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C8051F120/1/2/3/4/5/6/7
8K ISP FLASH MCU Family

Analog Peripherals

- 10 or 12-bit SAR ADC
+1LSB INL
Programmable throughput up to 100 ksps
Up to 8 external inputs; programmable as single-
ended or differential
Programmable amplifier gain: 16, 8, 4, 2, 1, 0.5
Data-dependent windowed interrupt generator
Built-in temperature sensor

8 bit SAR ADC (‘F12x Only)
Programmable throughput up to 500 ksps
8 external inputs (single-ended or differential)
Programmable amplifier gain: 4, 2, 1, 0.5
Two 12-bit DACs (‘F12x Only)
Can synchronize outputs to timers for jitter-free wave-
form generation
- Two Analog Comparators
Voltage Reference
- Vpp 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
100-Pin TQFP or 64-Pin TQFP Packaging
- Temperature Range: —40 to +85 °C
- ROHS Available

High Speed 8051 uC Core

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

- 100 MIPS or 50 MIPS throughput with on-chip PLL

- 2-cycle 16 x 16 MAC engine (C8051F120/1/2/3 and
C8051F130/1/2/3 only)

Memory

- 8448 bytes internal data RAM (8 k + 256)

- 128 or 64 kB Banked Flash; in-system programma-
ble in 1024-byte sectors

- External 64 kB data memory interface (programma-
ble multiplexed or non-multiplexed modes)

Dlgltal Peripherals
8 byte-wide port I/O (100TQFP); 5 V tolerant

- 4 Byte-wide port I/O (64TQFP); 5 V tolerant

- 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 precision oscillator: 24.5 MHz

- Flexible PLL technology

- External Oscillator: Crystal, RC, C, or clock

Voltage Supples

- Range: 2.7-3.6 V (50 MIPS) 3.0-3.6 V (100 MIPS)

- Power saving sleep and shutdown modes
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1. System Overview

The C8051F12x and C8051F13x device families are fully integrated mixed-signal System-on-a-Chip
MCUs with 64 digital I/O pins (100-pin TQFP) or 32 digital I/O pins (64-pin TQFP).

Highlighted features are listed below. Refer to Table 1.1 for specific product feature selection.

» High-Speed pipelined 8051-compatible CIP-51 microcontroller core (100 MIPS or 50 MIPS)
e In-system, full-speed, non-intrusive debug interface (on-chip)

e True 12 or 10-hit 100 ksps ADC with PGA and 8-channel analog multiplexer

e True 8-hit 500 ksps ADC with PGA and 8-channel analog multiplexer (C8051F12x Family)
e Two 12-bit DACs with programmable update scheduling (C8051F12x Family)

e 2-cycle 16 by 16 Multiply and Accumulate Engine (C8051F120/1/2/3 and C8051F130/1/2/3)
e 128 or 64 kB of in-system programmable Flash memory

e 8448 (8 k + 256) bytes of on-chip RAM

e External Data Memory Interface with 64 kB address space

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

» Five general purpose 16-bit Timers

e Programmable Counter/Timer Array with 6 capture/compare modules

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

With on-chip Vpp monitor, Watchdog Timer, and clock oscillator, the C8051F12x and C8051F13x devices

are truly stand-alone System-on-a-Chip solutions. All analog and digital peripherals are enabled/disabled
and configured 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 operation over the industrial temperature range (—45 to +85 °C). The Port I/O,
RST, and JTAG pins are tolerant for input signals up to 5 V. The devices are available in 100-pin TQFP or
64-pin TQFP packaging. Table 1.1 lists the specific device features and package offerings for each part
number. Figure 1.1 through Figure 1.6 show functional block diagrams for each device.
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Table 1.1. Product Selection Guide

= N (2] ©
3 < 55|82 =
8 — alals
5 0% gl |=|E|E 5 g
o <€ S olo|= 5|2 210
e = | = o alalo |2 <) Sln
S ©o | Olo|<|<|2|2|F]|c ST
< > — | Q o|lolole|w <lo|n|s ® o
I= ~ | & >| E Slal=|2|2|9|ls|ol|E|le|2|x
© x| 2 o190 |, sz |212FITIsI2I5E(T
%» S| E © 2] SlE|S|S|g|Z|z|2|2|8|8|%
o - | = —|Ela o O | O S|l |5 bt ()
£ = | = 2|82 [20|s|=|2|2|8|8|c|x|O|2x| Q
g 21e = |3lzglgl-lz|g|2E 5|8 =8 |ElelelelR]| I
= = © < O IR IZ|Ia|< § 212 o |20 ol<|<|cS|o ©
o] S o loe Sdwlp e SEanslale>2laalgld o
C8051F120 100|128k |(8448| v | v | v | v |2 | 5| v |64|8 | - |8 | v | v|12|2 | 2| - |100TQFP
C8051F120-GQ|100|128k|8448| v | v | v | v |2 | 5| v |64| 8 8| v | v|12| 2| 2 | v |100TQFP
C8051F121 100|128k |(8448| v | v | v | v |2 |5 | v 328 |- |8 | v | v|12|2 |2 | - | 64TQFP
C8051F121-GQ|100|128k|8448| v | v | v | v |2 |5 | v |32|8 | - |8 | v | v |12| 2 | 2 | v'| BATQFP
C8051F122 100|128k |(8448| v | v | v | v |2 | 5| v |64| - | 8|8 | v | v|12|2 | 2| - |100TQFP
C8051F122-GQ|100|128k|8448| v | v | v | v |2 | 5| v |64| - | 8|8 | v | v |12| 2 | 2 | v |100TQFP
C8051F123 100|128k |8448| v | v | v | v |2 |5 | v |32| - |8 |8 | v | v|12|2 |2 | - | 64ATQFP
C8051F123-GQ|100|128k|8448| v | v | v | v |2 |5 | v |32| - |8 |8 | v | v 12| 2 | 2 | v | BATQFP
C8051F124 50 |128k|8448| - | v | v | v |2 |5 | v |64| 8| - |8 | v | v|12| 2| 2| - |100TQFP
C8051F124-GQ| 50 |128k|8448| - | v | v | v |2 | 5| v |64| 8| - |8 | v | v 12| 2 | 2 | v |100TQFP
C8051F125 50 |128k|8448| - | v | v | v |2 |5 | v |32|8 | - |8 | v |v|12| 2| 2| - | 64TQFP
C8051F125-GQ| 50 {128k |8448| - | v | v | v |2 |5 | v'|32|8 |- |8 | v | v|12|2 |2 | v | 64TQFP
C8051F126 50 |128k|8448| - | v | v | v |2 |5 | v |64| - |8 |8 | v | v 12| 2| 2| - |100TQFP
C8051F126-GQ| 50 |128k|8448| - | v | v | v |2 | 5| v |64| - |8 |8 | v | v 12| 2 | 2 | v |100TQFP
C8051F127 50 |128k|8448| - | v | v | v |2 |5 | v |32| - |8 |8 | v | v|12| 2| 2| - | 64TQFP
C8051F127-GQ| 50 |128k|8448| - | v | v | v |2 |5 | v|32| - |8 |8 | v | v |12| 2| 2 | v | 64ATQFP
C8051F130 100|128k |(8448| v | v | v | v |2 |5 | v |64| - |8 | - | v | v ]|-]-1]2]|-|100TQFP
C8051F130-GQ|100|128k|8448| v | v | v | v |2 |5 | v |64| - |8 | - || Vv]|-]|-]2]| v |100TQFP
C8051F131 100|128k |8448| v | v | v | v |2 |5 | v 32| - |8 | - | v | V| -]-1]2]|-| 64TQFP
C8051F131-GQ|100|128k|8448| v | v | v | v |2 |5 | v |32| - |8 | - | v | V]| -]|-]2]| v | 64TQFP
C8051F132 100| 64k (8448 v | v | v | v |2 |5 | v 64| - |8 |- |V |Vv]|-]-]2]|-|100TQFP
C8051F132-GQ|100| 64k |8448| v | v | v | v |2 |5 | v |64| - |8 | -| v |v|-]|]-1]2]|v|100TQFP
C8051F133 100| 64k (8448 v | v | v | v |2 |5 | v |32|-|8|-|v|Vv]|-]-1]2]|-|64TQFP
C8051F133-GQ|100| 64k |8448| v'| v | v | v |2 |5 | v |32| - |8 |- || Vv]|-]|-1]2]|v| 64TQFP
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1.1. CIP-51™ Microcontroller Core

1.1.1. Fully 8051 Compatible

The C8051F12x and C8051F13x utilize 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 Regis-
ter (SFR) address space, and 8/4 byte-wide 1/O 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 100 MHz, the C8051F120/1/2/3 and C8051F130/1/2/3 have a
peak throughput of 100 MIPS (the C8051F124/5/6/7 have a peak throughput of 50 MIPS).
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1.1.3. Additional Features

Several key enhancements are implemented in the CIP-51 core and peripherals to improve overall perfor-
mance and ease of use in end applications.

The extended interrupt handler provides 20 interrupt sources into the CIP-51 (as opposed to 7 for the stan-
dard 8051), allowing the numerous analog and digital peripherals to interrupt the controller. An interrupt
driven system requires less intervention by the MCU, giving it more effective throughput. The extra inter-
rupt sources are very useful when building multi-tasking, real-time systems.

There are up to seven reset sources for the MCU: an on-board Vpp monitor, a Watchdog Timer, a missing

clock detector, a voltage level detection from Comparator0O, a forced software reset, the CNVSTRO input
pin, and the RST pin. The RST pin is bi-directional, accommodating an external reset, or allowing the inter-
nally generated POR to be output on the RST pin. Each reset source except for the Vpp monitor and Reset

Input pin may be disabled by the user in software; the Vpp monitor is enabled/disabled via the MONEN

pin. The Watchdog Timer may be permanently enabled in software after a power-on reset during MCU ini-
tialization.

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 24.5 MHz internal oscillator as needed. Additionally,
an on-chip PLL is provided to achieve higher system clock speeds for increased throughput.

| CNVSTR

]
U
(Port 1/0) X}—b: Crossbar ! Supply
_________ (CNVSTR Monitor
reset Supply X e
enable) Reset - RST
Timeout (wired-OR)
cPo+ % ComparatorO
+
CPO- X}—‘ - (cPO N
reset
enable) ‘ ‘
Reset
Missing WDT Funnel
—>{> Clock
Detector
(one-
shot) ™
EN EN PRE

Internal o o S

Clock Qlg 55 52
Generator % § § g § g

l | | 7]
PLL System Software Reset
Circuitry Clock CIP-51
1 Microcontroller
XTAL1 g f—> Core System Reset
osc Clock Select
XTAL2 e

Extended Interrupt
Handler

Figure 1.7. 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 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 devices include an on-chip 8k byte RAM block and an external memory interface (EMIF) for accessing
off-chip data memory. The on-chip 8k byte block can be addressed over the entire 64k external data mem-
ory address range (overlapping 8k boundaries). External data memory address space can be mapped to
on-chip memory only, off-chip memory only, or a combination of the two (addresses up to 8k directed to on-
chip, above 8k directed to EMIF). The EMIF is also configurable for multiplexed or non-multiplexed
address/data lines.

On the C8051F12x and C8051F130/1, the MCU’'s program memory consists of 128 k bytes of banked
Flash memory. The 1024 bytes from addresses Ox1FCO0O0 to Ox1FFFF are reserved. On the C8051F132/3,
the MCU’s program memory consists of 64 k bytes of Flash memory. This memory may be reprogrammed
in-system in 1024 byte sectors, and requires no special off-chip programming voltage.

On all devices, there are also two 128 byte sectors at addresses 0x20000 to 0x200FF, which may be used
by software for data storage. See Figure 1.8 for the MCU system memory map.

PROGRAM/DATA MEMORY DATA MEMORY (RAM)
(FLASH)
C8051F120/1/2/3/4/5/6/7 INTERNAL DATA ADDRESS SPACE
C8051F130/1 Upper 128 RAM Special Function
0x200FF Scrachpad Memory (Indirect Addressing Registers
0x20000 (DATA only) Only) (Direct Addressing Only)0
OX1FFFF CESERVED = —2| | %,
0x1FCO00 = (Direct and Indirect
Addressing) Up To
Ox1FBFF
Lower 128 RAM 220 SFRPages
FLASH Bit Addressable (Direct and Indirect
Addressing)
(In-System General Purpose
Programmable in 1024 Registers
Byte Sectors)
0x00000
EXTERNAL DATA ADDRESS SPACE
C8051F132/3
0x200FF Scrachpad Memory OXFFFF
0x20000 (DATA only)
OXOFFFF Off-chip XRAM space
FLASH
(In-System 0x2000
Programmable in 1024
Byte Sectors) Eel XRAM - 8192 Bytes
(accessable using MOVX
0x00000 0x0000 instruction)

Figure 1.8. On-Chip Memory Map
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1.3. JTAG Debug and Boundary Scan

JTAG boundary scan and debug circuitry is included which 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 pur-
poses.

Silicon Labs' debugging system supports inspection and modification of memory and registers, break-
points, watchpoints, a stack monitor, and single stepping. No additional target RAM, program memory, tim-
ers, or communications channels 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 C8051F120DK development kit provides all the hardware and software necessary to develop applica-
tion code and perform in-circuit debugging with the C8051F12x or C8051F13x 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 C8051F120 MCU installed. All of the necessary commu-
nication cables and a wall-mount power supply are also supplied with the development kit. Silicon Labs’
debug environment is a vastly superior configuration for developing and debugging embedded applications
compared to standard MCU emulators, 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 ﬂ

JTAG (x4), VDD, GND

Serial
Adapter

F12x/13x §

Figure 1.9. Development/In-System Debug Diagram
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1.4. 16 x 16 MAC (Multiply and Accumulate) Engine

The C8051F120/1/2/3 and C8051F130/1/2/3 devices include a multiply and accumulate engine which can
be used to speed up many mathematical operations. MACO contains a 16-by-16 bit multiplier and a 40-bit
adder, which can perform integer or fractional multiply-accumulate and multiply operations on signed input
values in two SYSCLK cycles. A rounding engine provides a rounded 16-bit fractional result after an addi-
tional (third) SYSCLK cycle. MACO also contains a 1-bit arithmetic shifter that will left or right-shift the con-
tents of the 40-bit accumulator in a single SYSCLK cycle.

MACO A Register MACO B Register
| MACOAH || MACOAL || || MACOBH || MACOBL |

l I MACOMS
li

_MACOFM,} 16 x 16 Multiply

1 l«<—20

h 4 I 0<

40 bit Add

l y
MACO Accumulator

| MACOOVR || MACOACC3 || MACOACC?2 || MACOACCL1 || MACOACCO |

A

A 4 A A 4

— 1 bit Shift Rounding Engine Flag Logic
A A A
| y y vV VY
olol<|%|s ® MACO Rounding Register ol lo
8|8|S|8|&|8|  |[MACORNDH |[ MACORNDL | R
(O} (GGG S](E) O[0|10]0
IS |1 (<€|1<I< << < <
s|sS|S|SIs|s s|s|s|s
MACOCF MACOSTA
Figure 1.10. MACO Block Diagram
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1.5. Programmable Digital I/O and Crossbar

The standard 8051 8-bit Ports (0, 1, 2, and 3) are available on the MCUs. The devices in the larger (100-
pin TQFP) packaging have 4 additional ports (4, 5, 6, and 7) for a total of 64 general-purpose port I/O. The
Port I/O behave like the standard 8051 with a few enhancements.

Each Port 1/0 pin can be configured as either a push-pull or open-drain output. Also, the "weak pullups"
which are normally fixed on an 8051 can be globally disabled, providing additional power saving capabili-
ties 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 1.11) Unlike microcontrollers with standard multiplexed digital 1/0, all combinations of functions are
supported.

The on-chip counter/timers, serial buses, HW interrupts, ADC Start of Conversion inputs, comparator out-
puts, 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.

