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Low-Cost 8-bit MCU Family with up to 8 kB of Flash

Memory

Up to 8 kB flash
Flash is in-system programmable in 512-Byte sectors

Up to 512 Bytes RAM (256 + 256)

On-Chip Debug

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

Provides breakpoints, single stepping, inspect/modify memory

and registers

12-Bit Analog-to-Digital Converter

Up to 16 input channels
Up to 200 ksps 12-bit mode or 800 ksps 10-bit mode
Internal VREF or external VREF supported

Internal Low-Power Oscillator

Calibrated to 24.5 MHz
Low supply current

+2% accuracy over supply and temperature

Internal Low-Frequency Oscillator

80 kHz nominal operation
Low supply current
Independent clock source for watchdog timer

2 Analog Comparators

Programmable hysteresis and response time
Configurable as interrupt or reset source
Low current

General-Purpose I/O

Up to 18 pins
5 V-Tolerant
Crossbar-enabled

High-Speed CIP-51 uC Core

- Efficient, pipelined instruction architecture

- Up to 25 MIPS throughput with 25 MHz clock
- Uses standard 8051 instruction set

- Expanded interrupt handler

Communication Peripherals
- UART

- 1>)C/SMBus™

- SpI™

Timer/Counters and PWM
- 4 General-Purpose 16-bit Timer/Counters
- 16-bit Programmable Counter Array (PCA) with three channels

of PWM, capture/compare, or frequency output capability, and
hardware kill/safe state capability

Additional Support Peripherals
- Independent watchdog timer clocked from LFO
- 16-bit CRC engine

Unique Identifier
- 32-bit unique key for each device

Supply Voltage
- 221036V

Package Options

- 16-pin SOIC

- 20-pin QFN, 3 x 3 mm

- 24-pin QSOP

- Available in die form

- Qualified to AEC-Q100 Standards

Temperature Ranges:
- —40to +125 °C (-Ix) and —40 to +85 °C (-Gx)

Core / Memory / Support
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Clocking / Oscillators

| 24.5 MHz Low Power Oscillator |

Analog Peripherals

SAR ADC
(12-bit 200 ksps,10-bit 800 ksps)

| 80 kHz Low Frequency Oscillator |

Clock Selection

| External Clock (CMOS Input) |

18 Multi-Function 5V-Tolerant I/O Pins

| Voltage Reference |

Flexible Pin Muxing
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Electrical Specifications

C8051F85x/86x

1. Electrical Specifications

1.1. Electrical Characteristics
All electrical parameters in all tables are specified under the conditions listed in Table 1.1, unless stated otherwise.

Table 1.1. Recommended Operating Conditions

Parameter Symbol Test Condition Min | Typ | Max | Unit
Operating Supply Voltage on VDD Vpp 2.2 — 3.6 \%
System Clock Frequency fsyscLk 0 — 25 | MHz
Operating Ambient Temperature Ta Commercial Grade Devices -40 — 85 °C
(-GM, -GS, -GU)
Industrial Grade Devices -40 — 125 | °C
(-IM, -IS, -1U)
Note: All voltages with respect to GND
Table 1.2. Power Consumption
Parameter Symbol Test Condition Min Typ Max Unit
Digital Core Supply Current
Normal Mode—Full speed with Ibb FsyscLk = 24.5 MHz? — 4.45 4.85 mA
code executing from flash FevscLk = 1.53 MHZ2 _ 915 1150 WA
Fsyscik = 80 kHz3, Ta=25°C| — | 250 | 290 A
FsyscLk = 80 kHz® — 250 | 380 A
Idle Mode—Core halted with Ibb FsyscLk = 24.5 MHz? — | 205 | 23 mA
peripherals running FevscLk = 1.53 MHZ2 _ 550 200 WA
Fsyscik = 80 kHz3, Ty =25°C| — 125 | 130 A
FsyscLk = 80 kHz® — 125 | 200 A
Stop Mode—Core halted and all Ibp Internal LDO ON, T =25 °C — 105 120 pA
clocks stopped, Supply monitor off. Internal LDO ON — 105 170 WA
Internal LDO OFF — 0.2 — pA

