Each capture/compare module can be configured to operate in one of six modes: Edge-Triggered Capture,
Software Timer, High Speed Output, Frequency Output, 8-Bit Pulse Width Modulator, or 16-Bit Pulse Width
Modulator. The PCA Capture/Compare Module 1/0 and External Clock Input are routed to the MCU Port I/

O via the Digital Crossbar.

SYSCLK/12
SYSCLK/4

Timer 0 Overflow PCA
ECI CLOCK

16-Bit Counter/Timer

A4

MUX

SYSCLK
External Clock/8

Capture/Compare Capture/Compare Capture/Compare Capture/Compare Capture/Compare Capture/Compare
Module 0 Module 1 Module 2 Module 3 Module 4 Module 5
m @] @] 0 (0] 0] 0]
0 m m m m m m
= x X X x X x
o - N w S o
L i
I
l Crossbar ‘
I I
D
ro T T T
! Port I/O !

Figure 1.10. PCA Block Diagram
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1.6. Controller Area Network

The C8051F060/1/2/3 devices feature a Controller Area Network (CAN) controller that implements serial
communication using the CAN protocol. The CAN controller facilitates communication on a CAN network
in accordance with the Bosch specification 2.0A (basic CAN) and 2.0B (full CAN). The CAN controller con-
sists of a CAN Core, Message RAM (separate from the C8051 RAM), a message handler state machine,
and control registers.

The CAN controller can operate at bit rates up to 1 Mbit/second. Silicon Labs CAN has 32 message
objects each having its own identifier mask used for acceptance filtering of received messages. Incoming
data, message objects and identifier masks are stored in the CAN message RAM. All protocol functions for
transmission of data and acceptance filtering is performed by the CAN controller and not by the C8051
MCU. In this way, minimal CPU bandwidth is used for CAN communication. The C8051 configures the
CAN controller, accesses received data, and passes data for transmission via Special Function Registers
(SFR) in the C8051.

CANTX CANRX
C8051F060/1/2/3

B __ by _____ CBOSITRROREE ;

|
|
| CAN Controller C :
| 8 |
| 0 |1
| 5 |
| 1|
' |
|

|
|
| s |
| REGISTERS |<4—| & :
| 's

|
| M| |
| 1 e ||
| U
| |
- |

Figure 1.11. CAN Controller Overview
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1.7. Serial Ports

The C8051F06x MCU Family includes two Enhanced Full-Duplex UARTSs, an enhanced SPI Bus, and
SMBus/I2C. Each of the serial buses is fully implemented in hardware and makes extensive use of the
CIP-51's interrupts, thus requiring very little intervention by the CPU. The serial buses do not "share"
resources such as timers, interrupts, or Port 1/0, so any or all of the serial buses may be used together with
any other.
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1.8. 16-Bit Analog to Digital Converters

The C8051F060/1/2/3/4/5/6/7 devices have two on-chip 16-bit SAR ADCs (ADCO and ADC1), which can
be used independently in single-ended mode, or together in differential mode. ADCO and ADC1 can
directly access on-chip or external RAM, using the DMA interface. With a maximum throughput of 1 Msps,
the ADCs offer 16 bit performance with two available linearity grades. ADCO and ADC1 each have the
capability to use dedicated, on-chip voltage reference circuitry or an external voltage reference source.

The ADCs are under full control of the CIP-51 microcontroller via the associated Special Function Regis-
ters. The system controller can also put the ADCs into shutdown mode to save power.

Conversions can be started in four ways; a software command, an overflow of Timer 2, an overflow of
Timer 3, or an external signal input. This flexibility allows the start of conversion to be triggered by software
events, external HW signals, or a periodic timer overflow signal. The two ADCs can operate independently,
or be synchronized to perform conversions at the same time. Conversion completions are indicated by sta-
tus bits, and can generate interrupts. The resulting 16-bit data words are latched into SFRs upon comple-
tion of a conversion. A DMA interface is also provided, which can gather conversions from the ADCs, and
directly store them to on-chip or external RAM.

ADCO also contains Window Compare registers, which can be configured to interrupt the controller when
ADCO data is within or outside of a specified range. ADCO can monitor a key voltage continuously in back-
ground mode, and not interrupt the controller unless the converted data is within the specified window.

Write to ADOBUSY
Timer 3 Overflow
CNVSTRO

Timer 2 Overflow

Start Conversion

REF

AINO
ADCO
Window
Compare
AINOG Logic
(DC, -0.2 t0 0.6 V)
Configuration and Control ADC Data DMA
Registers Registers Interface

AIN1

Write to AD1BUSY
Timer 3 Overflow
CNVSTR1

Timer 2 Overflow
Write to ADOBUSY

AIN1G

(DC, -0.2t0 0.6 V) Start Conversion

REF

Figure 1.12. 16-Bit ADC Block Diagram
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1.9. 10-Bit Analog to Digital Converter

The C8051F060/1/2/3 devices have an on-board 10-bit SAR ADC (ADC2) with a 9-channel input multi-
plexer and programmable gain amplifier. This ADC features a 200 ksps maximum throughput and true 10-
bit performance with an INL of £1LSB. Eight input pins are available for measurement and can be pro-
grammed as single-ended or differential inputs. Additionally, the on-chip temperature sensor can be used
as an input to the ADC. The ADC is under full control of the CIP-51 microcontroller via the Special Function
Registers. The ADC2 voltage reference is selected between the analog power supply (AV+) and the exter-
nal VREF2 pin. User software may put ADC2 into shutdown mode to save power.

A flexible conversion scheduling system allows ADC2 conversions to be initiated by software commands,
timer overflows, or an external input signal. Conversion completions are indicated by a status bit and an
interrupt (if enabled), and the resulting 10-bit data word is latched into two SFR locations upon completion.

ADC?2 also contains Window Compare registers, which can be configured to interrupt the controller when
ADC?2 data is within or outside of a specified range. ADC2 can monitor a key voltage continuously in back-
ground mode, and not interrupt the controller unless the converted data is within the specified window.

Analog Multiplexer

Configuration and Control Registers

AIN2.0 X}—{_\

AIN2.1 L
g }—H__ ADC2
AIN22 : 10 Window
AIN2.3 . Compare
':: 10'B|t Logic
AIN2.4 [ 2o
|| AMUX SAR ADC Data
AIN2.5 - Registers
AIN2.6 X}—»:—_ A D C Conversion
I > Complete
AIN2.7 XF—— Interrupt
TEMP
SENSOR

— Write to AD2BUSY

VREF2 Pin .
VREF| |Start Conversion —— Timer 3 Overflow

— CNVSTR2 Input

AGND AV+

. —— Timer 2 Overflow
Single-ended or

Differential Measurement

Figure 1.13. 10-Bit ADC Diagram
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1.10. 12-bit Digital to Analog Converters

The C8051F060/1/2/3 MCUs have two integrated 12-bit Digital to Analog Converters (DACs). The MCU
data and control interface to each DAC is via the Special Function Registers. The MCU can place either or
both of the DACs in a low power shutdown mode.

The DACs are voltage output mode and include a flexible output scheduling mechanism. This scheduling
mechanism allows DAC output updates to be forced by a software write or scheduled on a Timer 2, 3, or 4
overflow. The DAC voltage reference is supplied from the dedicated VREFD input pin on C8051F060/2
devices or via the VREF2 pin on C8051F061/3 devices, which is shared with ADC2. The DACs are espe-
cially useful as references for the comparators or offsets for the differential inputs of the ADCs.