Highest | | UARTO 2 XBRO, XBRL, POMDOUT, PIMDOUT,
Priority XBR2, PIMDIN P2MDOUT, P3BMDOUT

I: 4 Registers Registers

|
|
|
|
: 2 External
: 2 Decoder v
- , -
o UARTL 8 PO 4(. X P0.0 I Highest
L 7 > «—<-@—> 10 . | Priority
(/9;: PCA > Cells.4IX| PO.7 :
3| > : |
k=) Comptr. 2 _ ‘ !
ol Outputs ~| Digital A 4 !
£l | Crossbar 8 P1 . ' i
8! > —<@—> 10 o 3 !
<) To, T1, Cells—"_‘E PL7
: T2, T2EX, a I
: T4, TAEX |« |
| /INTO, \ 4 i
I
: /INT1 8 P2 " D] P20 !
! —<@—> 10 . i
| Cells hd X pP2.7 :
Lowest | /SYSCLK divided by 1,2,4, or 8 N !
Priority | cNVSTRO/2 2 "~ :
----- < L 4
» I
. > 8 P3 . <] pso :
> 474.—» 1/10 : : Lowest
> Cells pP3.7 1 Priority
PO | (P0.0-P0.7) > X —=t--
[—
8
P1
(P1.0-P1.7) To External
——
Port Memory
Latches 8 Interface ¢
To ADC2 Input
(EMIF) (F12x Only)
P2 | (p2.0-p2.7) v
[——
8
P3 | (P3.0-P3.7)
—
Figure 1.11. Digital Crossbar Diagram
®
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1.6. Programmable Counter Array

An on-board Programmable Counter/Timer Array (PCA) is included 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 program-
mable 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 sys-
tem 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

16-Bit Counter/Timer

ECI CLOCK
?l 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 (@] @] @] (@] @] (@]
o) m m m m m m
= x x X x > x
o L N w N (%))
LT T T e e i
|
1 Crossbar ‘
I I
L
Co T T T T
! Port 1/0 !

Figure 1.12. PCA Block Diagram

1.7. Serial Ports

Serial peripherals included on the devices are two Enhanced Full-Duplex UARTs, 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 I/O, so any or all of the serial buses may be used together with any other.
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1.8. 12 or 10-Bit Analog to Digital Converter

All devices include either a 12 or 10-bit SAR ADC (ADCO0) with a 9-channel input multiplexer and program-
mable gain amplifier. With a maximum throughput of 100 ksps, the 12 and 10-bit ADCs offer true 12-bit lin-
earity with an INL of £1LSB. The ADCO voltage reference can be selected from an external VREF pin, or
(on the C8051F12x devices) the DACO output. On the 100-pin TQFP devices, ADCO has its own dedicated
Voltage Reference input pin; on the 64-pin TQFP devices, the ADCO shares a Voltage Reference input pin
with the 8-bit ADC2. The on-chip voltage reference may generate the voltage reference for other system
components or the on-chip ADCs via the VREF output pin.

The ADC is under full control of the CIP-51 microcontroller via its associated Special Function Registers.
One input channel is tied to an internal temperature sensor, while the other eight channels are available
externally. Each pair of the eight external input channels can be configured as either two single-ended
inputs or a single differential input. The system controller can also put the ADC into shutdown mode to
save power.

A programmable gain amplifier follows the analog multiplexer. The gain can be set in software from 0.5 to
16 in powers of 2. The gain stage can be especially useful when different ADC input channels have widely
varied input voltage signals, or when it is necessary to "zoom in" on a signal with a large DC offset (in dif-
ferential mode, a DAC could be used to provide the DC offset).

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. Conversion completions are indicated by a
status bit and an interrupt (if enabled). The resulting 10 or 12-bit data word is latched into two SFRs upon
completion of a conversion. The data can be right or left justified in these registers under software control.

Window Compare registers for the ADC data can be configured to interrupt the controller when ADC data
is within or outside of a specified range. The ADC can monitor a key voltage continuously in background
mode, but not interrupt the controller unless the converted data is within the specified window.

Analog Multiplexer Window
Configuration, Control, and Data Window Compare |
: . Compare
Registers Logic
_ \ Interrupt
Programmable Gain
Amplifier
9-to-1 2
: AV+ -
amux || | | 12-Bit
(SE or SAR 12 ADC Data
- | DIFF) X Registers
Conversion
- Complete
/ Interrupt
External VREF Start Write to ADOBUSY
Pin VREF Conversion Timer 3 Overflow
CNVSTRO
DACO Output

Timer 2 Overflow

Figure 1.13. 12-Bit ADC Block Diagram
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1.9. 8-Bit Analog to Digital Converter

The C8051F12x devices have an on-board 8-bit SAR ADC (ADC2) with an 8-channel input multiplexer and
programmable gain amplifier. This ADC features a 500 ksps maximum throughput and true 8-bit linearity
with an INL of +1LSB. Eight input pins are available for measurement. 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 an external VREF pin. On the 100-pin TQFP devices, ADC2
has its own dedicated Voltage Reference input pin; on the 64-pin TQFP devices, ADC2 shares a Voltage
Reference input pin with ADCO. User software may put ADC2 into shutdown mode to save power.

A programmable gain amplifier follows the analog multiplexer. The gain stage can be especially useful
when different ADC input channels have widely varied input voltage signals, or when it is necessary to
"zoom in" on a signal with a large DC offset (in differential mode, a DAC could be used to provide the DC
offset). The PGA gain can be set in software to 0.5, 1, 2, or 4.

A flexible conversion scheduling system allows ADC2 conversions to be initiated by software commands,
timer overflows, or an external input signal. ADC2 conversions may also be synchronized with ADCO soft-
ware-commanded conversions. Conversion completions are indicated by a status bit and an interrupt (if
enabled), and the resulting 8-bit data word is latched into an SFR upon completion.

Analog Multiplexer Window Window
Configuration, Control, and Data Registers Compare [> Compare
Logic Interrupt
a0 [
AIN2.1 X}—>
Programmable Gain
AIN2.2 X}——> Amplifier
AIN2.3 [ X}——] .
8101 AV+ 8-Bit
AIN2.4 D] 20 L] 8 ADC Data
AMUX X SAR Register
AIN2.5 X }—— ]
AIN2.6 [ X}——>] A D C , Conversion
> Complete
AIN2.7 Xl—, Interrupt
/ — Write to AD2BUSY
External VREF — Timer 3 Overflow
Pin VREF | |Start Conversion
—— CNVSTR2 Input

AV+ —— Timer 2 Overflow

—— Write to ADOBUSY
(synchronized with
ADCO)

Figure 1.14. 8-Bit ADC Diagram
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1.10. 12-bit Digital to Analog Converters

The C8051F12x devices 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 the 100-pin TQFP
devices or via the internal Voltage reference on the 64-pin TQFP devices. The DACs are especially useful
as references for the comparators or offsets for the differential inputs of the ADCs.

DACOEN
Z
S [DACOMDI
Q [[DACOMDO
& [ DACODF2 REF
DACODF1
AV+
DACODFO
A Y y
5 |s.| sl s y
S E>3 |
a = =% DACO +
§ e / —0x] oaco
—
2|8 |5 | 8 =
Q — 2 AGND
-
o
DACIEN
=z
S [[DACIMDI
< [[DACIMDO
A& [ DACIDF2 REF
DACIDF1
DACIDFO AV+
Y Y Y
I
— [8, | 5 8,
gl gET \
a = =& DACl +
v 2 —X] pac1
-
S8 |5 | 8 | =
O =¥ 2 AGND
-
o
Figure 1.15. DAC System Block Diagram
®
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1.11. Analog Comparators

Two analog comparators with dedicated input pins are included on-chip. The comparators have software
programmable hysteresis and response time. Each comparator can generate an interrupt on a 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 software or routed to
Port 1/0 pins via the Crossbar. The comparators can be programmed to a low power shutdown mode when
not in use.

r _____ |
CPn Output |
(Port 1/0) [X]« i : CROSSBAR |
]
A
2 Comparators [—————-
|
CPn+ gli\ SR : cIp-51 :
and
. cPn »| (Data “I ntorupt |
Control) | Handler I
o _ |

Figure 1.16. 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 Vpp and Port 1/0) with -0.3 — Vpp + Y/
Respect to DGND 0.3
Voltage on any Port I/0O Pin or RST with Respect to -0.3 — 58 vV
DGND
Voltage on Vpp with Respect to DGND -0.3 — 4.2 Y,
Maximum Total Current through Vpp, AV+, DGND, — — 800 mA
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/O — — 50 mA

Pin

*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
extended periods may affect device reliability.
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3. Global DC Electrical Characteristics

Table 3.1. Global DC Electrical Characteristics

(C8051F120/1/2/3 and C8051F130/1/2/3)
—40 to +85 °C, 100 MHz System Clock unless otherwise specified.

perature Range

Parameter Conditions Min Typ Max Units

Analog Supply Voltage® SYSCLK =0 to 50 MHz 2.7 3.0 3.6 v
SYSCLK > 50 MHz 3.0 3.3 3.6 \V;

Analog Supply Current Internal REF, ADCs, DACs, Com- - 1.7 - mA
parators all active

Analog Supply Current with  |Internal REF, ADCs, DACs, Com- — 0.2 — HA

analog sub-systems inactive |parators all disabled, oscillator
disabled

Analog-to-Digital Supply - — 05 Vv

Delta (lvDD - AV+|)

Digital Supply Voltage SYSCLK =0 to 50 MHz 2.7 3.0 3.6 \V;
SYSCLK > 50 MHz 3.0 3.3 3.6 \V;

Digital Supply Current with  |Vpp = 3.0V, Clock = 100 MHz — 65 — mA

CPU active Vpp = 3.0V, Clock = 50 MHz 35 mA
Vpp = 3.0V, Clock =1 MHz 1 mA
Vpp = 3.0 V, Clock = 32 kHz 33 HA

Digital Supply Current with  |Vpp = 3.0 V, Clock = 100 MHz — 40 — mA

CPU inactive (not accessing Vpp = 3.0 V, Clock = 50 MHz 20 mA

Flash) Vpp = 3.0V, Clock = 1 MHz 0.4 mA
Vpp = 3.0V, Clock = 32 kHz 15 HA

Digital Supply Current (shut- |Oscillator not running — 0.4 — HA

down)

Digital Supply RAM Data - 15 - vV

Retention Voltage

SYSCLK (System Clock)>2® |Vpp, AV+=2.7103.6 V 0 — 50 MHz
Vpp, AV+=3.0t0 3.6 V 0 100 MHz

Specified Operating Tem- —40 — +85 °C

Notes:

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 30 MHz, SYSCLK must be derived
from the Phase-Locked Loop (PLL).

3. SYSCLK must be at least 32 kHz to enable debugging.
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Table 3.2. Global DC Electrical Characteristics (C8051F124/5/6/7)

—40 to +85 °C, 50 MHz System Clock unless otherwise specified.

Temperature Range

Parameter Conditions Min Typ Max Units
Analog Supply Voltage® 2.7 3.0 3.6 v
Analog Supply Current Internal REF, ADC, DAC, Com- - 1.7 - mA
parators all active
Analog Supply Current with | Internal REF, ADC, DAC, Com- — 0.2 — HA
analog sub-systems inactive |parators all disabled, oscillator
disabled
Analog-to-Digital Supply — — 0.5 \V;
Delta (lvDD - AV+|)
Digital Supply Voltage 2.7 3.0 3.6 Vv
Digital Supply Current with | Vpp = 3.0 V, Clock = 50 MHz — 35 — mA
CPU active Vpp = 3.0 V, Clock = 1 MHz 1 mA
Vpp = 3.0V, Clock = 32 kHz 33 HA
Digital Supply Current with | Vpp = 3.0V, Clock = 50 MHz - 27 - mA
CPU inactive (not accessing Vpp = 3.0V, Clock = 1 MHz 0.4 mA
Flash) Vpp = 3.0 V, Clock = 32 kHz 15 HA
Digital Supply Current (shut- | Oscillator not running — 0.4 — HA
down)
Digital Supply RAM Data — 15 — \
Retention Voltage
SYSCLK (System Clock)?3 0 — 50 MHz
Specified Operating —40 — +85 °C

Notes:

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 30 MHz, SYSCLK must be derived
from the phase-locked loop (PLL).

3. SYSCLK must be at least 32 kHz to enable debugging.
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Pinout and Package Definitions

Table 4.1. Pin Definitions

Pin Numbers
‘F120 | ‘F121 | ‘F130 | ‘F131 o
Name 'F122 | ‘F123 | ‘F132 | ‘F133 | TYP® Description
‘F124 | ‘F125
‘F126 | ‘F127
Vbp 37, 24, 37, 24, Digital Supply Voltage. Must be tied to +2.7 to
64,9041, 57|64, 90 |41, 57 +3.6 V.
DGND 38, 25, 38, 25, Digital Ground. Must be tied to Ground.
63, 8940, 56 |63, 89 |40, 56
AV+ 11,14 6 11,14 6 Analog Supply Voltage. Must be tied to +2.7 to
+3.6 V.
AGND 10,13| 5 |10,13| 5 Analog Ground. Must be tied to Ground.
T™MS 1 58 1 58 D In |JTAG Test Mode Select with internal pullup.
TCK 2 59 2 59 D In |JTAG Test Clock with internal pullup.
TDI 3 60 3 60 D In |JTAG Test Data Input with internal pullup. TDI is
latched on the rising edge of TCK.
TDO 4 61 4 61 |D Out|JTAG Test Data Output with internal pullup. Data
is shifted out on TDO on the falling edge of TCK.
TDO output is a tri-state driver.
RST 5 62 5 62 | D I/O | Device Reset. Open-drain output of internal Vpp
monitor. Is driven low when Vpp is < Vgt and
MONEN is high. An external source can initiate
a system reset by driving this pin low.
XTAL1 26 17 26 17 | Aln |Crystal Input. This pin is the return for the inter-
nal oscillator circuit for a crystal or ceramic reso-
nator. For a precision internal clock, connect a
crystal or ceramic resonator from XTAL1 to
XTAL2. If overdriven by an external CMOS
clock, this becomes the system clock.
XTAL2 27 18 27 18 | A Out|Crystal Output. This pin is the excitation driver
for a crystal or ceramic resonator.

MONEN 28 19 28 19 D In |Vpp Monitor Enable. When tied high, this pin
enables the internal Vpp monitor, which forces a
system reset when Vpp is < Vrgt- When tied
low, the internal Vpp monitor is disabled.

This pin must be tied high or low.
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Table 4.1. Pin Definitions (Continued)

Pin Numbers

‘F120 | ‘F121 | ‘F130 | ‘F131 o

Name ‘122 | ‘F123 | ‘F132 | ‘F133 | TYPE Description

‘F124 | ‘F125
‘F126 | ‘F127

VREF 12 7 12 7 A I/O |Bandgap Voltage Reference Output

(all devices).
DAC Voltage Reference Input
(C8051F121/3/5/7 only).
VREFA 8 AIn |ADCO and ADC2 Voltage Reference Input.
VREFO 16 16 8 A In | ADCO Voltage Reference Input.
VREF2 17 17 AIln |ADC2 Voltage Reference Input.
VREFD 15 15 A In | DAC Voltage Reference Input.

AINO.O 18 9 18 9 AIn |ADCO Input Channel 0 (See ADCO Specification
for complete description).

AINO.1 19 10 19 10 AIn |ADCO Input Channel 1 (See ADCO Specification
for complete description).

AINO.2 20 11 20 11 AIn |ADCO Input Channel 2 (See ADCO Specification
for complete description).

AINO.3 21 12 21 12 AIn |ADCO Input Channel 3 (See ADCO Specification
for complete description).

AINO.4 22 13 22 13 A'In |ADCO Input Channel 4 (See ADCO Specification
for complete description).

AINO.5 23 14 23 14 AIn | ADCO Input Channel 5 (See ADCO Specification
for complete description).

AINO.6 24 15 24 15 AIn |ADCO Input Channel 6 (See ADCO Specification
for complete description).

AINO.7 25 16 25 16 AIn |ADCO Input Channel 7 (See ADCO Specification
for complete description).

CPO+ 9 4 9 4 A In | Comparator O Non-Inverting Input.