Notes:

aprwn

1. Currents are additive. For example, where |pp is specified and the mode is not mutually exclusive, enabling the
functions increases supply current by the specified amount.
Includes supply current from internal regulator, supply monitor, and High Frequency Oscillator
Includes supply current from internal regulator, supply monitor, and Low Frequency Oscillator
ADCO always-on power excludes internal reference supply current
The internal reference is enabled as-needed when operating the ADC in burst mode to save power.
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Table 1.2. Power Consumption (Continued)
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Parameter Symbol Test Condition Min Typ Max Unit
Analog Peripheral Supply Currents
High-Frequency Oscillator lnFosc Operating at 24.5 MHz, — 155 — A
Tp=25°C
Low-Frequency Oscillator lLFosc Operating at 80 kHz, — 35 — MA
Tp=25°C
ADCO Always-on* Iapc | 800 ksps, 10-bit conversions or| — 845 1100 MA
200 ksps, 12-bit conversions
Normal bias settings
VDD =30V
250 ksps, 10-bit conversionsor | — 425 530 A
62.5 ksps 12-bit conversions
Low power bias settings
VDD =30V
ADCO Burst Mode, 10-bit single laDC 200 ksps, Vpp=3.0V — 370 — A
conversions, external reference
100 ksps, Vpp =3.0V — 185 — A
10 ksps, Vpp=3.0V — 19 — MA
ADCO Burst Mode, 10-bit single laDC 200 ksps, Vpp=3.0V — 490 — MA
conversions, internal reference, ~
Low power bias settings 100 ksps, Vpp =3.0V - 245 - KA
10 ksps, Vpp=3.0V — 23 — A
ADCO Burst Mode, 12-bit single laDC 100 ksps, Vpp=3.0V — 530 — A
conversions, external reference
50 ksps, Vpp =3.0V — 265 — HA
10 ksps, Vpp=3.0V — 53 — MA
ADCO Burst Mode, 12-bit single laDC 100 ksps, Vpp = 3.0V, — 950 — MA
conversions, internal reference Normal bias
50 ksps, Vpp = 3.0V, — 420 — A
Low power bias
10 ksps, Vpp =3.0V, — 85 — MA
Low power bias
Internal ADCO Reference, Always- REFE Normal Power Mode — 680 790 MA
5
on
Low Power Mode — 160 210 MA
Temperature Sensor ITsENSE — 75 100 HA
Notes:
1. Currents are additive. For example, where | is specified and the mode is not mutually exclusive, enabling the
functions increases supply current by the specified amount.
2. Includes supply current from internal regulator, supply monitor, and High Frequency Oscillator
3. Includes supply current from internal regulator, supply monitor, and Low Frequency Oscillator
4. ADCO always-on power excludes internal reference supply current
5. The internal reference is enabled as-needed when operating the ADC in burst mode to save power.
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Electrical Specifications

C8051F85x/86x

Table 1.2. Power Consumption (Continued)

Parameter Symbol Test Condition Min Typ Max Unit
Comparator 0 (CMPO), lemp CPnMD =11 — 0.5 — MA
Comparator 1 (CMP1) CPAMD = 10 . 3 . UA

CPnMD =01 — 10 — HA
CPnMD = 00 — 25 — HA
Voltage Supply Monitor (VMONO) lvmoN — 15 20 MA

Notes:

aprwn

1. Currents are additive. For example, where |pp is specified and the mode is not mutually exclusive, enabling the
functions increases supply current by the specified amount.
Includes supply current from internal regulator, supply monitor, and High Frequency Oscillator
Includes supply current from internal regulator, supply monitor, and Low Frequency Oscillator
ADCO always-on power excludes internal reference supply current
The internal reference is enabled as-needed when operating the ADC in burst mode to save power.

10
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Table 1.3. Reset and Supply Monitor

Parameter Symbol Test Condition Min Typ Max Unit
Vpp Supply Monitor Threshold VvDDM 1.85 1.95 2.1 Y
Power-On Reset (POR) Threshold Vpor | Rising Voltage on Vpp — 14 — Y
Falling Voltage on Vpp| 0.8 — 1.36 Y
Vpp Ramp Time trmp Time to Vpp>2.2V 10 — — Us
Reset Delay from POR tpor Relative to Vpp > 3 10 TBD ms
Vpor
Reset Delay from non-POR source trsT Time between release — 39 — Us
of reset source and
code execution
RST Low Time to Generate Reset trRsTL 15 — — &
Missing Clock Detector Response tmep FsysciLk > 1 MHz — 0.625 1.2 ms
Time (final rising edge to reset)
Missing Clock Detector Trigger Fmep — 7.5 TBD kHz
Frequency
Vpp Supply Monitor Turn-On Time tvMoN — 2 — &
Table 1.4. Flash Memory
Parameter Symbol Test Condition Min Typ Max Units
Write Timel+? tWRITE One Byte, 19 20 21 us
FSYSCLK =24.5 MHz
Erase Timel? tERASE One Page, 5.2 5.35 5.5 ms
FSYSCLK =245 MHz
Vpp Voltage During Programming?® VproG 2.2 — 3.6 V
Endurance (Write/Erase Cycles) Nwe 20k 100k — Cycles

Notes:

writing or erasing flash.