VREF
DACD DACO [« ————- -
: I
SFR'S : cP51 |
and |
VREF
Control) | Handler
L |
DACL DACl |€—t ——0J = T
Figure 1.14. DAC System Block Diagram
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1.11. Analog Comparators

The C8051F060/1/2/3/4/5/6/7 MCUs include three analog comparators on-chip. The comparators have
software programmable hysteresis and response time. Each comparator can generate an interrupt on its
rising edge, falling edge, or both. The interrupts are capable of waking up the MCU from sleep mode, and
Comparator 0 can be used as a reset source. The output state of the comparators can be polled in soft-
ware or routed to Port I/O pins via the Crossbar. Outputs from the comparator can be routed through the
crossbar. The comparators can be programmed to a low power shutdown mode when not in use.

CPnOutput
(Port 1/ Q[X]e¢ i : CROSSBAR :

L
A

3 Comparators

]

SFR's |
+ cpPs1 |
o &7\ | and |
CPn (Data |
I
I

P ) and Interrupt
Xlﬁ Control) | Handler

Comparator inputs 1 @ ——————
Port 2.[7:2]

A 4

Figure 1.15. Comparator Block Diagram
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2.  Absolute Maximum Ratings

Table 2.1. Absolute Maximum Ratings"

Parameter Conditions Min  |Typ Max Units
Ambient temperature under bias -55 125 °C
Storage Temperature -65 150 °C
Voltage on any pin (except VDD, AV+, AVDD, and -0.3 VDD + Y

Port 0) with respect to DGND 0.3

Voltage on any Port 0 Pin with respect to DGND. -0.3 5.8 Vv

Voltage on VDD, AV+, or AVDD with respect to DGND -0.3 4.2 \%

Maximum Total current through VDD, AV+, AVDD, 800 mA
DGND, and AGND

Maximum output current sunk by any Port pin 100 mA
Maximum output current sunk by any other 1/O pin 50 mA
Maximum output current sourced by any Port pin 100 mA
Maximum output current sourced by any other 1/0O pin 50 mA

* 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 extended periods may affect device reliability.
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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 (AV+, (Note 1) 2.7 3.0 3.6 Y

AVDD)

Digital Supply Voltage (VDD) 2.7 3.0 3.6

Analog-to-Digital Supply Delta 0.5

(IvDD - AV+| or |[VDD - AVDD|)

Supply Current from Analog Internal REF, ADC, DAC, Com- 14 mA

Peripherals (active) parators all enabled. (Note 2)

Supply Current from Analog Internal REF, ADC, DAC, Com- 0.2 MA

Peripherals (inactive) parators all disabled, oscillator
disabled.

Supply Current from CPU and |VDD=2.7 V, Clock=25 MHz 18 mA

Digital Peripherals (CPU active) | VDD=2.7 V, Clock=1 MHz 0.7 mA

(Note 3) VDD=2.7 V, Clock=32 kHz 30 A
VDD=3.0 V, Clock=25 MHz 20 mA
VDD=3.0 V, Clock=1 MHz 1.0 mA
VDD=3.0 V, Clock=32 kHz 35 HA

Supply Current from CPU and |VDD=2.7 V, Clock=25 MHz 13 mA

Digital Peripherals (CPU inac- |VDD=2.7 V, Clock=1 MHz 0.5 mA

tive, not accessing Flash) VDD=2.7 V, Clock=32 kHz 20 MA

(Note 3) VDD=3.0 V, Clock=25 MHz 16 mA
VDD=3.0 V, Clock=1 MHz 0.8 mA
VDD=3.0 V, Clock=32 kHz 23 pA

Supply Current with all systems | Oscillator not running 0.2 A

shut down

VDD Supply RAM Data Reten- 15 \%

tion Voltage

SYSCLK (System Clock) (Note 4) 0 25 MHz

Specified Operating Tempera- -40 +85 °C

ture Range

Note 1: Analog Supply AV+ must be greater than 1 V for VDD monitor to operate.

Note 2: Internal Oscillator and VDD Monitor current not included. Individual supply current contributions
for each peripheral are listed in the chapter.

Note 3: Current increases linearly with supply Voltage.

Note 4: SYSCLK must be at least 32 kHz to enable debugging.
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4, Pinout and Package Definitions

Table 4.1. Pin Definitions

Pin Numbers

Name FO60 | FO61 | FO64 | FO65 | Type |Description
F062 | FO63 | FO66 | FO67
VDD 37,64, 26,40, |37,64, |26,40, Digital Supply Voltage. Must be tied to +2.7 to
90 55 90 55 +3.6 V.
DGND 38,63, (27,39, |38,63, |27, 39, Digital Ground. Must be tied to Ground.
89 54 89 54
AV+ 11,16, | 7, 10, |11,16,| 7, 10, Analog Supply Voltage. Must be tied to +2.7 to
24 18 24 18 +3.6 V.
AVDD 13 23 13 23 Analog Supply Voltage. Must be tied to +2.7 to
+3.6 V.
AGND |10,14,| 6, 11, |10,14,| 6, 11, Analog Ground. Must be tied to Ground.
17,23(19,22(17,23|19, 22

TMS 96 52 96 52 D In |JTAG Test Mode Select with internal pull-up.

TCK 97 53 97 53 D In |JTAG Test Clock with internal pull-up.

TDI 98 56 98 56 D In |JTAG Test Data Input with internal pull-up. TDI is
latched on the rising edge of TCK.

TDO 99 57 99 57 | D Out |JTAG Test Data Output with internal pull-up. Data is
shifted out on TDO on the falling edge of TCK. TDO
output is a tri-state driver.

/IRST 100 58 100 58 D I/0 |Device Reset. Open-drain output of internal VDD
monitor. Is driven low when VDD is <2.7 V and
MONEN is high. An external source can initiate a
system reset by driving this pin low.

XTAL1 26 20 26 20 AIn |Crystal Input. This pin is the return for the internal
oscillator circuit for a crystal or ceramic resonator.
For a precision internal clock, connect a crystal or
ceramic resonator from XTAL1 to XTAL2. If over-
driven by an external CMOS clock, this becomes
the system clock.

XTAL2 27 21 27 21 | A Out |Crystal Output. This pin is the excitation driver for a
crystal or ceramic resonator.

MONEN 28 63 28 63 D In |VDD Monitor Enable. When tied high, this pin
enables the internal VDD monitor, which forces a
system reset when VDD is < 2.7 V. When tied low,
the internal VDD monitor is disabled. Recom-
mended configuration is to connect directly to VDD.

VREF 4 61 4 61 | A Out |Bandgap Voltage Reference Output

VREFO 21 15 21 15 A I/O |Bandgap Voltage Reference Output for ADCO.