CPO- 8 3 8 3 A In | Comparator O Inverting Input.

CP1+ 7 2 7 2 A In | Comparator 1 Non-Inverting Input.

CP1- 6 1 6 1 A In |Comparator 1 Inverting Input.

DACO 100 64 A Out | Digital to Analog Converter 0 Voltage Output.
(See DAC Specification for complete descrip-
tion).
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Table 4.1. Pin Definitions (Continued)

Pin Numbers
‘F120 | ‘F121 | ‘F130 | ‘F131 o
Name ‘122 | ‘F123 | ‘F132 | ‘F133 | TYPE Description
‘F124 | ‘F125
‘F126 | ‘F127
DAC1 99 63 A Out | Digital to Analog Converter 1 Voltage Output.
(See DAC Specification for complete descrip-
tion).
P0.0 62 55 62 55 | DI/O |Port 0.0. See Port Input/Output section for com-
plete description.
P0.1 61 54 61 54 | DI/O |Port 0.1. See Port Input/Output section for com-
plete description.
PO0.2 60 53 60 53 | D I/O |Port0.2. See Port Input/Output section for com-
plete description.
P0.3 59 52 59 52 | DI/O |Port 0.3. See Port Input/Output section for com-
plete description.
P0.4 58 51 58 51 | DI/O |Port 0.4. See Port Input/Output section for com-
plete description.
ALE/P0.5 57 50 57 50 | D I/O |ALE Strobe for External Memory Address bus
(multiplexed mode)
Port 0.5
See Port Input/Output section for complete
description.
RD/P0.6 56 | 49 | 56 | 49 |DI/O|/RD Strobe for External Memory Address bus
Port 0.6
See Port Input/Output section for complete
description.
WR/P0.7 55 | 48 55 | 48 |DI/O |/WR Strobe for External Memory Address bus
Port 0.7
See Port Input/Output section for complete
description.
AIN2.0/A8/P1.0 | 36 29 36 29 AIn |ADC2 Input Channel 0 (See ADC2 Specification
D I/O | for complete description).
Bit 8 External Memory Address bus (Non-multi-
plexed mode)
Port 1.0
See Port Input/Output section for complete
description.
AIN2.1/A9/P1.1 | 35 28 35 28 Aln |Port 1.1. See Port Input/Output section for com-
D I/O | plete description.
) Rev. 1.4 43
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Table 4.1. Pin Definitions (Continued)

Pin Numbers
‘F120 | ‘F121 | ‘F130 | ‘F131 o
Name ‘122 | ‘F123 | ‘F132 | ‘F133 | TYPE Description
‘F124 | ‘F125
‘F126 | ‘F127
AIN2.2/A10/P1.2| 34 27 34 27 Aln |Port 1.2. See Port Input/Output section for com-
D I/O | plete description.
AIN2.3/A11/P1.3| 33 26 33 26 AIn |Port 1.3. See Port Input/Output section for com-
D I/O | plete description.
AIN2.4/A12/P1.4| 32 23 32 23 Aln |Port 1.4. See Port Input/Output section for com-
D I/O | plete description.
AIN2.5/A13/P1.5| 31 22 31 22 Aln |Port 1.5. See Port Input/Output section for com-
D I/O | plete description.
AIN2.6/A14/P1.6| 30 21 30 21 AIn |Port 1.6. See Port Input/Output section for com-
D I/O | plete description.
AIN2.7/A15/P1.7| 29 20 29 20 Aln |Port 1.7. See Port Input/Output section for com-
D I/O | plete description.
A8mM/A0/P2.0 46 37 46 37 | D I/O | Bit 8 External Memory Address bus (Multiplexed
mode)
Bit 0 External Memory Address bus (Non-multi-
plexed mode)
Port 2.0
See Port Input/Output section for complete
description.
A9M/A1/P2.1 45 36 45 36 | DI/O |Port2.1. See Port Input/Output section for com-
plete description.
A10m/A2/P2.2 44 35 44 35 | DI/O |Port2.2. See Port Input/Output section for com-
plete description.
Al1lm/A3/P2.3 43 34 43 34 | DI/O |Port 2.3. See Port Input/Output section for com-
plete description.
Al12m/A4/P2.4 42 33 42 33 | DI/O |Port 2.4. See Port Input/Output section for com-
plete description.
A13m/A5/P2.5 41 32 41 32 | DI/O |Port 2.5. See Port Input/Output section for com-
plete description.
Al14m/A6/P2.6 40 31 40 31 | DI/O |Port2.6. See Port Input/Output section for com-
plete description.
A15m/A7/P2.7 39 30 39 30 | DI/O |Port2.7. See Port Input/Output section for com-
plete description.
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Table 4.1. Pin Definitions (Continued)

Pin Numbers

‘F120 | ‘F121 | ‘F130 | ‘F131 o
Name ‘122 | ‘F123 | ‘F132 | ‘F133 | TYPE Description
‘F124 | ‘F125
‘F126 | ‘F127
ADO0/D0/P3.0 54 47 54 47 | D 1/O |Bit 0 External Memory Address/Data bus (Multi-
plexed mode)
Bit 0 External Memory Data bus (Non-multi-
plexed mode)
Port 3.0
See Port Input/Output section for complete
description.
AD1/D1/P3.1 53 46 53 46 | DI/O |Port 3.1. See Port Input/Output section for com-
plete description.
AD2/D2/P3.2 52 45 52 45 | D I/O |Port 3.2. See Port Input/Output section for com-
plete description.
AD3/D3/P3.3 51 44 51 44 | D 1/O |Port 3.3. See Port Input/Output section for com-
plete description.
AD4/D4/P3.4 50 43 50 43 | D I/O |Port 3.4. See Port Input/Output section for com-
plete description.
AD5/D5/P3.5 49 42 49 42 | D I/O |Port 3.5. See Port Input/Output section for com-
plete description.
ADG6/D6/P3.6 48 39 48 39 | DI/O |Port 3.6. See Port Input/Output section for com-
plete description.
AD7/D7/P3.7 47 38 a7 38 | DI/O |Port 3.7. See Port Input/Output section for com-
plete description.
P4.0 98 98 D I/O | Port 4.0. See Port Input/Output section for com-
plete description.
P4.1 97 97 D I/O | Port 4.1. See Port Input/Output section for com-
plete description.
P4.2 96 96 D I/O | Port 4.2. See Port Input/Output section for com-
plete description.
P4.3 95 95 D I/O | Port 4.3. See Port Input/Output section for com-
plete description.
P4.4 94 94 D I/O | Port 4.4. See Port Input/Output section for com-

plete description.
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Table 4.1. Pin Definitions (Continued)

Pin Numbers

‘F120 | ‘F121 | ‘F130 | ‘F131 o
Name ‘122 | ‘F123 | ‘F132 | ‘F133 | TYPE Description
‘F124 | ‘F125
‘F126 | ‘F127

ALE/P4.5 93 93 D I/O | ALE Strobe for External Memory Address bus
(multiplexed mode)

Port 4.5

See Port Input/Output section for complete
description.

RD/P4.6 92 92 D I/O |/RD Strobe for External Memory Address bus
Port 4.6

See Port Input/Output section for complete
description.

WR/P4.7 91 91 D I/0O |/WR Strobe for External Memory Address bus
Port 4.7

See Port Input/Output section for complete
description.

A8/P5.0 88 88 D I/O | Bit 8 External Memory Address bus (Non-multi-
plexed mode)

Port 5.0

See Port Input/Output section for complete
description.

A9/P5.1 87 87 D I/O |Port 5.1. See Port Input/Output section for com-
plete description.

A10/P5.2 86 86 D I/O |Port 5.2. See Port Input/Output section for com-
plete description.

A11/P5.3 85 85 D I/O | Port 5.3. See Port Input/Output section for com-
plete description.

Al12/P5.4 84 84 D I/O | Port 5.4. See Port Input/Output section for com-
plete description.

Al13/P5.5 83 83 D I/O | Port 5.5. See Port Input/Output section for com-
plete description.

Al14/P5.6 82 82 D I/O | Port 5.6. See Port Input/Output section for com-
plete description.

Al15/P5.7 81 81 D I/O | Port 5.7. See Port Input/Output section for com-
plete description.
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Table 4.1. Pin Definitions (Continued)

Pin Numbers

‘F120 | ‘F121 | ‘F130 | ‘F131 o
Name ‘122 | ‘F123 | ‘F132 | ‘F133 | TYPE Description
‘F124 | ‘F125
‘F126 | ‘F127
A8mM/A0/P6.0 80 80 D I/O | Bit 8 External Memory Address bus (Multiplexed
mode)
Bit 0 External Memory Address bus (Non-multi-
plexed mode)
Port 6.0
See Port Input/Output section for complete
description.
A9IM/A1/P6.1 79 79 D I/O |Port 6.1. See Port Input/Output section for com-
plete description.
A10m/A2/P6.2 78 78 D I/O |Port 6.2. See Port Input/Output section for com-
plete description.
Al11m/A3/P6.3 77 77 D I/O | Port 6.3. See Port Input/Output section for com-
plete description.
A12m/A4/P6.4 76 76 D I/O | Port 6.4. See Port Input/Output section for com-
plete description.
A13m/A5/P6.5 75 75 D I/O |Port 6.5. See Port Input/Output section for com-
plete description.
Al14m/A6/P6.6 74 74 D I/O | Port 6.6. See Port Input/Output section for com-
plete description.
A15m/A7/P6.7 73 73 D I/O | Port 6.7. See Port Input/Output section for com-
plete description.
ADO/DO/P7.0 72 72 D I/O | Bit 0 External Memory Address/Data bus (Multi-
plexed mode)
Bit 0 External Memory Data bus (Non-multi-
plexed mode)
Port 7.0
See Port Input/Output section for complete
description.
AD1/D1/P7.1 71 71 D I/O | Port 7.1. See Port Input/Output section for com-
plete description.
AD2/D2/P7.2 70 70 D I/O | Port 7.2. See Port Input/Output section for com-
plete description.
AD3/D3/P7.3 69 69 D I/O | Port 7.3. See Port Input/Output section for com-
plete description.
AD4/D4/P7.4 68 68 D I/O | Port 7.4. See Port Input/Output section for com-
plete description.
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Table 4.1. Pin Definitions (Continued)

Pin Numbers

‘F120 | ‘F121 | ‘F130 | ‘F131 o
Name ‘122 | ‘F123 | ‘F132 | ‘F133 | TYPE Description
‘F124 | ‘F125
‘F126 | ‘F127
AD5/D5/P7.5 67 67 D I/O | Port 7.5. See Port Input/Output section for com-
plete description.
ADG6/D6/P7.6 66 66 D I/O |Port 7.6. See Port Input/Output section for com-
plete description.
AD7/D7/P7.7 65 65 D I/O | Port 7.7. See Port Input/Output section for com-
plete description.
NC 15, |63, 64 No Connection.
17,
99,
100

48

Rev. 1.4

SILICON LABS




C8051F120/1/2/3/4/5/6/7 C8051F130/1/2/3

N o<

QS 1 ¢ o ©

coaaa

v o N oﬁwmqm@m%%ggg

S < ¥ ) 1T 6w W w W w <

S o dgg _ ogweogceoeILEEE
OO g4 I FEAZLLSIIGIOEESadA
<<¢?V¢VJD:§QOOOOHHH\—IH\—100®HHH
[ o T o WO o W o WY o WY a W G >S 0 CCCCCCECECCCIC
Bl e B E BB S B IRl
Sllo|lo||o||o||o||o||o||o| ||| ||o]|0]|o]||a][d] || ||| ||| [~||~]|[~]|[~

™S [ 1 O 75 | A13m/A5/P6.5
TCK [ 2 74 ] A14m/A6/P6.6
™I [ 3 73 | A15m/A7/P6.7
TDO [ 4 72 | ADO/DO/P7.0
IRST [ 5 71| AD1/D1/P7.1
CP1- [ 6 70 | AD2/D2/P7.2
CP1+ 7 69 | AD3/D3/P7.3
cPo- [ 8 68 | AD4/D4/P7.4
CcPo+ [ 9 67 | AD5/D5/P7.5
AGND | 10 66 | AD6/D6/P7.6
AV+ [11 C8051F120 65 | AD7/D7/P7.7
aono (2] C8051F122 e oo
AV+ [14 ] C8051F124 52 P0.0
VREFD [15 61 | PO.1
VREFO [16 C8051F126 60 | P0.2
VREF2 [17 59 | P0.3
AINO.O [18 58 | P0.4
AINO.1 [19 57 | ALE/P0.5
AINO.2 | 20 56 | /RD/P0.6
AINO.3 [21 55 | /WR/P0.7
AINO.4 [22 54 | ADO/DO/P3.0
AINO.5 [23 53 | AD1/D1/P3.1
AINO.6 [24 52 | AD2/D2/P3.2
AINO.7 | 25 51 | AD3/D3/P3.3
BREREEEREEREREEEEREEEEREE
AN| N[N N[O [ D] [D] ||| [T || [ ||| [ || [ [T [0
HNyzZNONWYTONAOQAAQANONYTONAONQN S
I < W A ddddddd 02 NN NN NNNNOMO OO ™M
FpFp£2&42ad0aooa>04Q2a4a0a04a00042243aa
xx88339332¢8 °322323<g588¢8
599539588 £5585558833883
22222222 R - B

Al
Al
Al
Al
Al
Al

Figure 4.1. C8051F120/2/4/6 Pinout Diagram (TQFP-100)
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Figure 4.2. C8051F130/2 Pinout Diagram (TQFP-100)
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Figure 4.3. TQFP-100 Package Drawing
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CP1- [1 |
CP1+ [ 2 |
CPO- [ 3]
CPO+ [ 4 |
AGND [ 5|
AV+ [ 6 |
VREF [ 7|
VREFA [ 8|
AINO.0 [ 9 |
AINO.1 [10 |
AINO.2 [11 ]
AINO.3 [12 |
AINO.4 [13]
AINO.5 [14 |
AIN0.6 [15 |
AINO.7 [16 ]

[ 64 ] DACO
63 ] DACL
[ 62 ] /RST
[ 61 ] TDO
[ 60 | TDI
[ 59 ] TCK
58 ] TMS
[ 57 ] vDD
56 ] DGND
[ 55 ] P0.0
[54] PO.1

53 | P0.2

52 | P0.3

51 | P0.4

50 | ALE/PO.5

49 | /RD/P0.6

C8051F121
C8051F123
C8051F125

[ 48 ] /WR/PO.7

[ 47 ] ADO/DO/P3.0
[ 46 ] AD1/D1/P3.1
[ 45 ] AD2/D2/P3.2
[ 44] AD3/D3/P3.3
[ 43 ] AD4/D4/P3.4
[ 42] AD5/D5/P3.5

41 | VDD
40 | DGND

[ 39 ] AD6/D6/P3.6
[ 38 ] AD7/D7/P3.7
[ 37 ] Asm/A0/P2.0
36 ] Aom/AL/P2.1
[ 35 ] Al0m/A2/P2.2
[ 34 ] A11m/A3/P2.3
[ 33 ] Al2m/A4/P2.4
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Figure 4.4. C8051F121/3/5/7 Pinout Diagram (TQFP-64)
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[ 64 ] NC

[ 63] NC

[ 62 ] /RST

[ 61] TDO

[ 60 ] TDI

[ 59 ] TCK

[ 58 ] T™MS

[ 57 ] vDD

56 ] DGND
[ 55 ] P0.0
[54] PO.1
53] Po.2
[52] PO.3
[51] Po.4

[ 50 | ALE/PO.5
[ 49 ] /RD/PO.6

C8051F131
C8051F133

[ 48] /WR/P0.7

[ 47 ] ADO/DO/P3.0
46 ] AD1/D1/P3.1
[ 45 ] AD2/D2/P3.2
[ 44] AD3/D3/P3.3
[ 43°] AD4/D4/P3.4
[ 427 ] AD5/D5/P3.5

41 | VDD
40 | DGND

[ 39 ] AD6/D6/P3.6
38 ] AD7/D7/P3.7
[ 37 ] A8m/A0/P2.0
36 | Aam/AL/P2.1
[ 35 ] Alom/A2/P2.2
[34 ] A11m/A3/P2.3
[ 33 ] A12m/A4/P2.4

XTALL [ 17 |

XTAL2 [ 18]

MONEN [ 19 |

VDD [ 24 |

DGND [ 25 |
AIN2.3/A11/P1.3 [ 26 |

AIN2.7/A15/P1.7 [ 20 |
AIN2.6/A14/P1.6 [ 21 |
AIN2.5/A13/P1.5 [ 22|
AIN2.4/A12/P1.4 [ 23]
AIN2.2/A10/P1.2 [ 27 |
AIN2.1/A9/P1.1 [ 28 |
AIN2.0/A8/P1.0 [ 29 |

A15m/A7/P2.7 [ 30 |

A14m/A6/P2.6 [ 31 |

A13m/A5/P2.5 [ 32 |

Figure 4.5. C8051F131/3 Pinout Diagram (TQFP-64)
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TR AT ATRATAIN (mm) (mm) (mm)

MIN |NOM | MAX

Al - - | 1.20
—] —

—] —

— — A1/0.05 - |0.15
— — A2/ 0.95  1.00 | 1.05
—] —

—] — E b |0.17 | 0.22 | 0.27
—] — D - |12.00

DEszmnﬁuuuuuuuuuuuuu o

A2+ e.