1. Does not include sequencing time before and after the write/erase operation, which may be multiple SYSCLK cycles.

2. The internal High-Frequency Oscillator has a programmable output frequency using the OSCICL register, which is
factory programmed to 24.5 MHz. If user firmware adjusts the oscillator speed, it must be between 22 and 25 MHz
during any flash write or erase operation. It is recommended to write the OSCICL register back to its reset value when

3. Flash can be safely programmed at any voltage above the supply monitor threshold (Vy,ppm)-
4. Data Retention Information is published in the Quarterly Quality and Reliability Report.
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Electrical Specifications

C8051F85x/86x

Table 1.5. Internal Oscillators

Parameter Symbol Test Condition Min Typ Max Unit
High Frequency Oscillator (24.5 MHz)
Oscillator Frequency furosc Full Temperature and 24 24.5 25 MHz
Supply Range
Power Supply Sensitivity PSShrosc Tpo=25°C — 0.5 — %IV
Temperature Sensitivity TSHrosc Vpp=3.0V — 40 — ppm/°C
Low Frequency Oscillator (80 kHz)
Oscillator Frequency fLrosc Full Temperature and 75 80 85 kHz
Supply Range
Power Supply Sensitivity PSS, Fosc Tao=25°C — 0.05 — %/
Temperature Sensitivity TS| Fosc Vpp=3.0V — 65 — ppm/°C
Table 1.6. External Clock Input
Parameter Symbol Test Condition Min Typ Max Unit
External Input CMOS Clock femos 0 — 25 MHz
Frequency (at EXTCLK pin)
External Input CMOS Clock High Time | tcymosH 18 — — ns
External Input CMOS Clock Low Time | tcpmosL 18 — — ns

12
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Table 1.7. ADC wn
©
Parameter Symbol Test Condition Min Typ Max Unit 8_
==
Resolution Nbits 12 Bit Mode 12 Bits o
QD
10 Bit Mode 10 Bits g.
Throughput Rate fs 12 Bit Mode — — 200 ksps a
(High Speed Mode) 10 Bit Mode — — 800 ksps
Throughput Rate fs 12 Bit Mode — — 62.5 ksps
(Low Power Mode) 10 Bit Mode — | = | 250 | ksps
Tracking Time trrRk High Speed Mode 230 — — ns
Low Power Mode 450 — — ns
Power-On Time tpwr 1.2 — — us
SAR Clock Frequency fsar High Speed Mode, — — 6.25 MHz
Reference is 2.4 V internal
High Speed Mode, — — 12.5 MHz
Reference is not 2.4 V internal
Low Power Mode — — 4 MHz
Conversion Time teny 10-Bit Conversion, 1.1 us
SAR Clock =12.25 MHz,
System Clock = 24.5 MHz.
Sample/Hold Capacitor Csar Gain=1 — 5 — pF
Gain=0.5 — 25 — pF
Input Pin Capacitance CiNn — 20 — pF
Input Mux Impedance Rmux — 550 — Q
Voltage Reference Range VREE 1 — Vpp \Y,
Input Voltage Range* VN Gain=1 0 — VREE \Y,
Gain=0.5 0 — ZXVREF Vv
Power Supply Rejection PSRRapc — 70 — dB
Ratio
DC Performance
Integral Nonlinearity INL 12 Bit Mode — +1 +2.3 LSB
10 Bit Mode — 0.2 0.6 LSB
Differential Nonlinearity DNL 12 Bit Mode -1 +0.7 1.9 LSB
G teed M toni .
(Guaranteed Monotonic) 10 Bit Mode — | +02 | 06 | LSB
*Note: Absolute input pin voltage is limited by the Vpp supply.
- e
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Electrical Specifications