ADCO Voltage Reference Input.
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Table 4.1. Pin Definitions (Continued)

Pin Numbers
Name FO60 | FO61 | FO64 | FO65 | Type |Description
F062 | FO63 | FO66 | FO67
VRGNDO 20 14 20 14 Aln |ADCO Voltage Reference Ground. This pin should
be grounded if using the ADC.
VBGAPO 22 16 22 16 | A Out |ADCO Bandgap Bypass Pin.
VREF1 6 2 6 2 A I/O |Bandgap Voltage Reference Output for ADC1.
ADC1 Voltage Reference Input.
VRGND1 7 3 7 3 Aln |ADC1 Voltage Reference Ground. This pin should
be grounded if using the ADC.
VBGAP1 1 5 1 A Out |ADC1 Bandgap Bypass Pin.
VREF2 A In |ADC2 Voltage Reference Input.
62 Aln |ADC2, DACO, and DAC1 Voltage Reference Input.
VREFD 3 Aln |[DACO and DAC1 Voltage Reference Input.
AINO 18 12 18 12 AIn |ADCO Signal Input (See ADCO Specification for
complete description).
AINOG 19 13 19 13 Aln [|ADCO DC Bias Input (See ADCO Specification for
complete description).
AIN1 9 5 9 5 Aln |ADC1 Signal Input (See ADC1 Specification for
complete description).
AIN1G 8 4 8 4 Aln |ADC1 DC Bias Input (See ADC1 Specification for
complete description).
CNVSTRO 15 15 D In |External Conversion Start Source for ADCO
CNVSTR1 12 8 12 D In |External Conversion Start Source for ADC1
CANTX 94 59 D Out |Controller Area Network Transmit Output.
CANRX 95 60 D In |Controller Area Network Receive Input.
DACO 25 17 A Out |Digital to Analog Converter 0 Voltage Output. (See
DAC Specification for complete description).
DAC1 1 64 A Out |Digital to Analog Converter 1 Voltage Output. (See
DAC Specification for complete description).
P0.0 62 51 62 51 D I/O |Port 0.0. See Port Input/Output section for complete
description.
PO.1 61 50 61 50 D I/O [Port0.1. See Port Input/Output section for complete
description.
P0.2 60 49 60 49 D I/O |Port 0.2. See Port Input/Output section for complete
description.
P0.3 59 48 59 48 D I/O |Port 0.3. See Port Input/Output section for complete
description.
P0.4 58 47 58 47 D I/O |Port 0.4. See Port Input/Output section for complete
description.
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Table 4.1. Pin Definitions (Continued)

Pin Numbers

Name FO60 | FO61 | FO64 | FO65 | Type |Description
F062 | FO63 | FO66 | FO67
P0.5 57 46 57 46 D I/O |Port 0.5. See Port Input/Output section for complete
description.
P0.6 56 45 56 45 D I/O |Port 0.6. See Port Input/Output section for complete
description.
PO.7 55 44 55 44 D I/O |Port 0.7. See Port Input/Output section for complete
description.
P1.0/AIN2.0| 36 33 36 33 D I/0 |Port 1.0. See Port Input/Output section for complete
AIn |description.
ADC2 Input Channel 0 (C8051F060/1/2/3 Only).
P1.1/AIN2.1| 35 32 35 32 D I/O |Port 1.1. See Port Input/Output section for complete
AIn |description.
ADC2 Input Channel 1 (C8051F060/1/2/3 Only).
P1.2/AIN2.2| 34 31 34 31 D I/O |Port 1.2. See Port Input/Output section for complete
AIn |description.
ADC2 Input Channel 2 (C8051F060/1/2/3 Only).
P1.3/AIN2.3| 33 30 33 30 D I/O |Port 1.3. See Port Input/Output section for complete
AIn |description.
ADC2 Input Channel 3 (C8051F060/1/2/3 Only).
P1.4/AIN2.4| 32 29 32 29 D I/O |Port 1.4. See Port Input/Output section for complete
A In |description.
ADC2 Input Channel 4 (C8051F060/1/2/3 Only).
P1.5/AIN2.5| 31 28 31 28 D I/O |Port 1.5. See Port Input/Output section for complete
AIn |description.
ADC2 Input Channel 5 (C8051F060/1/2/3 Only).
P1.6/AIN2.6| 30 25 30 25 D I/O |Port 1.6. See Port Input/Output section for complete
AIn |description.
ADC?2 Input Channel 6 (C8051F060/1/2/3 Only).
P1.7/AIN2.7| 29 24 29 24 D I/O |Port 1.7. See Port Input/Output section for complete
AIn |description.
ADC2 Input Channel 7 (C8051F060/1/2/3 Only).
P2.0 46 43 46 43 D I/O |Port 2.0. See Port Input/Output section for complete
description.
pP2.1 45 42 45 42 D I/O |Port 2.1. See Port Input/Output section for complete
description.
P2.2 44 41 44 41 D I/O |Port 2.2. See Port Input/Output section for complete
description.
P2.3 43 38 43 38 D I/O |Port 2.3. See Port Input/Output section for complete
description.
P2.4 42 37 42 37 D I/O |Port 2.4. See Port Input/Output section for complete

description.
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Table 4.1. Pin Definitions (Continued)

Pin Numbers

Name FO60 | FO61 | FO64 | FO65 | Type |Description
F062 | FO63 | FO66 | FO67
P2.5 41 36 41 36 D I/O |Port 2.5. See Port Input/Output section for complete
description.
P2.6 40 35 40 35 D I/O |Port 2.6. See Port Input/Output section for complete
description.
p2.7 39 34 39 34 D I/O |Port 2.7. See Port Input/Output section for complete
description.
P3.0 54 54 D I/0 |Port 3.0. See Port Input/Output section for complete
description.
P3.1 53 53 D I/0 |Port 3.1. See Port Input/Output section for complete
description.
P3.2 52 52 D I/O |Port 3.2. See Port Input/Output section for complete
description.
P3.3 51 51 D I/O |Port 3.3. See Port Input/Output section for complete
description.
P3.4 50 50 D I/O |Port 3.4. See Port Input/Output section for complete
description.
P3.5 49 49 D I/O |Port 3.5. See Port Input/Output section for complete
description.
P3.6 48 48 D I/O |Port 3.6. See Port Input/Output section for complete
description.
P3.7 47 47 D I/O |Port 3.7. See Port Input/Output section for complete
description.
P4.5/ALE 93 93 D I/O |Port 4.5. See Port Input/Output section for complete
description.
ALE Strobe for External Memory Address Bus (Mul-
tiplexed mode).
P4.6/RD | 92 92 D I/0 |Port 4.6. See Port Input/Output section for complete
description.
/RD Strobe for External Memory Address Bus.
P47/ WR | 91 91 D I/0 |Port 4.7. See Port Input/Output section for complete
description.
/WR Strobe for External Memory Address Bus.
P5.0/A8 88 88 D I/O |Port5.0. See Port Input/Output section for complete
description.
Bit 8 External Memory Address Bus (Non-multi-
plexed mode).
P5.1/A9 87 87 D I/O |Port5.1. See Port Input/Output section for complete
description.
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Table 4.1. Pin Definitions (Continued)

Pin Numbers

Name FO60 | FO61 | FO64 | FO65 | Type |Description
F062 | FO63 | FO66 | FO67
P5.2/A10 86 86 D I/O |Port5.2. See Port Input/Output section for complete
description.
P5.3/A11 85 85 D I/O |Port5.3. See Port Input/Output section for complete
description.
P5.4/A12 84 84 D I/O |Port5.4. See Port Input/Output section for complete
description.
P5.5/A13 83 83 D I/0 |Port 5.5. See Port Input/Output section for complete
description.
P5.6/A14 82 82 D I/0 |Port 5.6. See Port Input/Output section for complete
description.
P5.7/A15 81 81 D I/0O |Port5.7. See Port Input/Output section for complete
description.
P6.0/A8Bm/ | 80 80 D I/O |Port 6.0. See Port Input/Output section for complete
AO description.
Bit 8 External Memory Address Bus (Multiplexed
mode).
Bit 0 External Memory Address Bus (Non-multi-
plexed mode).
P6.1/A9m/ | 79 79 D I/O |Port 6.1. See Port Input/Output section for complete
Al description.
P6.2/A10m/| 78 78 D I/O |Port 6.2. See Port Input/Output section for complete
A2 description.
P6.3/A11m/| 77 77 D I/O |Port 6.3. See Port Input/Output section for complete
A3 description.
P6.4/A12m/| 76 76 D I/O |Port 6.4. See Port Input/Output section for complete
Ad description.
P6.5/A13m/| 75 75 D I/O |Port 6.5. See Port Input/Output section for complete
A5 description.
P6.6/A14m/| 74 74 D I/O |Port 6.6. See Port Input/Output section for complete
A6 description.
P6.7/A15m/| 73 73 D I/O |Port 6.7. See Port Input/Output section for complete
A7 description.
P7.0/ADOm/| 72 72 D I/O |Port 7.0. See Port Input/Output section for complete
DO description.
Bit 0 External Memory Address/Data Bus (Multi-
plexed mode).
Bit 0 External Memory Data Bus (Non-multiplexed
mode).
P7.1/AD1m/| 71 71 D I/O |Port 7.1. See Port Input/Output section for complete
D1 description.
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Table 4.1. Pin Definitions (Continued)