E - |12.00

; E1l - |10.00

[ I '
EEEQMHMM@MD%LL L 045 060 075
—}—b Al

L

Figure 4.6. TQFP-64 Package Drawing
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5. ADCO (12-Bit ADC, C8051F120/1/4/5 Only)

The ADCO subsystem for the C8051F120/1/4/5 consists of a 9-channel, configurable analog multiplexer
(AMUXO0), a programmable gain amplifier (PGAOQ), and a 100 ksps, 12-bit successive-approximation-regis-
ter ADC with integrated track-and-hold and Programmable Window Detector (see block diagram in
Figure 5.1). The AMUXO0, PGAO, Data Conversion Modes, and Window Detector are all configurable under
software control via the Special Function Registers shown in Figure 5.1. The voltage reference used by
ADCO is selected as described in Section “9. Voltage Reference” on page 113. The ADCO subsystem
(ADCO, track-and-hold and PGAO) is enabled only when the ADOEN bit in the ADCO Control register
(ADCOCN) is set to logic 1. The ADCO subsystem is in low power shutdown when this bit is logic 0.

| ADCOGTH | | ADCOGTL | [ ADCOLTH | | ADCOLTL |
I l l l 24 | Comb.
& & & > Logic 3 ADOWINT
AINO.0 '"\ x 17
| Q —
AINO.1 - Y
[ n
AINO.2 ' I
' 3
AINO.3 | 9-to-1 9
==
AINO.4 [ }——— )
. | (SE or X 12 |
AINO.5 | _| DIFF) —
- |
AINO.6 '
' 3
|
AINO.7 - 8
<
=
J § " (00 |— ADoBUSY (W)
‘ < Start Conversion | 01 —— Timer 3 Overflow
—L , o = AV ! 10 —— CNVSTRO
™ N[O N=l=] > [ .
Q0100 [a]/a)](a]/a) Z|1Z|12 — 11——-T 2 Overfl
SieEE <<z BBBRBREE =sEBERER imer & Bvertiow
SEiEE SRRR 2RR2LERR EEERRLER =t
Zl<l<|< = la] (a) a] a] o] > =] Illa]|a] =] a] a](a]/a] =] o
R S S S B e o e e e e e I e Y e R R 8
AMXOCF AMXOSL ADCOCF ADCOCN <

Figure 5.1. 12-Bit ADCO Functional Block Diagram

5.1. Analog Multiplexer and PGA

Eight of the AMUX channels are available for external measurements while the ninth channel is internally
connected to an on-chip temperature sensor (temperature transfer function is shown in Figure 5.2). AMUX
input pairs can be programmed to operate in either differential or single-ended mode. This allows the user
to select the best measurement technique for each input channel, and even accommodates mode
changes "on-the-fly". The AMUX defaults to all single-ended inputs upon reset. There are two registers
associated with the AMUX: the Channel Selection register AMXOSL (SFR Definition 5.2), and the Configu-
ration register AMXOCF (SFR Definition 5.1). The table in SFR Definition 5.2 shows AMUX functionality by
channel, for each possible configuration. The PGA amplifies the AMUX output signal by an amount deter-
mined by the states of the AMPOGN2-0 bits in the ADCO Configuration register, ADCOCF (SFR Definition
5.3). The PGA can be software-programmed for gains of 0.5, 2, 4, 8 or 16. Gain defaults to unity on reset.
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The Temperature Sensor transfer function is shown in Figure 5.2. The output voltage (Vtgmp) is the PGA
input when the Temperature Sensor is selected by bits AMX0AD3-0 in register AMXOSL; this voltage will
be amplified by the PGA according to the user-programmed PGA settings. Typical values for the Slope and
Offset parameters can be found in Table 5.1.

4
-
-
-
o
-

|:| Slope (V / deg C)

Offset (V at 0 Celsius)

Voltage
L ]

A

Vtemp = (Slope x Tempg) + Offset

Tempc = (Vremp - Offset) / Slope

o
)

100
Temperature (Celsius)

Figure 5.2. Typical Temperature Sensor Transfer Function
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5.2. ADC Modes of Operation

ADCO has a maximum conversion speed of 100 ksps. The ADCO conversion clock is derived from the sys-
tem clock divided by the value held in the ADCSC bits of register ADCOCF.

5.2.1. Starting a Conversion

A conversion 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. Conversions may be initiated by:

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

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

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

Eal A

The ADOBUSY bit is set to logic 1 during conversion and restored to logic 0 when conversion is complete.
The falling edge of ADOBUSY triggers an interrupt (when enabled) and sets the ADOINT interrupt flag
(ADCOCN.5). Converted data is available in the ADCO data word MSB and LSB registers, ADCOH, ADCOL.
Converted data can be either left or right justified in the ADCOH:ADCOL register pair (see example in
Figure 5.5) depending on the programmed state of the ADOLJST bit in the ADCOCN register.

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

Step 1. Write a ‘0’ to ADOINT;
Step 2. Write a ‘1’ to ADOBUSY;
Step 3. Poll ADOINT for ‘1’;
Step 4. Process ADCO data.

When CNVSTRO is used as a conversion start source, it must be enabled in the crossbar, and the corre-
sponding pin must be set to open-drain, high-impedance mode (see Section “18. Port Input/Output” on
page 235 for more details on Port I/O configuration).
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5.2.2. Tracking Modes

The ADOTM bit in register ADCOCN controls the ADCO track-and-hold mode. In its default state, the ADCO
input is continuously tracked when a conversion is not in progress. When the ADOTM bit is logic 1, ADCO
operates in low-power track-and-hold mode. In this mode, each conversion is preceded by a tracking
period of 3 SAR clocks (after the start-of-conversion signal). When the CNVSTRO signal is used to initiate
conversions in low-power tracking mode, ADCO tracks only when CNVSTRO is low; conversion begins on
the rising edge of CNVSTRO (see Figure 5.3). Tracking can also be disabled (shutdown) when the entire
chip is in low power standby or sleep modes. Low-power track-and-hold mode is also useful when AMUX
or PGA settings are frequently changed, to ensure that settling time requirements are met (see Section
“5.2.3. Settling Time Requirements” on page 59).

A. ADC Timing for External Trigger Source

CNVSTRO
(ADOCM[1:0]=10)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

SARClocks 1777777777/

ADCOTM=1 Low Power Track Convert Low Power Mode
or Convert

ADCOTM=0 Track Or Convert Convert Track

B. ADC Timing for Internal Trigger Sources

Timer 2, Timer 3 Overflow;

Write '1' to ADOBUSY |_|

(ADOCM[1:0]=00, 01, 11)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

SAR Clocks m

ADCOTM=1 | LOW Power | - ok Convert Low Power Mode
or Convert

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

SAR Clocks W

ADCOTM=0 | Lrackor Convert Track
Convert

Figure 5.3. ADCO Track and Conversion Example Timing
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5.2.3. Settling Time Requirements

A minimum tracking time is required before an accurate conversion can be performed. This tracking time is
determined by the ADCO MUX resistance, the ADCO sampling capacitance, any external source resis-
tance, and the accuracy required for the conversion. Figure 5.4 shows the equivalent ADCO input circuits
for both Differential and Single-ended modes. Notice that the equivalent time constant for both input cir-
cuits is the same. The required settling time for a given settling accuracy (SA) may be approximated by
Equation 5.1. When measuring the Temperature Sensor output, Rtg7a. reduces to Ryyx. An absolute

minimum settling time of 1.5 us is required after any MUX or PGA selection. Note that in low-power track-
ing mode, three SAR clocks are used for tracking at the start of every conversion. For most applications,
these three SAR clocks will meet the tracking requirements.

2n
t= ln(S_A) X RrotaLCsampLE

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

RtotaL is the sum of the ADCO MUX resistance and any external source resistance.

n is the ADC resolution in bits (12).

Differential Mode Single-Ended Mode
MUX Select MUX Select
AINO.x [} AINo.x [H}—o
Ryux = 5k Ryux = 5k
CSAMPLE = lopF —‘|7 CSAMPLE = lopF
RC\pu™ Ruux * Csampie 1 RC,pu™ Ruux * Csampre =
CsampLe = 10pF
ANoy [X}—o
T Ryux = 5K
MUX Select

Figure 5.4. ADCO Equivalent Input Circuits
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SFR Definition 5.1. AMXOCF: AMUXO0 Configuration

SFRPage: O
SFR Address: OXBA

RIW RIW RIW RIW RIW RIW RIW RIW
- - - - AING7IC | AIN4S5IC | AIN23IC | AINO1IC
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7—4: UNUSED. Read = 0000b; Write = don'’t care.
Bit3: AING67IC: AINO.6, AINO.7 Input Pair Configuration Bit.
0: AINO.6 and AINO.7 are independent single-ended inputs.
1: AINO.6, AINO.7 are (respectively) +, — differential input pair.
Bit2: AIN45IC: AINO.4, AINO.5 Input Pair Configuration Bit.
0: AINO.4 and AINO.5 are independent single-ended inputs.
1: AINO.4, AINO.5 are (respectively) +, — differential input pair.
Bitl: AIN23IC: AINO.2, AINO.3 Input Pair Configuration Bit.
0: AINO.2 and AINO.3 are independent single-ended inputs.
1: AINO.2, AINO.3 are (respectively) +, — differential input pair.
BitO: AINO1IC: AINO.O, AINO.1 Input Pair Configuration Bit.
0: AINO.O and AINO.1 are independent single-ended inputs.
1: AINO.O, AINO.1 are (respectively) +, — differential input pair.

Note: The ADCO Data Word is in 2's complement format for channels configured as differential.

Reset Value

00000000
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SFR Definition 5.2. AMX0SL: AMUXO0 Channel Select

SFRPage: O
SFR Address: OxBB

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
- - - - AMXO0AD3|AMX0AD2|AMX0AD1|AMX0ADO|00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7—4: UNUSED. Read = 0000b; Write = don’t care.
Bits3—0: AMXO0AD3-0: AMX0 Address Bits.
0000-1111b: ADC Inputs selected per chart below.

AMXO0AD3-0

0000 0001 0010 0011 0100 0101 0110 0111 Ixxx

0000 | AINO.O | AINO.L | AINO.2 | AINO.3 | AINO.4 | AINO.5 | AINO.6 | AINO.7 SEE'\S"SR
0001 tgﬁ:sg% AINO.2 AINO.3 AINO.4 AINO.5 AINO.6 AINO.7 SEE'\S/'SR
0010 | AINO.O | AINO.1 igﬁ:mg:g AINO.4 | AINO.5 | AINO.6 | AINO.7 SEE"S"(';R
0011 i&:mg:g; igﬁ:sgg AINO.4 AINO.5 AINO.6 AINO.7 SEEZ'SR
0100 | AINO.O | AINO.L | AINO.2 | AINO.3 igﬁ:::g:g AINO.6 | AINO.7 SEE"SASR
0101 igﬁmg:g; AINO.2 AINO.3 igﬁ:mg:g AINO.6 AINO.7 SEE'\SASR
i 0110 | AN0O | AINO.L tgﬁ:ﬂg:g tgﬁmg:gg ANos | Ano7 | TENE
é 1000 | AINO.O | AINO.1 | AINO.2 | AINO.3 | AINO.4 | AINO.5 igﬁ:mg:sg SEE"SASR
% 1001 i&:&'g:g; AINO.2 AINO.3 AINO.4 AINO.5 iEﬁ:HS:?; SEE!SR
1010 | AINO.O | AINO.1 igﬁ:k"gg AINO.4 | AINO.5 igﬁmg:sg onaoR
1100 ] AINO.O AINO.1 AINO.2 AINO.3 igﬁmg:g igﬁmgg SEE'\SASR
1111 |HANo.0) +(AINO.2) +(AINO.4) +(AINO.6) TEMP
~(AINO.1) ~(AINO.3) ~(AINO.5) ~(AINO.7) SENSOR
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SFR Definition 5.3. ADCOCF: ADCO Configuration

SFRPage: O
SFR Address: 0xBC
R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
ADOSC4 | ADOSC3 | ADOSC2 | ADOSC1 | ADOSCO |AMPOGN2|AMPOGN1|/AMPOGNO| 11111000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7—-3: ADOSC4-0: ADCO SAR Conversion Clock Period Bits.
The SAR Conversion clock is derived from system clock by the following equation, where
ADOSC refers to the 5-bit value held in ADOSC4-0, and CLKgaRq refers to the desired ADCO

SAR clock (Note: the ADCO SAR Conversion Clock should be less than or equal to
2.5 MHz).

SYSCLK

m -1 (ADOSC > 00000b)

ADOSC =

When the ADOSC bits are equal to 00000b, the SAR Conversion clock is equal to SYSCLK
to facilitate faster ADC conversions at slower SYSCLK speeds.

Bits2—0: AMPOGN2-0: ADCO Internal Amplifier Gain (PGA).
000: Gain=1
001: Gain=2
010: Gain=4
011: Gain=8
10x: Gain = 16
11x: Gain = 0.5
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SFR Definition 5.4. ADCOCN: ADCO Control

SFRPage: O

SFR Address: OXE8 (bit addressable)
R/W R/W R/W R/W R/W R/W R/W R/IW Reset Value
ADOEN | ADOTM \ADOINT|ADOBUSY\ ADOCM1 | ADOCMO | ADOWINT | ADOLJST |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bit7: ADOEN: ADCO Enable Bit.
0: ADCO Disabled. ADCO is in low-power shutdown.
1: ADCO Enabled. ADCO is active and ready for data conversions.
Bit6: ADOTM: ADC Track Mode Bit.
0: When the ADC is enabled, tracking is continuous unless a conversion is in process.
1: Tracking Defined by ADCM1-0 bits.
Bit5: 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.
Bit4: 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.
Bits3-2: ADOCM1-0: ADCO Start of Conversion Mode Select.
If ADOTM = O:
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 lasts for 3 SAR clocks, followed by
conversion.
01: Tracking started by the overflow of Timer 3 and lasts for 3 SAR clocks, followed by con-
version.
10: ADCO tracks only when CNVSTRO input is logic low; conversion starts on rising
CNVSTRO edge.
11: Tracking started by the overflow of Timer 2 and lasts for 3 SAR clocks, followed by con-
version.
Bit1: 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.
Bit0: ADOLJST: ADCO Left Justify Select.
0: Data in ADCOH:ADCOL registers are right-justified.
1: Data in ADCOH:ADCOL registers are left-justified.
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SFR Definition 5.5. ADCOH: ADCO Data Word MSB

SFRPage: O
SFR Address: OXBF
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

Bits7—0: ADCO Data Word High-Order Bits.

For ADOLJST = 0O: Bits 7—4 are the sign extension of Bit3. Bits 3—0 are the upper 4 bits of the
12-bit ADCO Data Word.