C8051F85x/86x
Table 1.7. ADC (Continued)
Parameter Symbol Test Condition Min Typ Max Unit
Offset Error Eorr 12 Bit Mode, VREF = 1.65 V -3 0 3 LSB
10 Bit Mode, VREF = 1.65 V -2 0 2 LSB
Offset Temperature Coeffi- TCore — 0.004 — LSB/°C
cient
Slope Error Em 12 Bit Mode — +0.02 | #0.1 %
10 Bit Mode — +0.06 | +0.24 %

Dynamic Performance 10 kHz Sine Wave Input 1dB below full scale, Max throug

hput, using AGND pin

Signal-to-Noise SNR 12 Bit Mode 61 66 — dB

10 Bit Mode 53 60 — dB
Signal-to-Noise Plus Distor-| SNDR 12 Bit Mode 61 66 — dB
tion 10 Bit Mode 53 | 60 | — | dB
Total Harmonic Distortion THD 12 Bit Mode — 71 — dB
(Up to 5th Harmonic) 10 Bit Mode — 70 _ 4B
Spurious-Free Dynamic SFDR 12 Bit Mode — -79 — dB
Range 10 Bit Mode — | 74| — | B

*Note: Absolute input pin voltage is limited by the Vpp supply.
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Table 1.8. Voltage Reference

Parameter Symbol Test Condition Min Typ Max Unit
Internal Fast Settling Reference
Output Voltage VREFES 1.65 V Setting 1.62 1.65 1.68 \Y,
g::g:gmperat”re and Supply 2.4V Setting, Vpp >2.6V| 235 | 24 | 245 | V
Temperature Coefficient TCRrEFES — 50 — | ppm/°C
Turn-on Time tREFES — — 15 ps
Power Supply Rejection PSRRReFEs — 400 — ppm/V
External Reference
Input Current lEXTREE Sample Rate = 800 ksps; — 5 — MA
VREF=3.0V
Table 1.9. Temperature Sensor
Parameter Symbol Test Condition Min Typ Max Unit
Offset Vorr To=0°C — 757 — mv
Offset Error* Eorr Tp=0°C — 17 — mvV
Slope M — 2.85 — mV/°C
Slope Error* Em — 70 — puv/°C
Linearity — 0.5 — °C
Turn-on Time — 1.8 — Hs
*Note: Represents one standard deviation from the mean.
15
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Electrical Specifications

C8051F85x/86x
Table 1.10. Comparators
Parameter Symbol Test Condition Min Typ Max Unit
Response Time, CPnMD = 00 tresPO +100 mV Differential — 100 — ns
(Highest Speed) —100 mV Differential — 150 — ns
Response Time, CPnMD = 11 trespz | +100 mV Differential — 15 — us
(Lowest Power) —100 mV Differential — 3.5 — us
Positive Hysterisis HYScp, CPnHYP =00 — 0.4 — mv
Mode 0 (CPnMD = 00) CPNHYP = 01 - g - v
CPnHYP =10 — 16 — mV
CPnHYP =11 — 32 — mV
Negative Hysterisis HYScp. CPnHYN =00 — -0.4 — mvV
Mode 0 (CPnMD = 00) CPRHYN = 01 . 8 I mv
CPnHYN =10 — -16 — mV
CPNHYN =11 — -32 — mV
Positive Hysterisis HYScp+ CPnHYP =00 — 0.5 — mv
Mode 1 (CPnMD = 01) CPnHYP = 01 . 6 . mv
CPnHYP =10 — 12 — mV
CPnHYP =11 — 24 — mV
Negative Hysterisis HYScp. CPnHYN =00 — -0.5 — mvV
Mode 1 (CPnMD = 01) CPnHYN = 01 . 6 - mv
CPnHYN =10 — -12 — mV
CPnHYN =11 — 24 — mV
Positive Hysterisis HYScp+ CPnHYP =00 — 0.7 — mv
Mode 2 (CPMD = 10) CPnHYP =01 — 45 — mv
CPnHYP =10 — 9 — mV
CPnHYP =11 — 18 — mV
Negative Hysterisis HYScp. CPnHYN =00 — -0.6 — mv
Mode 2 (CPnMD = 10) CPNHYN = 01 — 45 — mv
CPnHYN =10 — -9 — mV
CPnHYN =11 — -18 — mV