Pin Numbers

Name FO60 | FO61 | FO64 | FO65 | Type |Description
F062 | FO63 | FO66 | FO67
P7.2/AD2m/| 70 70 D I/O |Port 7.2. See Port Input/Output section for complete
D2 description.
P7.3/AD3m/| 69 69 D I/O |Port 7.3. See Port Input/Output section for complete
D3 description.
P7.4/AD4m/| 68 68 D I/O |Port 7.4. See Port Input/Output section for complete
D4 description.
P7.5/AD5m/| 67 67 D I/0 |Port 7.5. See Port Input/Output section for complete
D5 description.
P7.6/AD6m/| 66 66 D I/O |Port 7.6. See Port Input/Output section for complete
D6 description.
P7.7/AD7m/| 65 65 D I/O |Port7.7. See Port Input/Output section for complete
D7 description.
NC 1,2,3,|17,59, No Connection.
25,94, (60,62,
95 64
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Figure 4.1. C8051F060 / C8051F062 Pinout Diagram (TQFP-100)
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Figure 4.2. C8051F064 / C8051F066 Pinout Diagram (TQFP-100)
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Figure 4.3. TQFP-100 Package Drawing
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Figure 4.4. C8051F061 / C8051F063 Pinout Diagram (TQFP-64)
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Figure 4.5. C8051F065 / C8051F067 Pinout Diagram (TQFP-64)
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5. 16-Bit ADCs (ADCO and ADC1)

The ADC subsystem for the C8051F060/1/2/3/4/5/6/7 consists of two 1 Msps, 16-bit successive-approxi-
mation-register ADCs with integrated track-and-hold, a Programmable Window Detector, and a DMA inter-
face (see block diagrams in Figure 5.1 and Figure 5.2). The ADCs can be configured as two separate,
single-ended ADCs, or as a differential pair. The Data Conversion Modes, Window Detector, and DMA
interface are all configurable under software control via the Special Function Registers shown in Figure 5.1
and Figure 5.2. The voltage references used by ADCO and ADC1 are selected as described in Section 5.2.
The ADCs and their respective track-and-hold circuitry can be independently enabled or disabled with the
Special Function Registers. Either ADC can be enabled by setting the ADnEN bit in the ADC’s Control reg-
ister (ADCNCN) to logic 1. The ADCs are in low power shutdown when these bits are logic 0.
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Figure 5.1. 16-Bit ADCO and ADC1 Control Path Diagram
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Figure 5.2. 16-bit ADCO and ADC1 Data Path Diagram

5.1. Single-Ended or Differential Operation

ADCO and ADC1 can be programmed to operate independently as single-ended ADCs, or together to
accept a differential input. In single-ended mode, the ADCs can be configured to sample simultaneously, or
to use different conversion speeds. In differential mode, ADC1 is a slave to ADCO, and its configuration is
based on ADCO settings, except during offset or gain calibrations. The DIFFSEL bit in the Channel Select
Register AMXOSL (Figure 5.6) selects between single-ended and differential mode.

5.1.1. Pseudo-Differential Inputs

The inputs to the ADCs are pseudo-differential. The actual voltage measured by each ADC is equal to the
voltage between the AINn pin and the AINNnG pin. AINNG must be a DC signal between -0.2 and 0.6 V. In
most systems, AINNG will be connected to AGND. If not tied to AGND, the AINnG signal can be used to
negate a limited amount of fixed offset, but it is recommended that the internal offset calibration features of
the device be used for this purpose. When operating in differential mode, AINOG and AIN1G should be tied
together. AINn must remain above AINNnG in both modes for accurate conversion results.

52 Rev. 1.2

SILICON LABS



C8051F060/1/2/3/415/6/7

5.2. Voltage Reference

The voltage reference circuitries for ADCO and ADCL1 allow for many different voltage reference configura-
tions. Each ADC has the capability to use its own dedicated, on-chip voltage reference, or an off-chip refer-
ence circuit. A block diagram of the reference circuitry for one ADC is shown in Figure 5.3.

The internal voltage reference circuit for each ADC consists of an independent, temperature stable 1.2 V
bandgap voltage reference generator, with an output buffer amplifier which multiplies the bandgap refer-
ence by 2. The maximum load seen by the VREFn (VREFO or VREF1) pin must be less than 100 YA to
AGND. Bypass capacitors of 0.1 pF and 47 pF are recommended from the VREFn pin to VRGNDn.

The voltage reference circuitry for each ADC is controlled in the Reference Control Registers. REFOCN
(defined in Figure 5.11) is the Reference Control Register for ADCO, and REF1CN (defined in Figure 5.12)
is the Reference Control Register for ADC1. The REFNCN registers are used to enable/disable the internal
reference and bias generator circuitry for each ADC independently. The BIASEn bits enable the on-board
bias generators for each ADC, while the REFBEN bits enable the 2x buffer amplifiers which drive the
VREFnN pins. When disabled, the supply current drawn by the bandgap and buffer amplifier falls to less
than 1 pA (typical) and the output of the buffer amplifier enters a high impedance state (approximately 25 k
Ohmes). If the internal voltage reference for an ADC is used, the BIASEn and REFBEnN bits for that ADC
must both be set to logic 1. If an external reference is used, the REFBERN bit should be set to logic 0. Note
that the BIASEN bit for an ADC must be set to logic 1 to enable that ADC, regardless of the voltage refer-
ence that is used. If an ADC is not being used, the BIASEnN bit can be set to logic 0 to conserve power. The
electrical specifications for the Voltage References are given in Table 5.3.

External ADCn
Voltage |
Reference | ™. Ref Bias
"
1.25V
J_ L Ml 4‘ Band-Gap
47uF _|_ _|_ 0.1uF VRGNDN E‘[\l

L

I
J

Recommended REFENCN
Bypass Capacitors |

A

VBGAPN

7

0.1pF

BIASEn
REFBEN

503X

Figure 5.3. Voltage Reference Block Diagram
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5.3. ADC Modes of Operation

ADCO and ADC1 have a maximum conversion speed of 1 Msps. The conversion clocks for the ADCs are
derived from the system clock. The ADCnSC bits in the ADCnCF register determine how many system
clocks (from 1 to 16) are used for each conversion clock.

5.3.1. Starting a Conversion

For ADCO, conversions can be initiated in one of four ways, depending on the programmed states of the
ADCO Start of Conversion Mode bits (ADOCM1, ADOCMO) in ADCOCN. For ADCO, conversions may be ini-
tiated by:

1. Writing a ‘1’ to the ADOBUSY bit of ADCOCN,;

2. A Timer 3 overflow (i.e. timed continuous conversions);

3. Arrising edge detected on the external ADC convert start signal, CNVSTRO;
4. A Timer 2 overflow (i.e. timed continuous conversions).