For ADOLJST = 1: Bits 7-0 are the most-significant bits of the 12-bit ADCO Data Word.

SFR Definition 5.6. ADCOL: ADCO Data Word LSB

SFRPage: O
SFR Address: OXBE

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

Bits7-0: ADCO Data Word Low-Order Bits.

For ADOLJST = 0: Bits 7-0 are the lower 8 bits of the 12-bit ADCO Data Word.

For ADOLJST = 1: Bits 7—4 are the lower 4 bits of the 12-bit ADCO Data Word. Bits 3—0 will
always read ‘0'.
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12-bit ADCO Data Word appears in the ADCO Data Word Registers as follows:
ADCOH[3:0):ADCOL][7:0], if ADOLJST =0
(ADCOH[7:4] will be sign-extension of ADCOH.3 for a differential reading, otherwise

0000b).

ADCOH[7:0]:ADCOL[7:4], if ADOLJST = 1
(ADCOL[3:0] = 0000b).

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

AINO.O—-AGND ADCOH:ADCOL ADCOH:ADCOL
(Volts) (ADOLJST = 0) (ADOLJST = 1)
VREF x (4095/4096) OXOFFF OXFFFO
VREF /2 0x0800 0x8000
VREF x (2047/4096) OXO7FF OX7FF0
0 0x0000 0x0000

Example: ADCO Data Word Conversion Map, AINO.0-AINO.1 Differential Input Pair
(AMXOCF = 0x01, AMXOSL = 0x00)

AINO.0-AINO.1 ADCOH:ADCOL ADCOH:ADCOL
(Volts) (ADOLJST = 0) (ADOLJST = 1)
VREF x (2047/2048) OxXO7FF Ox7FFO
VREF /2 0x0400 0x4000
VREF x (1/2048) 0x0001 0x0010
0 0x0000 0x0000
—VREF x (1/2048) OXFFFF (—1d) OXFFFO
-VREF /2 0xFCO00 (-1024d) 0xC000
—VREF 0xF800 (—2048d) 0x8000
For ADOLJST =0:
o Gain . . . . .
Code = Vinx VREE x 2" ‘n’ = 12 for Single-Ended; ‘n’=11 for Differential.

Figure 5.5. ADCO Data Word Example
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5.3. 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). Reference comparisons are shown starting
on page 68. Notice that the window detector flag can be asserted when the measured data is inside or out-
side the user-programmed limits, depending on the programming of the ADCOGTx and ADCOLTX regis-

ters.
SFR Definition 5.7. ADCOGTH: ADCO Greater-Than Data High Byte
SFRPage: O
SFR Address: 0XC5
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

Bits7—0: High byte of ADCO Greater-Than Data Word.

SFR Definition 5.8. ADCOGTL: ADCO Greater-Than Data Low Byte

SFRPage: O
SFR Address: 0XC4
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

Bits7-0: Low byte of ADCO Greater-Than Data Word.
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SFR Definition 5.9. ADCOLTH: ADCO Less-Than Data High Byte

SFRPage: O
SFR Address: OXC7

RIW RIW RIW RIW RIW RIW RIW RIW Reset Value
00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7—0: High byte of ADCO Less-Than Data Word.

SFR Definition 5.10. ADCOLTL: ADCO Less-Than Data Low Byte

SFR Page: O
SFR Address: OxC6
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

Bits7—0: Low byte of ADCO Less-Than Data Word.
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Input Voltage ADC Data
(ADO.0 - AGND) Word
REF x (4095/4096) OXOFFF
ADOWINT
not affected
0x0201
REF x (512/4096) 0x0200 ADCOLTH:ADCOLTL
REF x (256/4096) 0x0100 ADCOGTH:ADCOGTL
O0x00FF
ADOWINT
not affected
0 0x0000
Given:

AMXOSL = 0x00, AMXOCF = 0x00

ADOLJST ='0’,

ADCOLTH:ADCOLTL = 0x0200,
ADCOGTH:ADCOGTL = 0x0100.

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

< 0x0200 and > 0x0100.

Input Voltage
(ADO.0 - AGND)

REF X (4095/4096)

ADC Data

ADOWINT=1

REF x (512/4096) 0x0200 | ADCOGTH:ADCOGTL
Ox01FF ADOWINT
0x0101 not affected

REF x (256/4096) 0x0100 | ADCOLTH:ADCOLTL

ADOWINT=1

Given:

AMXOSL = 0x00, AMXOCF = 0x00,
ADOLJST ='0’,

ADCOLTH:ADCOLTL = 0x0100,
ADCOGTH:ADCOGTL = 0x0200.

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

> 0x0200 or < 0x0100.

Figure 5.6. 12-Bit ADCO Window Interrupt Example: Right Justified Single-Ended

Data
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Input Voltage ADC Data
(ADO0.0 - ADO.1) Word
REF x (2047/2048) 0x07FF
ADOWINT
not affected
0x0101
REF x (256/2048) 0x0100 ADCOLTH:ADCOLTL

Input Voltage
(ADO0.0 - ADO.1)

REF x (2047/2048)

ADC Data
Word

ADOWINT=1

" REF x (256/2048) ADCOGTH:ADCOGTL

~ REFx(-1/2048) ADCOGTH:ADCOGTL

OXFFFF
OXFFFE
ADOWINT
not affected
-REFE 0xF800
Given:

AMXOSL = 0x00, AMXOCF = 0x01,
ADOLJST =0,

ADCOLTH:ADCOLTL = 0x0100,
ADCOGTH:ADCOGTL = OXFFFF.

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

< 0x0100 and > OxFFFF. (In 2s-complement
math, OXFFFF = -1.)

0x0100
Ox00FF ADOWINT
0x0000 not affected
REF x (-1/2048) OXFFFF | ADCOLTH:ADCOLTL

ADOWINT=1

e REE
Given:
AMXOSL = 0x00, AMXOCF = 0x01,
ADOLJST =0,

ADCOLTH:ADCOLTL = OxFFFF,
ADCOGTH:ADCOGTL = 0x0100.

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

< OXFFFF or > 0x0100. (In 2s-complement
math, OXFFFF = -1.)

Figure 5.7. 12-Bit ADCO Window Interrupt Example: Right Justified Differential

Data
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Input Voltage ADC Data
(ADO0.0 - AGND) Word
REF x (4095/4096) OxFFFO
ADOWINT
not affected
0x2010
REF x (512/4096) 0x2000 ADCOLTH:ADCOLTL

" REF x (256/4096) ADCOGTH:ADCOGTL

0x1000
OXOFFO0
ADOWINT
not affected
0 0x0000

Given:

AMXOSL = 0x00, AMXOCF = 0x00,
ADOLJST = ‘1",

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

(AD0.0 - AGND)

REF x (4095/4096)

ADC Data

Word

ADOWINT=1

REF x (512/4096) 0x2000 | ADCOGTH:ADCOGTL
OXIFFO ADOWINT
0x1010 not affected

REF x (256/4096) 0x1000 | ADCOLTH:ADCOLTL

ADOWINT=1

S A
Given:
AMXOSL = 0x00, AMXOCF = 0x00,
ADOLJST =1’
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
< 0x1000 or > 0x2000.

Figure 5.8. 12-Bit ADCO Window Interrupt Example: Left Justified Single-Ended

Data
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Input Voltage ADC Data Input Voltage ADC Data
(AD0.0 - ADO.1) Word (AD0.0 - ADO.1)
REF x (2047/2048) OX7FFO REF x (2047/2048)
ADOWINT _
not affected ADOWINT=1
ox0 | . joe0 )
REF x (256/2048) 0x1000 | ADCOLTH:ADCOLTL REF x (256/2048) 0x1000 [ ADCOGTH:ADCOGTL
"""""""""""""""""" 0XOFFO
ADOWINT=1 ADOWINT
0x0000 not affected
REF x (-1/2048) OXFFFO | ADCOGTH:ADCOGTL REF x (-1/2048) OXFFFO | ADCOLTH:ADCOLTL
OXFFEO
ADOWINT ADOWINT=1
not affected
-REF 0x8000
Given: Given:
AMXOSL = 0x00, AMXOCF = 0x01, AMXOSL = 0x00, AMXOCF = 0x01,
ADOLJST =1, ADOLJST =1,
ADCOLTH:ADCOLTL = 0x1000, ADCOLTH:ADCOLTL = OxFFFO,
ADCOGTH:ADCOGTL = OxFFFO. ADCOGTH:ADCOGTL = 0x1000.
An ADCO End of Conversion will cause an An ADCO End of Conversion will cause an
ADCO Window Compare Interrupt (ADOWINT ADCO Window Compare Interrupt (ADOWINT
='1") if the resulting ADCO Data Word is = '1") if the resulting ADCO Data Word is
< 0x1000 and > OxFFFO. (2s-complement < OxFFFO or > 0x1000. (2s-complement math.)
math.)

Figure 5.9. 12-Bit ADCO Window Interrupt Example: Left Justified Differential Data
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Table 5.1. 12-Bit ADCO Electrical Characteristics (C8051F120/1/4/5)
Vpp =3.0V, AV+=3.0V, VREF = 2.40 V (REFBE = 0), PGA Gain = 1, —40 to +85 °C unless otherwise specified.

Parameter | Conditions | Min | Typ | Max | Units
DC Accuracy
Resolution 12 bits
Integral Nonlinearity — — +1 LSB
Differential Nonlinearity Guaranteed Monotonic — — +1 LSB
Offset Error — -3z1 — LSB
Full Scale Error Differential mode — —7+£3 — LSB
Offset Temperature Coefficient — | £0.25 — ppm/°C
Dynamic Performance (10 kHz sine-wave input, 0 to 1 dB below Full Scale, 100 ksps
Signal-to-Noise Plus Distortion 66 — — dB
Total Harmonic Distortion Up to the 5" harmonic — -75 — dB
Spurious-Free Dynamic Range — 80 — dB
Conversion Rate
SAR Clock Frequency — — 2.5 MHz
Conversion Time in SAR Clocks 16 — — clocks
Track/Hold Acquisition Time 15 — — us
Throughput Rate — — 100 ksps
Analog Inputs
Input Voltage Range Single-ended operation 0 — | VREF
*Common-mode Voltage Range |Differential operation AGND| — AV+
Input Capacitance — 10 — pF
Temperature Sensor
Linearity® — | #02 | — °C
Offset (Temp =0 °C) — 776 — mV
Offset Error!: 2 (Temp =0 °C) — 8.5 — mV
Slope — 2.86 — mV/°C
Slope Error? — |+0.034| — mV / °C
Power Specifications

EA(\)\\/A:_ e;uSpUpr;ipel 3; t%”:gg Operating Mode, 100 ksps — | 450 | 900 HA
Power Supply Rejection — +0.3 — mV/V

Notes:
1. Includes ADC offset, gain, and linearity variations.
2. Represents one standard deviation from the mean.

72 Rev. 1.4

SILICON LABS



C8051F120/1/2/3/4/5/6/7 C8051F130/1/2/3

6. ADCO (10-Bit ADC, C8051F122/3/6/7 and C8051F13x Only)

The ADCO subsystem for the C8051F122/3/6/7 and C8051F13x consists of a 9-channel, configurable ana-
log multiplexer (AMUXO0), a programmable gain amplifier (PGAQ), and a 100 ksps, 10-bit successive-
approximation-register ADC with integrated track-and-hold and Programmable Window Detector (see
block diagram in Figure 6.1). The AMUXO0, PGAO, Data Conversion Modes, and Window Detector are all
configurable under software control via the Special Function Registers shown in Figure 6.1. The voltage
reference used by ADCO is selected as described in Section “9. Voltage Reference” on page 113. The
ADCO subsystem (ADCO, track-and-hold and PGAO) is enabled only when the ADOEN bit in the ADCO
Control register (ADCOCN) is set to logic 1. The ADCO subsystem is in low power shutdown when this bit is
logic 0.

| ADCOGTH | | ADCOGTL | [ ADCOLTH | | ADCOLTL |
I l l l 20, .| Comb.
L . & > Logic 3 ADOWINT
E Y
|
AINO.0 \ ~ 1
| O —
AINO.1 - Y
I 5]
AINO.2 ' =
' 3
AINO.3 | 9-to-1 =
AINO.4 X}—».'L_ )
’ . | (SEor X 10 |
AINO.5 I _| DIFF) —
- -
AINO.6 '
: 3
AINO.7 - 8
<
=
J § " (00 |— ADoBUSY (W)
‘ < Start Conversion | 01 —— Timer 3 Overflow
i — [ o = Ay 10 —— CNVSTRO
m[N[[o N=]= > — .
[G)(S)(®)(S] — 11+——T 2 Overfl
SEE 222E| BBREREEG =kkBEEER et 2 Overfow
oz SRRE|l 222B28RE EEERRISERE =
ZIZIZI= = i e la]la] ] (2] == = lli(a]a](a](a] 2] (2] /2] /2] O
I e <<= <<z<zER <<<l<l<lzl<lz =
AMXOCF AMXOSL ADCOCF ADCOCN <

Figure 6.1. 10-Bit ADCO Functional Block Diagram

6.1. Analog Multiplexer and PGA

Eight of the AMUX channels are available for external measurements while the ninth channel is internally
connected to an on-chip temperature sensor (temperature transfer function is shown in Figure 6.2). AMUX
input pairs can be programmed to operate in either differential or single-ended mode. This allows the user
to select the best measurement technique for each input channel, and even accommodates mode
changes "on-the-fly". The AMUX defaults to all single-ended inputs upon reset. There are two registers
associated with the AMUX: the Channel Selection register AMXOSL (SFR Definition 6.2), and the Configu-
ration register AMXOCF (SFR Definition 6.1). The table in SFR Definition 6.2 shows AMUX functionality by
channel, for each possible configuration. The PGA amplifies the AMUX output signal by an amount deter-
mined by the states of the AMPOGN2-0 bits in the ADCO Configuration register, ADCOCF (SFR Definition
6.3). The PGA can be software-programmed for gains of 0.5, 2, 4, 8 or 16. Gain defaults to unity on reset.
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The Temperature Sensor transfer function is shown in Figure 6.2. The output voltage (Vtgmp) is the PGA

input when the Temperature Sensor is selected by bits AMX0AD3-0 in register AMXOSL; this voltage will
be amplified by the PGA according to the user-programmed PGA settings. Typical values for the Slope and

Offset parameters can be found in Table 6.1.

o
L,
-

|:| Slope (V / deg C)

Offset (V at 0 Celsius)

Voltage

<

Vrewp = (Slope x Tempg) + Offset

Tempc = (Vrewp - Offset) / Slope

5
=)

100
Temperature (Celsius)

Figure 6.2. Typical Temperature Sensor Transfer Function
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6.2. ADC Modes of Operation

ADCO has a maximum conversion speed of 100 ksps. The ADCO conversion clock is derived from the sys-
tem clock divided by the value held in the ADCSC bits of register ADCOCF.

6.2.1. Starting a Conversion

A conversion 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. Conversions may be initiated by:

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

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

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

Eal A

The ADOBUSY bit is set to logic 1 during conversion and restored to logic 0 when conversion is complete.
The falling edge of ADOBUSY triggers an interrupt (when enabled) and sets the ADOINT interrupt flag
(ADCOCN.5). Converted data is available in the ADCO data word MSB and LSB registers, ADCOH, ADCOL.
Converted data can be either left or right justified in the ADCOH:ADCOL register pair (see example in
Figure 6.5) depending on the programmed state of the ADOLJST bit in the ADCOCN register.

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

Step 1. Write a ‘0’ to ADOINT;
Step 2. Write a ‘1’ to ADOBUSY;
Step 3. Poll ADOINT for ‘1’;
Step 4. Process ADCO data.