16
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C8051F85x/86x
Table 1.10. Comparators
Parameter Symbol Test Condition Min Typ Max Unit
Positive Hysterisis HYScp+ CPnHYP =00 — 15 — mV
Mode 3 (CPnMD = 11) CPNHYP = 01 - 4 - v
CPnHYP =10 — 8 — mV
CPnHYP =11 — 16 — mV
Negative Hysterisis HYScp. CPnHYN =00 — -1.5 — mvV
Mode 3 (CPnMD = 11) CPRHYN = 01 . _a I mv
CPnHYN =10 — -8 — mV
CPnHYN =11 — -16 — mV
Input Range (CP+ or CP-) VN -0.25 — Vpp+0.2 \
5
Input Pin Capacitance Ccp — 7.5 — pF
Common-Mode Rejection Ratio CMRRcp — 70 — dB
Power Supply Rejection Ratio PSRRcp — 72 — dB
Input Offset Voltage Voee Tao=25°C -10 0 10 mV
Input Offset Tempco TCorr — 3.5 — pv/eC
- e
@ Preliminary Rev 0.7 17

SILICON LABS

suoneoly1oads ealnods|3



Electrical Specifications

C8051F85x/86x
Table 1.11. Port 1/0
Parameter Symbol Test Condition Min Typ Max Unit
Output High Voltage (High Drive) VoH loq =—3 MA Vpp — 0.7 — — \%
Output Low Voltage (High Drive) VoL loL =8.5mA — — 0.6 \%
Output High Voltage (Low Drive) VoH lon =—1 mA Vpp — 0.7 — — \%
Output Low Voltage (Low Drive) VoL loL = 1.4 mA — — 0.6 Y
Input High Voltage ViH Vpp — 0.6 — — \%
Input Low Voltage VL — — 0.6 Y
Pin Capacitance Cio — 7 — pF
Weak Pull-Up Current Ipy Vpp = 3.6 -30 =20 -10 MA
(ViNn=0V)
Input Leakage Ik GND <V|y < Vpp -1 — 1 HA
(Pullups off or Analog)
Input Leakage Current with V| Ik Vpp < ViN < Vppt2.0V 0 5 150 HA
above Vpp

18
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1.2. Typical Performance Curves
1.2.1. Operating Supply Current

Figure 1.1. Typical Operating Current Running From 24.5 MHz Internal Oscillator

Figure 1.2. Typical Operating Current Running From 80 kHz Internal Oscillator
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Electrical Specifications

C8051F85x/86x

1.2.2. ADC Supply Current

10-bit Burst Mode, Single Conversions 12-bit Burst Mode, Single Conversions
1200 1200
—Internal Reference, Normal Bias —Internal Reference, Normal Bias
1100 1100
—Internal Reference, LP Bias —Internal Reference, LP Bias
1000 1000
——Other Reference ——Other Reference
900 900
< 800 < 800
€ 700 € 700
g o
5 600 5 600
o o
= 500 > 500
Q Q
S 400 S 400
wv wv
300 300
200 200
100 / 100 /
0 0
0 50 100 150 200 250 300 0 20 40 60 80 100 120
Sample Rate (ksps) Sample Rate (ksps)
Figure 1.3. Typical ADC and Internal Reference Power Consumption in Burst Mode
10-bit Conversions, Normal Bias 10-bit Conversions, Low Power Bias
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Figure 1.4. Typical ADC Power Consumption in Normal (Always-On) Mode
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1.2.3. Port I/0O Output Drive

Typical VoH vs. Source Current in High Drive Mode Typical VoH vs. Source Current in Low Drive Mode

4 4
—VDD=3.6V —VDD=36V
35 —VDD=33V | 3.5 —VDD=33V |
—VDD=2.7V —VDD =27V
3 —VDD=22V 3 —VDD=22V |
25 25
s
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o
>
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Source Current (mA) Source Current (mA)

Figure 1.5. Typical Vg vs. Source Current

Typical VoL vs. Sink Current in High Drive Mode
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Figure 1.6. Typical Vg, vs. Sink Current
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1.3. Thermal Conditions

Table 1.12. Thermal Conditions

Electrical Specifications

Parameter Symbol Test Condition Min Typ Max Unit
Thermal Resistance* 03 SOIC-16 Packages — 67 — °CIW
QFN-20 Packages — 58 — °C/W
QSOP-24 Packages — 65 — °C/W
*Note: Thermal resistance assumes a multi-layer PCB with any exposed pad soldered to a PCB pad.

1.4. Absolute Maximum Ratings

Stresses above those listed under Table 1.13 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.