ADC1 conversions can be initiated in five different ways, according to the ADC1 Start of Conversion Mode
bits (AD1CM2-AD1CMO0) in ADC1CN. For ADC1, conversions may be initiated by:

Writing a ‘1’ to the AD1BUSY bit of ADC1CN;

A Timer 3 overflow (i.e. timed continuous conversions);

A rising edge detected on the external ADC convert start signal, CNVSTR1,;
A Timer 2 overflow (i.e. timed continuous conversions);

Writing a ‘1’ to the ADOBUSY bit of ADCOCN.

a s bR

The ADNBUSY bit is set to logic 1 during conversion and restored to logic 0 when conversion is complete.
The falling edge of ADnBUSY triggers an interrupt (when enabled) and sets the ADnINT interrupt flag
(ADCNCN.5). In single-ended mode, the converted data for ADCn is available in the ADCn data word MSB
and LSB registers, ADCnH, ADCnL. In differential mode, the converted data (combined from ADCO and
ADC1) is available in the ADCO data word MSB and LSB registers, ADCOH, ADCOL.

When initiating conversions by writing a ‘1’ to ADnBUSY, the ADnINT bit should be polled to determine
when a conversion has completed (ADCn interrupts may also be used). The recommended polling proce-
dure is shown below.

Step 1. Write a ‘0’ to ADnINT;
Step 2. Write a ‘1’ to ADnBUSY;

Step 3. Poll ADnINT for ‘1’;
Step 4. Process ADCn data.

When an external start-of-conversion source is required in differential mode the two pins (CNVSTRO and
CNVSTR1) should be tied together.

5.3.2. Tracking Modes

The ADNnTM bit in register ADCnCN controls the ADCn track-and-hold mode. When the ADC is enabled,
the ADC input is continuously tracked when a conversion is not in progress. When the ADnTM bit is logic
1, each conversion is preceded by a tracking period (after the start-of-conversion signal). When the
CNVSTRn signal is used to initiate conversions, the ADC will track until a rising edge occurs on the
CNVSTRnN pin (see Figure 5.4 and Table 5.1 for conversion timing parameters). Setting ADnTM to 1 can
be useful to ensure that settling time requirements are met when an external multiplexer is used on the
analog input (see Section “5.3.3. Settling Time Requirements” on page 56).
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A. ADC Timing for External Trigger Source

CNVSTRn

t

Track Convert Track
B. ADC Timing for Internal Trigger Sources
Timer 2, Timer 3 Overflow; |_|
Write '1' to ADnBUSY

l ¢ |
[ Conv ‘

ADCNnTM=1 Track Track Convert Track
} tConv

ADCNTM=0 Track Convert Track

Figure 5.4. ADC Track and Conversion Example Timing

Table 5.1. Conversion Timing (tcony)

ADNSC3-0 ADCnTM =0 ADCnTM =1 ADNSC3-0 ADCnTM =0 ADCnTM =1
0000 21*tsyscLk 38*tsyscLk 1000 171*syscLk 315*tsyscLk
0001 40*"tsyscLk 72*tsyscLk 1001 189*tsyscLk 349*tsyscLk
0010 58*tsyscLk 106*tsyscLk 1010 208*tsyscLk 384*tsyscLk
0011 78*tsyscLk 142*tsyscLk 1011 226*tsyscLk 418*tgyscik
0100 97*tsyscLk 177*tsyscLk 1100 245*tsyscLk 453*tsyscLk
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5.3.3. Settling Time Requirements

The ADC requires a minimum tracking time before an accurate conversion can be performed. This tracking
time is determined by the ADC input resistance, the ADC sampling capacitance, any external source resis-
tance, and the accuracy required for the conversion. Figure 5.5 shows the equivalent ADC input circuits for
both Differential and Single-ended modes. Notice that the equivalent time constant for both input circuits is
the same. The required settling time for a given settling accuracy (SA) may be approximated by
Equation 5.1. An absolute minimum tracking time of 280 ns is required prior to the start of a conversion.

2n
t= |”(§'A) X RroraLCsampLE

Equation 5.1. ADCO Settling Time Requirements

Where:

SA is the settling accuracy, given as a fraction of an LSB (for example, 0.25 to settle within 1/4 LSB)
tis the required settling time in seconds

RroTaL is the sum of the ADC input resistance and any external source resistance.

n is the ADC resolution in bits (16).

Differential Mode Single-Ended Mode

AINO

ANo [ o [X]
Ry =30 2 AIN1 R,y =30 2
Csampie = 80PF T c

sawpLe = 80PF

= * = *
Rclnput_ RAIN CSAMF’LE RCInput_ RAIN CSAMF’LE

AN [<] T

Ry =30 2

CsampLe = 80PF

Figure 5.5. ADCO and ADC1 Equivalent Input Circuits
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Figure 5.6. AMXO0OSL: AMUX Configuration Register

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
- DFFSEL | - [ - | - | - | - | - 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO
SFR Address: 0xBB
SFR Page: 0
Bit 7: RESERVED. Write to 0b.
Bit 6: DIFFSEL: Fully Differential Conversion Mode Select Bit.
0: Operate In Single-Ended Mode.
1: Operate In Differential Mode.
Bit 5-0: RESERVED. Write to 000000b.
NOTE: For single-ended mode, the ADCO Data Word is stored in ADCOH and ADCOL, while the

ADC1 Data Word is stored in ADC1H and ADCI1L.
In differential mode, the combined ADC Data Word is stored in ADCOH and ADCOL, and is a
2's complement number. ADC1’s Data Word (single-ended) is also stored in ADC1H and

ADCIL.
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Figure 5.7. ADCOCF: ADCO Configuration Register

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
ADOSC3 | ADOSC2 | ADOSC1 | ADOSCO | ADOSCAL | ADOGCAL | ADOLCAL | ADOOCAL | 11110000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0xBC
SFR Page: 0

Bits 7-4: ADOSC3-0: ADCO SAR Conversion Clock Period Bits.
SAR Conversion clock is divided down from the system clock according to the ADOSC bits
(ADOSC3-0). The number of system clocks used for each SAR conversion clock is equal to
ADOSC + 1. (Note: the ADCO SAR Conversion Clock should be less than or equal to
25 MHz). See Table 5.1 for conversion timing details.
Bit 3: ADOSCAL: System Calibration Enable.
0: Internal ground and reference voltage are used during offset and gain calibration.
1: External voltages can be used during offset and gain calibration.
Bit 2: ADOGCAL: Gain Calibration.
Read:
0: Gain Calibration is completed or not yet started.
1: Gain Calibration is in progress.
Write:
0: No Effect.
1: Initiates a gain calibration if ADCO is idle.
Bit 1: ADOLCAL: Linearity Calibration
Read
0: Linearity Calibration is completed or not yet started
1: Linearity Calibration is in progress
Write
0: No Effect
1: Initiates a linearity calibration if ADCO is idle
Bit O: ADOOCAL: Offset Calibration.
Read:
0: Offset Calibration is completed or not yet started.
1: Offset Calibration is in progress.
Write:
0: No Effect.
1: Initiates an offset calibration if ADCO is idle.
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Figure 5.8. ADC1CF: ADC1 Configuration Register

R/W R/IW R/W R/W R/W R/W R/W R/W Reset Value
AD1SC3 | AD1SC2 | AD1SC1 | AD1SCO | ADISCAL | ADIGCAL | ADILCAL | AD1IOCAL | 11110000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0xBC
SFR Page: 1