When CNVSTRO is used as a conversion start source, it must be enabled in the crossbar, and the corre-
sponding pin must be set to open-drain, high-impedance mode (see Section “18. Port Input/Output” on
page 235 for more details on Port I/O configuration).
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6.2.2. Tracking Modes

The ADOTM bit in register ADCOCN controls the ADCO track-and-hold mode. In its default state, the ADCO
input is continuously tracked when a conversion is not in progress. When the ADOTM bit is logic 1, ADCO
operates in low-power track-and-hold mode. In this mode, each conversion is preceded by a tracking
period of 3 SAR clocks (after the start-of-conversion signal). When the CNVSTRO signal is used to initiate
conversions in low-power tracking mode, ADCO tracks only when CNVSTRO is low; conversion begins on
the rising edge of CNVSTRO (see Figure 6.3). Tracking can also be disabled (shutdown) when the entire
chip is in low power standby or sleep modes. Low-power track-and-hold mode is also useful when AMUX
or PGA settings are frequently changed, to ensure that settling time requirements are met (see Section
“6.2.3. Settling Time Requirements” on page 77).

A. ADC Timing for External Trigger Source

CNVSTRO
(ADOCM[1:0]=10)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

SARClocks 7222 )

ADCOTM=1 Low Power Track Convert Low Power Mode
or Convert
ADCOTM=0 Track Or Convert Convert Track

B. ADC Timing for Internal Trigger Sources
Timer 2, Timer 3 Overflow; /—\
Write '1' to ADOBUSY
(ADOCM[1:0]=00, 01, 11)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

SAR Clocks m

ADCOTM=1 | LOW Power | - ok Convert Low Power Mode
or Convert

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

SAR Clocks W

ADCOTM=0 | Lrackor Convert Track
Convert

Figure 6.3. ADCO Track and Conversion Example Timing

76 Rev. 1.4

SILICON LABS



C8051F120/1/2/3/4/5/6/7 C8051F130/1/2/3

6.2.3. Settling Time Requirements

A minimum tracking time is required before an accurate conversion can be performed. This tracking time is
determined by the ADCO MUX resistance, the ADCO sampling capacitance, any external source resis-
tance, and the accuracy required for the conversion. Figure 6.4 shows the equivalent ADCO input circuits
for both Differential and Single-ended modes. Notice that the equivalent time constant for both input cir-
cuits is the same. The required settling time for a given settling accuracy (SA) may be approximated by
Equation 6.1. When measuring the Temperature Sensor output, Rtgta. reduces to Ryyx. An absolute
minimum settling time of 1.5 us is required after any MUX or PGA selection. Note that in low-power track-
ing mode, three SAR clocks are used for tracking at the start of every conversion. For most applications,
these three SAR clocks will meet the tracking requirements.

- (2
t= ln(S_A) X RrotaLCsampLE

Equation 6.1. 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

RtoTaL is the sum of the ADCO MUX resistance and any external source resistance.

n is the ADC resolution in bits (10).

Differential Mode Single-Ended Mode
MUX Select MUX Select
AINOx X AINOx X—o
Ryux = 5k Ryux = 5k
CSAMPLE = lopF —A|7 CSAMPLE = lopF
RC,ou™ Ruux * Csampie RC, i Ruux * Csampie =

sampLe = 10PF

MUX ~

c
AINoy [X}—o T
R 5k

MUX Select

Figure 6.4. ADCO Equivalent Input Circuits
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SFR Definition 6.1. AMXOCF: AMUXO0 Configuration

SFRPage: O
SFR Address: OXBA
R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
- - - - AING67IC | AIN45IC | AIN23IC | AINO1IC |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
Bits7—4: UNUSED. Read = 0000b; Write = don't care.
Bit3: AING67IC: AINO.6, AINO.7 Input Pair Configuration Bit.
0: AINO.6 and AINO.7 are independent single-ended inputs.
1: AINO.6, AINO.7 are (respectively) +, - differential input pair.
Bit2: AIN45IC: AINO.4, AINO.5 Input Pair Configuration Bit.
0: AINO.4 and AINO.5 are independent single-ended inputs.
1: AINO.4, AINO.5 are (respectively) +, - differential input pair.
Bitl: AIN23IC: AINO.2, AINO.3 Input Pair Configuration Bit.
0: AINO.2 and AINO.3 are independent single-ended inputs.
1: AINO.2, AINO.3 are (respectively) +, - differential input pair.
Bit0: AINO1IC: AINO.0O, AINO.1 Input Pair Configuration Bit.
0: AINO.O and AINO.1 are independent single-ended inputs.
1: AINO.O, AINO.1 are (respectively) +, - differential input pair.
Note: The ADCO Data Word is in 2’'s complement format for channels configured as differential.
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SFR Definition 6.2. AMX0SL: AMUXO0 Channel Select

SFRPage: O
SFR Address: OxBB

R/W R/W R/W R/IW R/W R/W R/IW R/W Reset Value
- - - - AMXO0AD3|AMX0AD2|AMX0AD1|AMX0ADO|00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7—4: UNUSED. Read = 0000b; Write = don’t care.
Bits3—0: AMXO0AD3-0: AMX0 Address Bits.
0000-1111b: ADC Inputs selected per chart below.

AMXO0ADS-0

0000 0001 0010 0011 0100 0101 0110 0111 Ixxx

0000 | AINO.O | AINO.L | AINO.2 | AINO.3 | AINO.4 | AINO.5 | AINO.6 | AINO.7 SEE'\SASR
0001 tgﬁ:sg% AINO.2 | AINO.3 | AINO.4 | AINO.5 | AINO.6 | AINO.7 SEE'\S/'SR
0010 | AINO.O | AINO.1 igﬁ:mg:g AINO.4 | AINO.5 | AINO.6 | AINO.7 SEE"SASR
0011 i&:mg:g; igﬁ:sgg AINO.4 AINO.5 AINO.6 AINO.7 SEEZ'SR
0100 | AINO.O | AINO.L | AINO.2 | AINO.3 igﬁ:mg:gg AINO.6 | AINO.7 SEE"SASR
0101 igﬁmg:g; AINO.2 AINO.3 igﬁ:mg:g AINO.6 AINO.7 SEE'\SASR
2 0110 | AINO.O | AINO.1 tgﬁ:ﬂg:g tgﬁmg:gg AINO.6 | AINO.7 S;E'\S"SR
2 [ow Jans? A ines
g 1000 | AINO.O | AINO.1 | AINO.2 | AINO.3 | AINO.4 | AINO.5 igﬁ:mg:sg SEE'\SASR
Z | 2001 i&:&'g:g; AINO.2 | AINO.3 | AINO.4 | AINOS iEﬁ:Hg:g; i
1010 | AINO.O | AINO.1 igﬁ:k"gg AINO.4 | AINO.5 igﬁ:,’:‘lg:sg SEEBSASR
1100 ] AINO.O AINO.1 AINO.2 AINO.3 igﬁmg:gg igﬁmgfsg SEEI\SASR
1101 |"GRe anoz | amo3 |G Ao
1110 | AINO.O AINO.1 igﬁ:,’:}g:g iﬁﬁlﬂg;g iﬁﬁmg,’% SEE’\SASR
1111 |HANo.0) +(AINO.2) +(AINO.4) +(AINO.6) TEMP
~(AINO.1) ~(AINO.3) ~(AINO.5) ~(AINO.7) SENSOR
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SFR Definition 6.3. ADCOCF: ADCO Configuration

SFRPage: O
SFR Address: OxBC

R/W R/W R/W R/W R/W R/IW R/W R/W Reset Value
ADOSC4 | ADOSC3 | ADOSC2 | ADOSC1 | ADOSCO |AMPOGN2/AMPOGN1/AMPOGNO| 11111000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7—-3: ADOSC4-0: ADCO SAR Conversion Clock Period Bits.
SAR Conversion clock is derived from system clock by the following equation, where
ADOSC refers to the 5-bit value held in ADOSC4-0, and CLKgaRq refers to the desired ADCO

SAR clock (Note: the ADCO SAR Conversion Clock should be less than or equal to
2.5 MHz).

SYSCLK

m -1 (ADOSC > 00000b)

ADOSC =

When the ADOSC bits are equal to 00000b, the SAR Conversion clock is equal to SYSCLK
to facilitate faster ADC conversions at slower SYSCLK speeds.

Bits2-0: AMPOGN2-0: ADCO Internal Amplifier Gain (PGA).
000: Gain=1
001: Gain=2
010: Gain=4
011: Gain=18
10x: Gain =16
11x: Gain = 0.5
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SFR Definition 6.4. ADCOCN: ADCO Control

SFRPage: O
SFR Address: OXE8 (bit addressable)
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 |ADOLJST | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
Bit7:  ADOEN: ADCO Enable Bit.

Bit6:

Bit5:

Bit4:

Bits3—2:

Bitl:

BitO:

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

1: ADCO Enabled. ADCO is active and ready for data conversions.

ADOTM: ADC Track Mode Bit.

0: When the ADC is enabled, tracking is continuous unless a conversion is in process.

1: Tracking Defined by ADCM1-0 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 lasts for 3 SAR clocks, followed by
conversion.

01: Tracking started by the overflow of Timer 3 and lasts for 3 SAR clocks, followed by con-
version.

10: ADCO tracks only when CNVSTRO input is logic low; conversion starts on rising
CNVSTRO edge.

11: Tracking started by the overflow of Timer 2 and lasts for 3 SAR clocks, followed by con-
version.

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.

ADOLJST: ADCO Left Justify Select.

0: Data in ADCOH:ADCOL registers are right-justified.

1: Data in ADCOH:ADCOL registers are left-justified.
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SFR Definition 6.5. ADCOH: ADCO Data Word MSB

SFRPage: O
SFR Address: OXBF

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

00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7—0: ADCO Data Word High-Order Bits.

For ADOLJST = 0O: Bits 7—4 are the sign extension of Bit3. Bits 3—0 are the upper 4 bits of the
10-bit ADCO Data Word.

For ADOLJST = 1: Bits 7-0 are the most-significant bits of the 10-bit ADCO Data Word.

SFR Definition 6.6. ADCOL: ADCO Data Word LSB

SFRPage: O
SFR Address: OXBE
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

Bits7-0: ADCO Data Word Low-Order Bits.

For ADOLJST = 0: Bits 7-0 are the lower 8 bits of the 10-bit ADCO Data Word.

For ADOLJST = 1: Bits 7—4 are the lower 4 bits of the 10-bit ADCO Data Word. Bits 3—0 will
always read ‘0’.
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10-bit ADCO Data Word appears in the ADCO Data Word Registers as follows:
ADCOH[1:0):ADCOL][7:0], if ADOLJST =0
(ADCOH[7:2] will be sign-extension of ADCOH.1 for a differential reading, otherwise

000000b).

ADCOH[7:0]:ADCOL[7:6], if ADOLJST = 1
(ADCOL[5:0] = 00b).

Example: ADCO Data Word Conversion Map, AINO.O Input in Single-Ended Mode
(AMXOCF = 0x00, AMXO0SL = 0x00)

AINO.0—AGND ADCOH:ADCOL ADCOH:ADCOL
(Volts) (ADOLJST = 0) (ADOLJST = 1)
VREF x (1023/1024) OXO3FF OXFFCO
VREF / 2 0x0200 0x8000
VREF x (511/1024) OXO1FF OX7FCO
0 0x0000 0x0000

Example: ADCO Data Word Conversion Map, AINO.0-AINO.1 Differential Input Pair
(AMXOCF = 0x01, AMXO0SL = 0x00)

AINO.0-AINO.1 ADCOH:ADCOL ADCOH:ADCOL
(Volts) (ADOLJST = 0) (ADOLJST = 1)
VREF x (511/512) Ox01FF Ox7FCO
VREF /2 0x0100 0x4000
VREF x (1/512) 0x0001 0x0040
0 0x0000 0x0000
—VREF x (1/512) OXFFFF (—1d) OXFFCO
-VREF /2 OxFFO0O0 (—256d) 0xC000
—VREF OXFEO0O (-512d) 0x8000
For ADOLJST = 0:
o Gain _ . .
Code = Vinx VREF X 2":‘n’ = 10 for Single-Ended; ‘n’= 9 for Differential.

Figure 6.5. ADCO Data Word Example
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6.3. 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). Reference comparisons are shown starting
on page 87. Notice that the window detector flag can be asserted when the measured data is inside or out-
side the user-programmed limits, depending on the programming of the ADCOGTx and ADCOLTX regis-
ters.

SFR Definition 6.7. ADCOGTH: ADCO Greater-Than Data High Byte

SFRPage: O
SFR Address: OxC5

R/W RIW R/W R/W RIW R/W R/W R/W Reset Value
11111111

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7-0: High byte of ADCO Greater-Than Data Word.

SFR Definition 6.8. ADCOGTL: ADCO Greater-Than Data Low Byte

SFR Page: O
SFR Address: 0xC4

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

Bits7-0: Low byte of ADCO Greater-Than Data Word.
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SFR Definition 6.9. ADCOLTH: ADCO Less-Than Data High Byte

SFRPage: O
SFR Address: OXC7
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

Bits7—0: High byte of ADCO Less-Than Data Word.

SFR Definition 6.10. ADCOLTL: ADCO Less-Than Data Low Byte

SFR Page: O
SFR Address: 0XC6
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

Bits7—0: Low byte of ADCO Less-Than Data Word.
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Input Voltage ADC Data
(ADO.0 - AGND) Word
REF x (1023/1024) 0x03FF
ADWINT
not affected
0x0201
REF x (512/1024) 0x0200 ADCOLTH:ADCOLTL
" REF x (256/1024) | 0x0100 | ADCOGTH:ADCOGTL
OXO00FF
ADWINT
not affected
0 0x0000

Given:

AMXOSL = 0x00, AMXOCF = 0x00

ADOLJST =0,

ADCOLTH:ADCOLTL = 0x0200,
ADCOGTH:ADCOGTL = 0x0100.

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

< 0x0200 and > 0x0100.

Input Voltage
(ADO0.0 - AGND)

REF x (1023/1024)

ADC Data

ADWINT=1

0x0200
Ox01FF

ADWINT
not affected

0x0101
0x0100

ADWINT=1

Given:

AMXOSL = 0x00, AMXOCF = 0x00,
ADOLJST =0,

ADCOLTH:ADCOLTL = 0x0100,
ADCOGTH:ADCOGTL = 0x0200.

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

> 0x0200 or < 0x0100.

Figure 6.6. 10-Bit ADCO Window Interrupt Example: Right Justified Single-Ended

Data
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Input Voltage
(ADO.0 - ADO.1)

REF x (511/512)

ADC Data
Word
OXO01FF

ADWINT
not affected

0x0101
0x0100

REF x (-1/512) OXFFFF ADCOGTH:ADCOGTL
__________ OXFFFE T
ADWINT
not affected
____-REF ___ OxFEOO
Given:

AMXO0SL = 0x00, AMXOCF = 0x01,
ADOLJST =0,

ADCOLTH:ADCOLTL = 0x0100,
ADCOGTH:ADCOGTL = OxFFFF.

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

< 0x0100 and > OxFFFF. (In 2s-complement
math, OxFFFF = -1.)

Input Voltage
(ADO.0 - ADO.1)

REF x (511/512)

ADC Data

ADWINT=1

REF x (256/512) 0x0100 ADCOGTH:ADCOGTL
O0x00FF ADWINT
0x0000 not affected
"~ REFx(1/512) | OxFFFF | ADCOLTH:ADCOLTL

ADWINT=1
Given:
AMXOSL = 0x00, AMXOCF = 0x01,
ADOLJST =‘0’,

ADCOLTH:ADCOLTL = OxFFFF,
ADCOGTH:ADCOGTL = 0x0100.

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

< OXFFFF or > 0x0100. (In 2s-complement
math, OXFFFF = -1.)

Figure 6.7. 10-Bit ADCO Window Interrupt Example: Right Justified Differential

Data
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Input Voltage ADC Data
(ADO0.0 - AGND) Word
REF x (1023/1024) OxFFCO
ADWINT
not affected

0x8040
0x8000

0x4000

0x3FCO

ADWINT
not affected

0x0000

Given:
AMXOSL = 0x00, AMXOCF = 0x00,
ADOLJST = ‘1",

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
(ADO.0 - AGND)

REF x (1023/1024)

ADC Data
Word

ADWINT=1

0x8000

ADWINT
not affected

0x7FCO

0x4040

0x4000

ADWINT=1

Given:
AMXOSL = 0x00, AMXOCF = 0x00,
ADOLJST =1’

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

< 0x1000 or > 0x2000.