Bits 7-4: AD1SC3-0: ADC1 SAR Conversion Clock Period Bits.
SAR Conversion clock is divided down from the system clock according to the AD1SC bits
(AD1SC3-0). The number of system clocks used for each SAR conversion clock is equal to
AD1SC + 1. (Note: the ADC1 SAR Conversion Clock should be less than or equal to
25 MHz). See Table 5.1 for conversion timing details.
Bit 3: ADI1SCAL: System Calibration Enable.
0: Internal ground and reference voltage are used for offset and gain calibration.
1: External voltages can be used for offset and gain calibration.
Bit 2: AD1GCAL: Gain Calibration.
Read:
0: Gain Calibration is completed or not yet started.
1: Gain Calibration is in progress.
Write:
0: No Effect.
1: Initiates a gain calibration if ADC1 is idle.
Bit 1: ADI1LCAL: Linearity Calibration
Read
0: Linearity Calibration is completed or not yet started
1: Linearity Calibration is in progress
Write
0: No Effect
1: Initiates a linearity calibration if ADC1 is idle
Bit O: AD1OCAL: Offset Calibration.
Read:
0: Offset Calibration is completed or not yet started.
1: Offset Calibration is in progress.
Write:
0: No Effect.
1: Initiates an offset calibration if ADC1 is idle.
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Figure 5.9. ADCOCN: ADCO Control Register

R/W

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

ADOEN

ADOTM |ADOINT|ADOBUSY ADOCM1 | ADOCMO |ADOWINT| - 00000000

Bit7

Bit 7:

Bit 6:

Bit 5:

Bit 4:

Bits 3-2:

Bit 1:

Bit O:

Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Bit Addressable

SFR Address: OXE8
SFR Page: 0

ADOEN: ADCO Enable Bit.

0: ADCO Disabled. ADCO is in low-power shutdown.

1. ADCO Enabled. ADCO is active and ready for data conversions or calibrations.
ADOTM: ADC Track Mode Bit.

0: When the ADC is enabled, tracking is continuous unless a conversion is in process.
1. Tracking Defined by ADOCM1-0 bits.

ADOINT: ADCO Conversion Complete Interrupt Flag.

This flag must be cleared by software.

0: ADCO has not completed a data conversion since the last time this flag was cleared.
1. ADCO has completed a data conversion.

ADOBUSY: ADCO Busy Bit.

Read:

0: ADCO Conversion is complete or a conversion is not currently in progress. ADOINT is set
to logic 1 on the falling edge of ADOBUSY.

1: ADCO Conversion is in progress.

Write:

0: No Effect.

1: Initiates ADCO Conversion if ADOCM1-0 = 00b.

ADOCM1-0: ADCO Start of Conversion Mode Select.

If ADOTM = 0:

00: ADCO conversion initiated on every write of ‘1’ to ADOBUSY.

01: ADCO conversion initiated on overflow of Timer 3.

10: ADCO conversion initiated on rising edge of external CNVSTRO.

11: ADCO conversion initiated on overflow of Timer 2.

If ADOTM = 1:

00: Tracking starts with the write of ‘1’ to ADOBUSY and is followed by the conversion.
01: Tracking started by the overflow of Timer 3 and is followed by the conversion.

10: ADCO conversion starts on rising CNVSTRO edge.

11: Tracking started by the overflow of Timer 2 and is followed by the conversion.

See Figure 5.4 and Table 5.1 for conversion timing parameters.

ADOWINT: ADCO Window Compare Interrupt Flag.

This bit must be cleared by software.

0: ADCO Window Comparison Data match has not occurred since this flag was last cleared.
1: ADCO Window Comparison Data match has occurred.

RESERVED: Write to 0b.
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Figure 5.10. ADC1CN: ADC1 Control Register

R/IW R/W R/W R/W R/W R/W R/W R/W Reset Value
ADIEN | ADITM |AD1INT [ADIBUSY | ADICM2 | ADICM1 | ADICMO | - 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Bit Addressable
SFR Address: OXE8
SFR Page: 1

Bit 7: AD1EN: ADC1 Enable Bit.
0: ADC1 Disabled. ADCL1 is in low-power shutdown.
1: ADC1 Enabled. ADC1 is active and ready for data conversions or calibrations.
Bit 6: AD1TM: ADC Track Mode Bit.
0: When the ADC is enabled, tracking is continuous unless a conversion is in process.
1: Tracking Defined by AD1CM2-0 bits.
Bit 5: AD1INT: ADC1 Conversion Complete Interrupt Flag.
This flag must be cleared by software.
0: ADC1 has not completed a data conversion since the last time this flag was cleared.
1: ADC1 has completed a data conversion.
Bit 4: AD1BUSY: ADC1 Busy Bit.
Read:
0: ADC1 Conversion is complete or a conversion is not currently in progress. AD1INT is set
to logic 1 on the falling edge of AD1BUSY.
1: ADC1 Conversion is in progress.
Write:
0: No Effect.
1: Initiates ADC1 Conversion if AD1CM2-0 = 000b.
Bits 3-1: AD1CM2-0: ADCL1 Start of Conversion Mode Select.
If AD1TM = 0:
000: ADC1 conversion initiated on every write of ‘1’ to AD1BUSY.
010: ADC1 conversion initiated on overflow of Timer 3.
100: ADC1 conversion initiated on rising edge of external CNVSTR1.
110: ADC1 conversion initiated on overflow of Timer 2.
xx1: ADC1 conversion initiated on every write of ‘1’ to ADOBUSY in ADCOCN
If AD1TM = 1:
000: Tracking starts with the write of ‘1’ to AD1BUSY and is followed by the conversion.
010: Tracking started by the overflow of Timer 3 and is followed by the conversion.
100: ADC1 conversion starts on rising CNVSTR1 edge.
110: Tracking started by the overflow of Timer 2 and is followed by the conversion.
xx1: Tracking starts with the write of ‘1’ to ADOBUSY and is followed by the conversion.
See Figure 5.4 and Table 5.1 for conversion timing parameters.
Bit O: RESERVED: Write to 0b.
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Figure 5.11. REFOCN: Reference Control Register 0

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
- - | - 1 - ] - | - | BIASEO | REFBEO | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0xD1
SFR Page: 0

Bits7-2: RESERVED. Read = 000000b; Write = 000000b.
Bit1: BIASEOQ: ADCO Bias Generator Enable Bit. (Must be ‘1" if using ADCO).
0: ADCO Internal Bias Generator Off.
1: ADCO Internal Bias Generator On.
Bit0: REFBEQ: Internal Reference Buffer for ADCO Enable Bit.
0: Internal Reference Buffer for ADCO Off. External voltage reference can be used.
1: Internal Reference Buffer for ADCO On. Internal voltage reference is driven on the VREFO

pin.
Figure 5.12. REF1CN: Reference Control Register 1
R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
- - | - | - | - | - | BIASEL | REFBE1 | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
SFR Address: 0xD1
SFR Page: 1

Bits7-2: RESERVED. Read = 000000b; Write = 000000b.
Bitl: BIASE1: ADC1 Bias Generator Enable Bit. (Must be ‘1’ if using ADC1).
0: ADC1 Internal Bias Generator Off.
1: ADC1 Internal Bias Generator On.
BitO: REFBEL: Internal Reference Buffer for ADC1 Enable Bit.
0: Internal Reference Buffer for ADC1 Off. External voltage reference can be used.
1: Internal Reference Buffer for ADC1 On. Internal voltage reference is driven on the VREF1
pin.
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Figure 5.13. ADCOH: ADCO Data Word MSB Register

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 BitO
SFR Address: OXBF
SFR Page: 0
Bits 7-0: ADCO Data Word High-Order Bits.
Figure 5.14. ADCOL: ADCO Data Word LSB Register
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 BitO
SFR Address: OXBE
SFR Page: 0
Bits 7-0: ADCO Data Word Low-Order Bits.
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Figure 5.15. ADCO Data Word Example

16-bit ADCO Data Word appears in the ADCO Data Word Registers as follows:

Example: ADCO Data Word Conversion Map, AINO Input in Single-Ended Mode
(AMXOSL = 0x00)

AINO-AINOG (Volts) ADCOH:ADCOL
VREF * (65535/65536) OXFFFF
VREF /2 0x8000
VREF * (32767/65536) OX7FFF
0 0x0000

Example: ADCO Data Word Conversion Map, AINO-AIN1 Differential Input Pair
(AMXOSL = 0x40)

AINO-AIN1 (Volts) ADCOH:ADCOL
VREF * (32767/32768) OX7FFF
VREF /2 0x4000
VREF * (1/32768) 0x0001
0 0x0000
-VREF * (1/32768) OXFFFF
-VREF /2 0xC000
-VREF 0x8000
o Gain . . .
Code = Vinx x 2" ;‘'n’ =16 for Single-Ended; ‘n’=15 for Differential.
VREF
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Figure 5.16. ADC1H: ADC1 Data Word MSB Register

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 Bitl Bit0
SFR Address: OXBF
SFR Page: 1

Bits 7-0: ADC1 Data Word High-Order Bits.

Figure 5.17. ADC1L: ADC1 Data Word LSB Register

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 Bitl Bit0
SFR Address: OXBE
SFR Page: 1

Bits 7-0: ADC1 Data Word Low-Order Bits.

Figure 5.18. ADC1 Data Word Example

16-bit ADC1 Data Word appears in the ADC1 Data Word Registers as follows:

Example: ADC1 Data Word Conversion Map, AIN1 Input in Single-Ended Mode
(AMX1SL = 0x00)

AIN1-AIN1G (Volts) ADC1H:ADC1L
VREF * (65535/65536) OxFFFF
VREF /2 0x8000
VREF * (32767/65536) Ox7FFF
0 0x0000
Code = Vinx GaInXZ” :'n’ =16

VREF

For differential mode, the differential data word appears in ADCOH and ADCOL. The single-
ended ADC1 results are always present in ADC1H and ADCLL, regardless of the operating
mode.
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5.4. Calibration

The ADCs are calibrated for linearity, offset, and gain in production. ADCO and ADCL1 can also be inde-
pendently calibrated for each of these parameters in-system. Calibrations are initiated using bits in the
ADCO or ADC1 Configuration Register. The calibration coefficients can be accessed using the ADC Cali-
bration Pointer Register (ADCOCPT, Figure 5.22) and the ADC Calibration Coefficient Register
(ADCOCCEF, Figure 5.23). The CPTR bits in ADCOCPT allow the ADCOCCEF register to read and write spe-
cific calibration coefficients. Figure 5.19 shows the Calibration Coefficient locations.

Figure 5.19. Calibration Coefficient Locations

ADCOCCF
ADCOCPTL  piiy Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
Bits 5-0
0x00
Linearity Calibration Coefficients (locations 0x00 through 0x12)

0x12

0x13 Offset7 Offset6 Offsetb Offset4 Offset3 Offset2 Offsetl Offset0
0x14 Offsetl3 Offsetl2 Offsetll Offsetl10 Offset9 Offset8
0x15 Gain7 Gainé Gain5 Gain4 Gain3 Gain2 Gainl Gain0
0x16 Gainl2 Gainll Gainl0 Gain9 Gain8

The ADCs are calibrated for linearity in production. Under normal circumstances, no additional linearity
calibration is necessatry. If linearity calibrations are desired, they can be initiated by setting the ADCnLCAL
bit to ‘1’. When the calibration is finished, the ADCnLCAL bit will be set to ‘0’ by the hardware. Linearity
Calibration Coefficients are stored in the locations shown in Figure 5.19.

Offset and gain calibrations can be performed using either internal or external voltages as calibration
sources. The ADCnSCAL bit determines whether the internal or external voltages are used in the calibra-
tion process. To ensure accuracy, offset calibration should be done prior to a gain calibration. The offset
and gain calibration coefficients are decoded in Figure 5.20. Offset calibration is initiated by setting the
ADCNOCAL bit to ‘1’. When the calibration is finished, the ADCnOCAL bit will be set to ‘0’ by the hardware.
Offset calibration can compensate for offset errors of approximately £3.125% of full scale. The offset value
is added to the AINNG input prior to digitization by the ADC. Gain calibration is initiated by setting the
ADCNnGCAL bit to ‘1’. When the calibration is finished, the ADCnGCAL bit will be set to ‘0’ by the hardware.
Gain calibration can compensate for slope errors of approximately £3.125%. The gain value is added to
the ADC’s VREF path to change the slope of the converter’s transfer function. Figure 5.21 shows how the
offset and gain values affect the analog signals used by the ADC.
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Figure 5.20. Offset and Gain Register Mapping

The offset register value affects the offset at the analog input as follows:

Offset Register (14 Bits) Approximate Offset Change (V)
Ox3FFF -3.125% * VREF
0x2000 0
0x0000 +3.125% * VREF
Offset Change = X2000 — OffSEt Register | 5 15504 VREF

The gain register value affects the slope of the ADC transfer function as follows:

8192

Gain Register (13 Bits) Approximate Slope Change
Ox1FFF +3.125%
0x1000 0
0x0000 -3.125%
Slope Change = Gain Register - 0x1000 . 5 495

4096

Figure 5.21. Offset and Gain Calibration Block Diagram

VREF
Gain
Offset
b
AINN @—»{5—» 16
ADCn |——+—> ADCn Data
AINNG [] f
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Figure 5.22. ADCOCPT: ADC Calibration Pointer Register

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
INCR ADCSEL | CPTR5 CPTR4 CPTR3 CPTR2 | CPTR1 | CPTRO 11010111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
SFR Address: OXBA
SFR Page: F
Bit 7: INCR: Pointer Address Automatic Increment.

0: Disable Auto-Increment.
1. Enable Auto-Increment. CPTR5-0 will automatically be incremented after each read or
write to ADCOCCF.
Bit 6: ADCSEL: ADC Calibration Coefficient Select.
0: Reads and Writes of ADCOCCF will access ADCO Calibration Coefficients.
1: Reads and Writes of ADCOCCF will access ADC1 Calibration Coefficients.
Bits 5-0: CPTR5-0: Calibration Coefficent Pointer.
Select which Calibration Coefficient location will be accessed when ADCOCCEF is read or

written.
Figure 5.23. ADCOCCF: ADC Calibration Coefficient Register
R/W RIW RIW RIW R/W R/W R/W RIW Reset Value
| | Variable
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0xBB
SFR Page: F
Bits 7-0: Calibration Coefficients at the location specified in ADCOCPT. See Table 5.19.
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5.5. ADCO Programmable Window Detector

The ADCO Programmable Window Detector continuously compares the ADCO output to user-programmed
limits, and notifies the system when an out-of-bound condition is detected. This is especially effective in an
interrupt-driven system, saving code space and CPU bandwidth while delivering faster system response
times. The window detector interrupt flag (ADOWINT in ADCOCN) can also be used in polled mode. The
high and low bytes of the reference words are loaded into the ADCO Greater-Than and ADCO Less-Than
registers (ADCOGTH, ADCOGTL, ADCOLTH, and ADCOLTL). The Window Detector can be used in single-
ended or differential mode. In signle-ended mode, the Window Detector compares the ADCOGTx and
ADCOLTX registers to the output of ADCO. In differential mode, the combined output of ADCO and ADC1
(contained in the ADCO data registers) is used for the comparison. Reference comparisons are shown
starting on page 71. Notice that the window detector flag can be asserted when the measured data is
inside or outside the user-programmed limits, depending on the programming of the ADCOGTx and
ADCOLTX registers.