Figure 6.8. 10-Bit ADCO Window Interrupt Example: Left Justified Single-Ended

Data
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Input Voltage ADC Data

(ADO0.0 - ADO.1) Word
REF x (511/512) OX7FCO
ADWINT
not affected
0x2040
REF x (128/512) 0x2000 ADCOLTH:ADCOLTL
" REFx(-1/512) | OxFFCO |ADCOGTH:ADCOGTL
OxFF80
ADWINT
not affected
-REF 0x8000
Given:

AMXOSL = 0x00, AMXOCF = 0x01,
ADOLJST = ‘1",

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

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

< 0x2000 and > OxFFCO. (2s-complement
math.)

Input Voltage ADC Data
(ADO.0 - ADO.1)

REF x (511/512)

ADWINT=1

" REF x (128/512) 0x2000 | ADCOGTH:ADCOGTL
OXIFCO ADWINT
I oxoo00 | "otaffected
REF x (-1/512) OXFFCO | ADCOLTH:ADCOLTL
ADWINT=1

____REF___

Given:

AMXOSL = 0x00, AMXOCF = 0x01,

ADOLJST =1’,

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

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

< OxFFCO or > 0x2000. (2s-complement
math.)

Figure 6.9. 10-Bit ADCO Window Interrupt Example: Left Justified Differential Data
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Table 6.1. 10-Bit ADCO Electrical Characteristics (C8051F122/3/6/7 and C8051F13x)
Vpp =3.0V, AV+=3.0V, VREF = 2.40 V (REFBE = 0), PGA Gain = 1, —40 to +85 °C unless otherwise specified.

Parameter | Conditions [ Min ] Typ [ Max_ | Units
DC Accuracy
Resolution 10 bits
Integral Nonlinearity — — +1 LSB
Differential Nonlinearity Guaranteed Monotonic — — +1 LSB
Offset Error — +0.5 — LSB
Full Scale Error Differential mode — |-1.5+£0.5 — LSB
Offset Temperature Coefficient — +0.25 — ppm/°C
Dynamic Performance (10 kHz sine-wave input, O to 1 dB below Full Scale, 100 ksps
Signal-to-Noise Plus Distortion 59 — — dB
Total Harmonic Distortion Up to the 5" harmonic — -70 — dB
Spurious-Free Dynamic Range — 80 — dB
Conversion Rate
SAR Clock Frequency — — 2.5 MHz
Conversion Time in SAR Clocks 16 — — clocks
Track/Hold Acquisition Time 15 — — us
Throughput Rate — — 100 ksps
Analog Inputs
Input Voltage Range Single-ended operation 0 — VREF \%
*Common-mode Voltage Range |Differential operation AGND — AV+ \%
Input Capacitance — 10 — pF
Temperature Sensor
Linearity* — +0.2 — °C
Offset (Temp =0 °C) — 776 — mV
Offset Errort2 (Temp =0 °C) — +8.5 — mvV
Slope — 2.86 — mV/°C
Slope Error2 — +0.034 — mV/°C
Power Specifications

EA(\)\\/A:_ e;uSpUpr;ipel 3; t%”:gg Operating Mode, 100 ksps — 450 900 HA
Power Supply Rejection — +0.3 — mV/V

Notes:
1. Includes ADC offset, gain, and linearity variations.
2. Represents one standard deviation from the mean.
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7. ADC2 (8-Bit ADC, C8051F12x Only)

The C8051F12x devices include a second ADC peripheral (ADC2), which consists of an 8-channel, config-
urable analog multiplexer, a programmable gain amplifier, and a 500 ksps, 8-bit successive-approximation-
register ADC with integrated track-and-hold (see block diagram in Figure 7.1). ADC2 is fully configurable
under software control via the Special Function Registers shown in Figure 7.1. The ADC2 subsystem (8-bit
ADC, track-and-hold and PGA) is enabled only when the AD2EN bit in the ADC2 Control register
(ADC2CN) is set to logic 1. The ADC2 subsystem is in low power shutdown when this bit is logic 0. The
voltage reference used by ADC2 is selected as described in Section “9. Voltage Reference” on
page 113.

[ ADc2GTH | [ AbcaLTH ]
| | 16 Dig
»| Comp —l
X
-
O
— \ 2 AD2WINT
AIN2.0 (P1.0) X——{ * ) o
|
AIN2.1 (P1.1) -
AIN2.2 (P1.2) X———{ *
|
AIN2.3 (P1.3) MY X 8 Nl s
AIN2.4 (P1.4) L+ AMUX| | 2
|
AIN2.5 (P1.5) XF—— -
AIN2.6 (P1.6) X[———{ *
: 000 —— Write to AD2BUSY
AIN2.7 (P1.7) X  _ s 001 (— Timer 3 Overflow
3 g Start Conversion
N L " 010 — CNVSTR2
<
L 011 — Timer 2 Overflow
—L 1 | ! 1xx |— Write to ADOBUSY
elldlelles REE ol > N (synchronized with
= = = Z|Z]
522 339 133338 128 |z=L25EEE S Apco
2222 IR 122222 =Y |WNEEAARRR 3
ala|x|a 222 |glglglglgl |=|=] |g|lg|g|g|glglgla N
<4<g | << < < <l <<l <l <l 2
AMX2CF AMX2SL ADC2CF | ADC2CN

Figure 7.1. ADC2 Functional Block Diagram

7.1. Analog Multiplexer and PGA

Eight ADC2 channels are available for measurement, as selected by the AMX2SL register (see SFR Defi-
nition 7.2). The PGA amplifies the ADC2 output signal by an amount determined by the states of the
AMP2GNZ2-0 bits in the ADC2 Configuration register, ADC2CF (SFR Definition 7.3). The PGA can be soft-
ware-programmed for gains of 0.5, 1, 2, or 4. Gain defaults to 0.5 on reset.

Important Note: AIN2 pins also function as Port 1 I/O pins, and must be configured as analog inputs when
used as ADC?2 inputs. To configure an AIN2 pin for analog input, set to ‘0’ the corresponding bit in register
P1MDIN. Port 1 pins selected as analog inputs are skipped by the Digital I/O Crossbar. See Section
“18.1.5. Configuring Port 1 Pins as Analog Inputs” on page 240 for more information on configuring
the AIN2 pins.
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7.2. ADC2 Modes of Operation

ADC2 has a maximum conversion speed of 500 ksps. The ADC2 conversion clock (SAR2 clock) is a
divided version of the system clock, determined by the AD2SC bits in the ADC2CF register. The maximum
ADC2 conversion clock is 6 MHz.

7.2.1. Starting a Conversion

A conversion can be initiated in one of five ways, depending on the programmed states of the ADC2 Start
of Conversion Mode bits (AD2CM2-0) in ADC2CN. Conversions may be initiated by:

Writing a ‘1’ to the AD2BUSY bit of ADC2CN,;

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

A rising edge detected on the external ADC convert start signal, CNVSTRZ2;

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

Writing a ‘1’ to the ADOBUSY of register ADCOCN (initiate conversion of ADC2 and ADCO with
a single software command).

agrwnE

During conversion, the AD2BUSY bit is set to logic 1 and restored to 0 when conversion is complete. The
falling edge of AD2BUSY triggers an interrupt (when enabled) and sets the interrupt flag in ADC2CN. Con-
verted data is available in the ADC2 data word, ADC2.

When a conversion is initiated by writing a ‘1’ to AD2BUSY, it is recommended to poll AD2INT to determine
when the conversion is complete. The recommended procedure is:

Step 1. Write a ‘0’ to AD2INT;
Step 2. Write a ‘1’ to AD2BUSY;
Step 3. Poll AD2INT for ‘1’;
Step 4. Process ADC2 data.

When CNVSTR?2 is used as a conversion start source, it must be enabled in the crossbar, and the corre-
sponding pin must be set to open-drain, high-impedance mode (see Section “18. Port Input/Output” on
page 235 for more details on Port I/O configuration).

7.2.2. Tracking Modes

The AD2TM bit in register ADC2CN controls the ADC2 track-and-hold mode. In its default state, the ADC2
input is continuously tracked, except when a conversion is in progress. When the AD2TM bit is logic 1,
ADC?2 operates in low-power track-and-hold mode. In this mode, each conversion is preceded by a track-
ing period of 3 SAR clocks (after the start-of-conversion signal). When the CNVSTR2 signal is used to ini-
tiate conversions in low-power tracking mode, ADC2 tracks only when CNVSTR2 is low; conversion
begins on the rising edge of CNVSTR2 (see Figure 7.2). Tracking can also be disabled (shutdown) when
the entire chip is in low power standby or sleep modes. Low-power Track-and-Hold mode is also useful
when AMUX or PGA settings are frequently changed, due to the settling time requirements described in
Section “7.2.3. Settling Time Requirements” on page 94.

92 Rev. 1.4

SILICON LABS



C8051F120/1/2/3/4/5/6/7 C8051F130/1/2/3

A. ADC Timing for External Trigger Source

CNVSTR2 =
(AD2CM[2:0]=010)

1 2 3 4 5 6 7 8 9

SARClocks(ZZ2 )

AD2TM=1 Low Power Track Convert Low Power Mode
or Convert
AD2TM=0 Track or Convert Convert Track

B. ADC Timing for Internal Trigger Source
Write '1' to AD2BUSY,

Timer 3 Overflow,

Timer 2 Overflow, /\
Write '1' to ADOBUSY

(AD2CM[2:0]=000, 001, 011, 1xx)

1 2 3 4 5 6 7 8 9 10 11 12
{SARCIOCKSW

Low Power

AD2TM=1| o convert

Track ‘ Convert ‘ Low Power Mode

1 2 3 4 5 6 7 8 9

AD2TM=0| lrackor Convert Track
Convert

Figure 7.2. ADC2 Track and Conversion Example Timing
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7.2.3. Settling Time Requirements

A minimum tracking time is required before an accurate conversion can be performed. This tracking time is
determined by the ADC2 MUX resistance, the ADC2 sampling capacitance, any external source resis-
tance, and the accuracy required for the conversion. Figure 7.3 shows the equivalent ADC2 input circuit.
The required ADC2 settling time for a given settling accuracy (SA) may be approximated by Equation 7.1.
Note: An absolute minimum settling time of 800 ns required after any MUX selection. In low-power tracking
mode, three SAR2 clocks are used for tracking at the start of every conversion. For most applications,
these three SAR2 clocks will meet the tracking requirements.

- (2
t= In(S_A) X RrotaLCsampLE

Equation 7.1. ADC2 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 ADC2 MUX resistance and any external source resistance.

n is the ADC resolution in bits (8).

Differential Mode Single-Ended Mode
MUX Select MUX Select
AINZx <o AIN2x X
Ryux = 5K Ryux = 5K
CSAMPLE = SpF CSAMPLE = SpF
RC,pu™ Ruux * CsampLe RC\pu™ Ruux * CsampLe T

F

MUX —

CoampLe = 5P
AIN2y [X—o T
R 5k

MUX Select

Note: When the PGA gain is set to 0.5, C = 3pF

SAMPLE

Figure 7.3. ADC2 Equivalent Input Circuit
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SFR Definition 7.1. AMX2CF: AMUX2 Configuration

SFR Page: 2
SFR Address: OXBA

R/W R/W R/W R/W R/W R/IW R/W R/W Reset Value
- - - - PIN67IC | PIN45IC | PIN23IC | PINO1IC |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7—4: UNUSED. Read = 0000b; Write = don’t care.
Bit3: PING7IC: AIN2.6, AIN2.7 Input Pair Configuration Bit.

0: AIN2.6 and AIN2.7 are independent single-ended inputs.

1: AIN2.6 and AIN2.7 are (respectively) +, — differential input pair.
Bit2: PIN45IC: AIN2.4, AIN2.5 Input Pair Configuration Bit.

0: AIN2.4 and AIN2.5 are independent single-ended inputs.

1: AIN2.4 and AIN2.5 are (respectively) +, — differential input pair.
Bit1: PIN23IC: AIN2.2, AIN2.3 Input Pair Configuration Bit.

0: AIN2.2 and AIN2.3 are independent single-ended inputs.

1: AIN2.2 and AIN2.3 are (respectively) +, — differential input pair.
BitO: PINO1IC: AIN2.0, AIN2.1 Input Pair Configuration Bit.

0: AIN2.0 and AIN2.1 are independent single-ended inputs.

1: AIN2.0 and AIN2.1 are (respectively) +, — differential input pair.

Note: The ADC2 Data Word is in 2's complement format for channels configured as differential.
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SFR Definition 7.2. AMX2SL: AMUX2 Channel Select

SFR Page: 2
SFR Address: OxBB
R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
- - - - AMX2AD2|AMX2AD1|AMX2ADO0| 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
Bits7-3: UNUSED. Read = 00000b; Write = don’t care.
Bits2-0: AMX2AD2-0: AMX2 Address Bits.
000-111b: ADC Inputs selected per chart below.
AMX2AD2-0
000 001 010 011 100 101 110 111
0000 AIN2.0 AIN2.1 AIN2.2 AIN2.3 AIN2.4 AIN2.5 AIN2.6 AIN2.7
+(AIN2.0)
0001 _(AIN2.1) AIN2.2 AIN2.3 AIN2.4 AIN2.5 AIN2.6 AIN2.7
+(AIN2.2)
0010 | AIN2.0 AIN21 | hiN2.3) AIN2.4 AIN2.5 AIN2.6 AIN2.7
+(AIN2.0) +(AIN2.2)
0011 _(AIN2.1) _(AIN2.3) AIN2.4 AIN2.5 AIN2.6 AIN2.7
+(AIN2.4)
0100 AIN2.0 AIN2.1 AIN2.2 AIN2.3 L(AIN25) AIN2.6 AIN2.7
+(AIN2.0) +(AIN2.4)
0101 _(AIN2.1) AIN2.2 AIN2.3 _(AIN2.5) AIN2.6 AIN2.7
+(AIN2.2) +(AIN2.4)
S 0110 AIN2.0 AIN2.1 _(AIN2.3) _(AIN2.5) AIN2.6 AIN2.7
™ +(AIN2.0) +(AIN2.2) +(AIN2.4)
g 0111 —(AIN2.1) —(AIN2.3) —(AIN2.5) AIN2.6 AIN2.7
+(AIN2.6)
§ 1000 | AIN20 AIN2.1 AIN2.2 AIN2.3 AIN2.4 AIN25 | N2 7)
x +(AIN2.0) +(AIN2.6)
<§E 1001 _(AIN2.1) AIN2.2 AIN2.3 AIN2.4 AIN2.5 _(AIN2.7)
+(AIN2.2) +(AIN2.6)
1010 AIN2.0 AIN2.1 L(AIN2.3) AIN2.4 AIN2.5 L(AIN2.7)
+(AIN2.0) +(AIN2.2) +(AIN2.6)
1011 | ainz1) ~(AIN2.3) AIN2.4 AIN2S | AIN2.7)
+(AIN2.4) +(AIN2.6)
1100 AIN2.0 AIN2.1 AIN2.2 AIN2.3 _(AIN2.5) ~(AIN2.7)
+(AIN2.0) +(AIN2.4) +(AIN2.6)
1101 _(AIN2.1) AIN2.2 AIN2.3 _(AIN2.5) (AIN2.7)
+(AIN2.2) +(AIN2.4) +(AIN2.6)
1110 AIN2.0 AIN2.1 —(AIN2.3) —(AIN2.5) —(AIN2.7)
1111 | HAIN20) +(AIN2.2) +(AIN2.4) +(AIN2.6)
—(AIN2.1) —(AIN2.3) —(AIN2.5) —(AIN2.7)
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SFR Definition 7.3. ADC2CF: ADC2 Configuration

SFR Page: 2
SFR Address: OxBC

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
AD2SC4 | AD2SC3 | AD2SC2 | AD2SC1 | AD2SCO - AMP2GN1/AMP2GNO| 11111000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7—-3: AD2SC4-0: ADC2 SAR Conversion Clock Period Bits.
SAR Conversion clock is derived from system clock by the following equation, where
AD2SC refers to the 5-bit value held in AD2SC4-0, and CLKgaRr» refers to the desired
ADC2 SAR clock (Note: the ADC2 SAR Conversion Clock should be less than or equal to
6 MHz).