Figure 5.24. ADCOGTH: ADCO Greater-Than Data High Byte Register

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0XC5
SFR Page: 0

Bits 7-0: High byte of ADCO Greater-Than Data Word.

Figure 5.25. ADCOGTL: ADCO Greater-Than Data Low Byte Register

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: OxC4
SFR Page: 0

Bits 7-0: Low byte of ADCO Greater-Than Data Word.
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Figure 5.26. ADCOLTH: ADCO Less-Than Data High Byte Register

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 Bitl Bit0
SFR Address: OxC7
SFR Page: 0

Bits 7-0: High byte of ADCO Less-Than Data Word.

Figure 5.27. ADCOLTL: ADCO Less-Than Data Low Byte Register

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 Bitl Bit0
SFR Address: 0xC6
SFR Page: 0

Bits 7-0: Low byte of ADCO Less-Than Data Word.
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Figure 5.28. 16-Bit ADCO Window Interrupt Example: Single-Ended Data

Input Voltage ADCO Data
(AINO - AINOG) Word

REF x (65535/65536) OxFFFF

ADOWINT
not affected

0x2001
REF x (8192/65536) 0x2000 ADCOLTH:ADCOLTL

REF x (4096/65536) 0x1000 ADCOGTH:ADCOGTL

OXOFFF

ADOWINT
not affected

0 0x0000

Given:

AMXOSL = 0x00,

ADCOLTH:ADCOLTL = 0x2000,
ADCOGTH:ADCOGTL = 0x1000.

An ADCO End of Conversion will cause an
ADCO Window Compare Interrupt (ADOWINT
='1") if the resulting ADCO Data Word is

< 0x2000 and > 0x1000.

Input Voltage ADCO Data
(AINO - AINOG) Word

REF x (65535/65536)

ADOWINT=1

REF x (8192/65536) 0x2000 ADCOGTH:ADCOGTL
Ox1FFF

ADOWINT

0x1001 not affected

REF x (4096/65536) 0x1000 ADCOLTH:ADCOLTL

ADOWINT=1

Given:

AMXOSL = 0x00,

ADCOLTH:ADCOLTL = 0x1000,
ADCOGTH:ADCOGTL = 0x2000.

An ADCO End of Conversion will cause an
ADCO Window Compare Interrupt (ADOWINT
='1") if the resulting ADCO Data Word is

> 0x2000 or < 0x1000.
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Figure 5.29. 16-Bit ADCO Window Interrupt Example: Differential Data

Input Voltage ADCO Data
(AINO - AIN1) Word
REF x (32767/32768) OX7FFF
ADOWINT
not affected
0x1001
REF x (4096/32768) 0x1000 ADCOLTH:ADCOLTL

REF x (-1/32768) OXFFFF ADCOGTH:ADCOGTL
OxFFFE
ADOWINT
not affected
REF 0x8000
Given:

AMXOSL = 0x40,

ADCOLTH:ADCOLTL = 0x1000,
ADCOGTH:ADCOGTL = OxFFFF.

An ADCO End of Conversion will cause an
ADCO Window Compare Interrupt (ADOWINT
‘1’) if the resulting ADCO Data Word is

< 0x1000 and > OxFFFF. (In two’'s-complement
math, OXFFFF = -1.)

Input Voltage
(AINO - AIN1)

ADCO Data
Word

REF x (32767/32768)

ADOWINT=1
REF x (4096/32768) 0x1000 ADCOGTH:ADCOGTL
OXOFFF ADOWINT
0OX0000 not affected
REF x (-1/32768) OxFFFF ADCOLTH:ADCOLTL

ADOWINT=1

-REF

Given:

AMXOSL = 0x40,

ADCOLTH:ADCOLTL = OxFFFF,
ADCOGTH:ADCOGTL = 0x1000.

An ADCO End of Conversion will cause an
ADCO Window Compare Interrupt (ADOWINT
‘1’) if the resulting ADCO Data Word is

< OxFFFF or > 0x1000. (In two's-complement
math, OXFFFF = -1.)
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Table 5.2. 16-Bit ADCO and ADC1 Electrical Characteristics

VDD =3.0V, AV+ =3.0V, AVDD = 3.0V, VREF = 2.50 V (REFBE=0), -40 to +85 °C unless otherwise
specified

Parameter Conditions ‘Min ‘Typ ‘Max ‘Units

DC Accuracy

Resolution 16 bits

Integral Nonlinearity Single-Ended +0.75 | 2 LSB

(C8051F060/1/4/5/6/7) Differential 0.5 11

Integral Nonlinearity Single-Ended +1.5 +4 LSB

(C8051F062/3) Differential +1 +2

Differential Nonlinearity Guaranteed Monotonic 0.5 LSB

Offset Error 0.1 mV

Full Scale Error 0.008 %F.S.

Gain Temperature Coefficient 0.5 ppm/°C

Dynamic Performance (Sampling Rate =1 Msps, AVDD, AV+ = 3.3V)

Signal-to-Noise Plus Distortion |Fin = 10 kHz, Single-Ended 86 dB
Fin = 100 kHz, Single-Ended 84 dB
Fin = 10 kHz, Differential 89 dB
Fin = 100 kHz, Differential 88 dB

Total Harmonic Distortion Fin = 10 kHz, Single-Ended 96 dB
Fin = 100 kHz, Single-Ended 84 dB
Fin = 10 kHz, Differential 103 dB
Fin = 100 kHz, Differential 93 dB

Spurious-Free Dynamic Range |Fin = 10 kHz, Single-Ended 97 dB
Fin = 100 kHz, Single-Ended 88 dB
Fin = 10 kHz, Differential 104 dB
Fin = 100 kHz, Differential 99 dB

CMRR Fin = 10 kHz 86 dB

Channel Isolation 100 dB

Timing

SAR Clock Frequency 25 MHz

Conversion Time in SAR 18 clocks

Clocks

Track/Hold Acquisition Time 280 ns

Throughput Rate 1 Msps

Aperture Delay External CNVST Signal 15 ns

RMS Aperture Jitter External CNVST Signal 5 ps

Analog Inputs

Input Voltage Range Single-Ended (AINN - AINNG) 0 VREF V
Differential (AINO - AIN1) -VREF VREF Vv

Input Capacitance 80 pF
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Table 5.2. 16-Bit ADCO and ADC1 Electrical Characteristics (Continued)

VDD =3.0V, AV+=3.0V, AVDD = 3.0 V, VREF = 2.50 V (REFBE=0), -40 to +85 °C unless otherwise
specified

Parameter Conditions Min Typ Max  |Units
Operating Input Range AINO or AIN1 -0.2 AV+ Vv
AINOG or AIN1G (DC Only) -0.2 0.6 \Y,

Power Specifications

Power Supply Current (each Operating Mode, 1 Msps

ADC) AV+ 4.0 mA
AVDD 2.0 mA
Shutdown Mode <1 A
Power Supply Rejection VDD + 5% +0.5 LSB

Table 5.3. Voltage Reference 0 and 1 Electrical Characteristics

VDD =3.0V, AVv+=3.0V, AVDD =3.0V, -40 to +85 °C unless otherwise specified

Parameter Conditions Min Typ Max Units
Internal Reference

Output Voltage 25 °C ambient 2.36 2.43 2.48 V
VREF Temperature Coefficient 15 ppm/°C
Power Supply Current (each AV+ 15 mA

Voltage Reference)

External Reference

Input Voltage Range 2.0 AV+ V
Input Current ADC throughput = 1 Msps 450 HA
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