AD2SC = SYSCLK _

1
CLKgaro
Bit2: UNUSED. Read = 0b; Write = don't care.
Bits1-0: AMP2GN1-0: ADC2 Internal Amplifier Gain (PGA).
00: Gain=0.5
01: Gain=1
10: Gain=2
11: Gain=4
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SFR Definition 7.4. ADC2CN: ADC2 Control

SFR Page: 2
SFR Address: OXE8 (bit addressable)

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
AD2EN | AD2TM \ AD2INT ‘ADZBUSY|AD2CM2 AD2CM1| AD2CMO |AD2WINT|00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
Bit7: AD2EN: ADC2 Enable Bit.

0: ADC2 Disabled. ADC2 is in low-power shutdown.
1: ADC2 Enabled. ADC2 is active and ready for data conversions.

Bit6: AD2TM: ADC2 Track Mode Bit.
0: Normal Track Mode: When ADC?2 is enabled, tracking is continuous unless a conversion
is in process.
1: Low-power Track Mode: Tracking Defined by AD2CM2-0 bits (see below).

Bit5: AD2INT: ADC2 Conversion Complete Interrupt Flag.

This flag must be cleared by software.
0: ADC2 has not completed a data conversion since the last time this flag was cleared.
1: ADC2 has completed a data conversion.
Bit4: AD2BUSY: ADC2 Busy Bit.
Read:
0: ADC2 Conversion is complete or a conversion is not currently in progress. AD2INT is set
to logic 1 on the falling edge of AD2BUSY.
1: ADC2 Conversion is in progress.
Write:
0: No Effect.
1: Initiates ADC2 Conversion if AD2CM2-0 = 000b
Bits3—-1: AD2CM2-0: ADC2 Start of Conversion Mode Select.
AD2TM = 0:
000: ADC2 conversion initiated on every write of ‘1’ to AD2BUSY.
001: ADC2 conversion initiated on overflow of Timer 3.
010: ADC2 conversion initiated on rising edge of external CNVSTR2.
011: ADC2 conversion initiated on overflow of Timer 2.
1xx: ADC2 conversion initiated on write of ‘1’ to ADOBUSY (synchronized with ADCO soft-
ware-commanded conversions).

AD2TM = 1:
000: Tracking initiated on write of ‘1’ to AD2BUSY for 3 SAR2 clocks, followed by conver-
sion.

001: Tracking initiated on overflow of Timer 3 for 3 SAR2 clocks, followed by conversion.
010: ADC2 tracks only when CNVSTR2 input is logic low; conversion starts on rising
CNVSTR2 edge.
011: Tracking initiated on overflow of Timer 2 for 3 SAR2 clocks, followed by conversion.
1xx: Tracking initiated on write of ‘1’ to ADOBUSY and lasts 3 SAR2 clocks, followed by con-
version.

Bit0: AD2WINT: ADC2 Window Compare Interrupt Flag.
This bit must be cleared by software.
0: ADC2 Window Comparison Data match has not occurred since this flag was last cleared.
1: ADC2 Window Comparison Data match has occurred.
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SFR Definition 7.5. ADC2: ADC2 Data Word

SFR Page: 2
SFR Address: OXBE

R/W R/W R/W R/W R/IW R/W R/W R/W Reset Value
00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7-0: ADC2 Data Word.

Single-Ended Example:

8-bit ADC Data Word appears in the ADC2 Data Word Register as follows:

Example: ADC2 Data Word Conversion Map, Single-Ended AIN2.0 Input
(AMX2CF = 0x00; AMX2SL = 0x00)

AIN2.0-AGND
(Volts) ADC2
VREF * (255/256) OXFF
VREF * (128/256) 0x80
VREF * (64/256) 0x40
0 0x00

: Gain

Code = Vinx VREF X 256

Differential Example:

8-bit ADC Data Word appears in the ADC2 Data Word Register as follows:

Example: ADC2 Data Word Conversion Map, Differential AIN2.0-AIN2.1 Input
(AMX2CF = 0x01; AMX2SL = 0x00)

AIN2.0-AIN2.1
(Volts) ADC2
VREF * (127/128) OX7F
VREF * (64/128) 0x40
0 0x00
—VREF * (64/128) 0xCO (-64d)
—VREF * (128/128) 0x80 (-128d)
. Gain
Code = Vinx > X VREF x 256

Figure 7.4. ADC2 Data Word Example
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7.3. ADC2 Programmable Window Detector

The ADC2 Programmable Window Detector continuously compares the ADC2 output to user-programmed
limits, and notifies the system when a desired condition is detected. This is especially effective in an inter-
rupt-driven system, saving code space and CPU bandwidth while delivering faster system response times.
The window detector interrupt flag (AD2WINT in register ADC2CN) can also be used in polled mode. The
ADC2 Greater-Than (ADC2GT) and Less-Than (ADC2LT) registers hold the comparison values. Example
comparisons for Differential and Single-ended modes are shown in Figure 7.6 and Figure 7.5, respectively.
Notice that the window detector flag can be programmed to indicate when measured data is inside or out-
side of the user-programmed limits, depending on the contents of the ADC2LT and ADC2GT registers.

7.3.1. Window Detector In Single-Ended Mode

Figure 7.5 shows two example window comparisons for Single-ended mode, with ADC2LT = 0x20 and
ADC2GT = 0x10. Notice that in Single-ended mode, the codes vary from 0 to VREF*(255/256) and are
represented as 8-bit unsigned integers. In the left example, an AD2WINT interrupt will be generated if the
ADC2 conversion word (ADC2) is within the range defined by ADC2GT and ADC2LT
(if 0x10 < ADC2 < 0x20). In the right example, and AD2WINT interrupt will be generated if ADC2 is outside
of the range defined by ADC2GT and ADC2LT (if ADC2 < 0x10 or ADC2 > 0x20).

ADC2 ADC2
Input Voltage A Input Voltage A

(AIN2.x - AGND) (AIN2.x - AGND)
REF x (255/256) OXFF REF x (255/256) OXFF
AD2WINT _
not affected AD2WINT=1
ox21 ox21
REF x (32/256) 0x20  |—] ADC2LT | REF x (32/256) 0x20  |—] ADC2GT |
OXIF OX1F
ADZWINT=1 ot afected
0x11 ox11
REF x (16/256) e ADC2GT | REF x (16/256) D ADC2LT |
OXOF 0XOF
AD2WINT AD2WINT=1
not affected
0 0%00 0 0x00

Figure 7.5. ADC2 Window Compare Examples, Single-Ended Mode
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7.3.2. Window Detector In Differential Mode

Figure 7.6 shows two example window comparisons for differential mode, with ADC2LT = 0x10 (+16d) and
ADC2GT = OxFF (-1d). Notice that in Differential mode, the codes vary from -VREF to VREF*(127/128)
and are represented as 8-bit 2's complement signed integers. In the left example, an AD2WINT interrupt
will be generated if the ADC2 conversion word (ADC2L) is within the range defined by ADC2GT and
ADC2LT (if OXFF (-1d) < ADC2 < 0xOF (16d)). In the right example, an AD2WINT interrupt will be gener-
ated if ADC2 is outside of the range defined by ADC2GT and ADC2LT (if ADC2 < OxFF (-1d) or ADC2 >
0x10 (+16d)).

ADC2
Input Voltage A Input Voltage
(AIN2.x - AIN2.y) (AIN2.x - AIN2.Y)
REF x (127/128) | Ox7F (127d) REF x (127/128)
AD2WINT _
not affected AD2WINT=1
0x11 (17d)
REF x (16/128) 0x10 (16d) |—] ADC2LT | REF x (16/128) 0x10 (16d) |—] ADC2GT |
"""""""""""""""""" OxOF (15d)
AD2WINT=1 ot afected
__________________________________ 0x00 (0d)
REF x (-1/256) OXFF (-1d) <—| ADC2GT | REF x (-1/256) OXFF (-1d) <—| ADC2LT |
OXFE (-2d)
AD2WINT AD2WINT=1
not affected
REE 0x80 (-128d)

Figure 7.6. ADC2 Window Compare Examples, Differential Mode
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SFR Definition 7.6. ADC2GT: ADC2 Greater-Than Data Byte

SFR Page: 2
SFR Address: 0xC4
R/IW R/W R/IW R/W R/W R/W R/W R/W Reset Value
11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
Bits7—0: ADC2 Greater-Than Data Word.
SFR Definition 7.7. ADC2LT:. ADC2 Less-Than Data Byte
SFR Page: 2
SFR Address: OxC6
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

Bits7—0: ADC2 Less-Than Data Word.
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Table 7.1. ADC2 Electrical Characteristics
Vpp =3.0V, AV+=3.0V, VREF2 = 2.40 V (REFBE = 0), PGA gain = 1, —40 to +85 °C unless otherwise specified.

Parameter Conditions [ Min | Typ [ Max | Units
DC Accuracy
Resolution 8 bits
Integral Nonlinearity — — +1 LSB
Differential Nonlinearity Guaranteed Monotonic — — +1 LSB
Offset Error — |0.5+0.3| — LSB
Full Scale Error Differential mode — | -1%0.2 — LSB
Offset Temperature Coefficient — 10 — ppm/°C
Dynamic Performance (10 kHz sine-wave input, 1 dB below Full Scale, 500 ksps
Signal-to-Noise Plus Distortion 45 a7 — dB
Total Harmonic Distortion Up to the 5" harmonic — -51 — dB
Spurious-Free Dynamic Range — 52 — dB
Conversion Rate
SAR Clock Frequency — — 6 MHz
Conversion Time in SAR Clocks 8 — — clocks
Track/Hold Acquisition Time 300 — — ns
Throughput Rate — — 500 ksps
Analog Inputs
Input Voltage Range 0 — VREF \%
Input Capacitance — 5 — pF
Power Specifications
F:\\/Aie;uspupﬁgg gugggz) Operating Mode, 500 ksps - 420 900 HA
Power Supply Rejection — +0.3 — mV/V
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NOTES:
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8. DACs, 12-Bit Voltage Mode (C8051F12x Only)

The C8051F12x devices include two on-chip 12-bit voltage-mode Digital-to-Analog Converters (DACS).
Each DAC has an output swing of 0 V to (VREF-1LSB) for a corresponding input code range of 0x000 to
OxFFF. The DACs may be enabled/disabled via their corresponding control registers, DACOCN and
DAC1CN. While disabled, the DAC output is maintained in a high-impedance state, and the DAC supply
current falls to 1 pA or less. The voltage reference for each DAC is supplied at the VREFD pin
(C8051F120/2/4/6 devices) or the VREF pin (C8051F121/3/5/7 devices). Note that the VREF pin on
C8051F121/3/5/7 devices may be driven by the internal voltage reference or an external source. If the
internal voltage reference is used it must be enabled in order for the DAC outputs to be valid. See Section
“9. Voltage Reference” on page 113 for more information on configuring the voltage reference for the
DACs.

8.1. DAC Output Scheduling

Each DAC features a flexible output update mechanism which allows for seamless full-scale changes and
supports jitter-free updates for waveform generation. The following examples are written in terms of DACO,
but DAC1 operation is identical.

DACOEN

DACOMD1
DACOMDO
DACODF2
DACODF1
DACODFO

DACOCN

REF

DACO

—X] DpAco

DACI1EN

DAC1MD1 ::rgggk\gggi
DAC1MDO
1

DAC1DF2

DAC1CN

REF

DACI1DF1
DAC1DFO

DAC1

—X] Dpac1

Figure 8.1. DAC Functional Block Diagram
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8.1.1. Update Output On-Demand

In its default mode (DACOCN.[4:3] = ‘00’) the DACO output is updated “on-demand” on a write to the high-
byte of the DACO data register (DACOH). It is important to note that writes to DACOL are held, and have no
effect on the DACO output until a write to DACOH takes place. If writing a full 12-bit word to the DAC data
registers, the 12-bit data word is written to the low byte (DACOL) and high byte (DACOH) data registers.
Data is latched into DACO after a write to the corresponding DACOH register, so the write sequence
should be DACOL followed by DACOH if the full 12-bit resolution is required. The DAC can be used in 8-
bit mode by initializing DACOL to the desired value (typically 0x00), and writing data to only DACOH (also
see Section 8.2 for information on formatting the 12-bit DAC data word within the 16-bit SFR space).

8.1.2. Update Output Based on Timer Overflow

Similar to the ADC operation, in which an ADC conversion can be initiated by a timer overflow inde-
pendently of the processor, the DAC outputs can use a Timer overflow to schedule an output update event.
This feature is useful in systems where the DAC 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 DAC
output. When the DACOMD bits (DACOCN.[4:3]) are set to ‘01’, ‘10’, or ‘11’, writes to both DAC data regis-
ters (DACOL and DACOH) are held until an associated Timer overflow event (Timer 3, Timer 4, or Timer 2,
respectively) occurs, at which time the DACOH:DACOL contents are copied to the DAC input latches allow-
ing the DAC output to change to the new value.

8.2. DAC Output Scaling/Justification

In some instances, input data should be shifted prior to a DACO write operation to properly justify data
within the DAC input registers. This action would typically require one or more load and shift operations,
adding software overhead and slowing DAC throughput. To alleviate this problem, the data-formatting fea-
ture provides a means for the user to program the orientation of the DACO data word within data registers
DACOH and DACOL. The three DACODF bits (DACOCN.[2:0]) allow the user to specify one of five data
word orientations as shown in the DACOCN register definition.

DAC1 is functionally the same as DACO described above. The electrical specifications for both DACO and
DAC1 are given in Table 8.1.
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SFR Definition 8.1. DACOH: DACO High Byte

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: 0xD3
SFR Page: 0

Bits7-0: DACO Data Word Most Significant Byte.

SFR Definition 8.2. DACOL: DACO Low Byte

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: 0xD2
SFR Page: 0

Bits7-0: DACO Data Word Least Significant Byte.
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SFR Definition 8.3. DACOCN: DACO0 Control

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
DACOEN - | -  |PACOMD1|DACOMDO|DACODF2|DACODF1|DACODFO0|00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0xD4
SFR Page: 0
Bit7: DACOEN: DACO Enable Bit.
0: DACO Disabled. DACO Output pin is disabled; DACO is in low-power shutdown mode.
1: DACO Enabled. DACO Output pin is active; DACO is operational.
Bits6-5: UNUSED. Read = 00b; Write = don’t care.
Bits4—3: DACOMD1-0: DACO Mode Bits.
00: DAC output updates occur on a write to DACOH.
01: DAC output updates occur on Timer 3 overflow.
10: DAC output updates occur on Timer 4 overflow.
11: DAC output updates occur on Timer 2 overflow.
Bits2—-0: DACODF2-0: DACO Data Format Bits:

000:  The most significant nibble of the DACO Data Word is in DACOH[3:0], while the least
significant byte is in DACOL.

| DACOH DACOL
mse| | | [ [ [ [ Jtss

The most significant 5-bits of the DACO Data Word is in DACOH[4:0], while the least
significant 7-bits are in DACOL[7:1].

DACOH DACOL
—MSBI ] T T T ] ILSBi

The most significant 6-bits of the DACO Data Word is in DACOH[5:0], while the least
significant 6-bits are in DACOL[7:2].

DACOH DACOL
MSB | [ ] | [ I [ Juss

The most significant 7-bits of the DACO Data Word is in DACOH[6:0], while the least
significant 5-bits are in DACOL[7:3].

DACOH DACOL
mse| | | [ 1 | I N N

1xx: The most significant 8-bits of the DACO Data Word is in DACOH[7:0], while the least
significant 4-bits are in DACOL[7:4].

MSB |

DACOH DACOL ,
L 1 T [ | | [ [iss
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