Table 1.13. Absolute Maximum Ratings

Parameter Symbol Test Condition Min Typ Max
Ambient Temperature Under Bias Trias -55 125 °C
Storage Temperature Tsto —65 150 °C
Voltage on VDD Vbp GND-0.3 4.2 \Y
Voltage on I/O pins or RST VN Vpp >33V GND-0.3 5.8
Vpp <3.3V GND-0.3 Vppt2.5 \Y%
Total Current Sunk into Supply Pin lvbb — 400 mA
Total Current Sourced out of Ground loND 400 — mA
Pin
Current Sourced or Sunk by Any I/O Pin Ipio -100 100 mA
or RST
Power Dissipation at Ty = 125 °C Pp SOIC-16 Packages — TBD mw
QFN-20 Packages — TBD mw
QSOP-24 Packages — TBD mw

. &
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2. System Overview

The C8051F85x/86x device family are fully integrated, mixed-signal system-on-a-chip MCUs. Highlighted features
are listed below. Refer to Table 4.1 for specific product feature selection and part ordering numbers.

m Core:
e Pipelined CIP-51 Core
e Fully compatible with standard 8051 instruction set
e 70% of instructions execute in 1-2 clock cycles
e 25 MHz maximum operating frequency
= Memory:
e 2-8 kB flash; in-system programmable in 512-byte sectors
e 512 bytes RAM (including 256 bytes standard 8051 RAM and 256 bytes on-chip XRAM)
m Power:
e Internal low drop-out (LDO) regulator for CPU core voltage
e Power-on reset circuit and brownout detectors
m |/O: Up to 18 total multifunction 1/O pins:
e All pins 5V tolerant under bias
e Flexible peripheral crossbar for peripheral routing
e 5 mA source, 12.5 mA sink allows direct drive of LEDs
m Clock Sources:
e Low-power internal oscillator: 24.5 MHz +2%
e Low-frequency internal oscillator: 80 kHz
e External CMOS clock option
m Timers/Counters and PWM:
e 3-channel Programmable Counter Array (PCA) supporting PWM, capture/compare and frequency output modes
e 4x 16-bit general-purpose timers
e Independent watchdog timer, clocked from low frequency oscillator
m Communications and Other Digital Peripherals:
e UART
e SPI™
e 12C/SMBus™
e 16-bit CRC Unit, supporting automatic CRC of flash at 256-byte boundaries
m Analog:
e 12-Bit Analog-to-Digital Converter (ADC)
e 2 x Low-Current Comparators
m On-Chip Debugging
With on-chip power-on reset, voltage supply monitor, watchdog timer, and clock oscillator, the C8051F85x/86x
devices are truly standalone system-on-a-chip solutions. The flash memory is reprogrammable in-circuit, providing
non-volatile data storage and allowing field upgrades of the firmware.

The on-chip debugging interface (C2) allows non-intrusive (uses no on-chip resources), full speed, in-circuit
debugging using the production MCU installed in the final application. This debug logic supports inspection and
modification of memory and registers, setting breakpoints, single stepping, and run and halt commands. All analog
and digital peripherals are fully functional while debugging.

Each device is specified for 2.2 to 3.6 V operation, and are available in 20-pin QFN, 16-pin SOIC or 24-pin QSOP
packages. All package options are lead-free and RoHS compliant. The device is available in two temperature
grades: -40 to +85 °C or —40 to +125 °C. See Table 4.1 for ordering information. A block diagram is included in
Figure 2.1.
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System Overview

C8051F85x/86x

Power On CIP-51 8051 > Port /O Configuration F——
Reset P0.0/VREF
ntroller Cor: — -
— Controller Core Digital Peripherals PO.1/AGND
8k Byte ISP Flash P0.2
C2CK/RST Debug / Program Memory UART Port 0 P0.3/EXTCLK
Programming I Timers 0, | _| Drivers P0.4/TX
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Figure 2.1. C8051F85x/86x Family Block Diagram (QSOP-24 Shown)
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C8051F85x/86x

2.1. Power

2.1.1.LDO

The C8051F85x/86x devices include an internal regulator to regulate the supply voltage down the core operating
voltage of 1.8 V. This LDO consumes little power, but can be shut down in the power-saving Stop mode.

2.1.2. Voltage Supply Monitor (VMONO)

The C8051F85x/86x devices include a voltage supply monitor which allows devices to function in known, safe
operating condition without the need for external hardware.

The supply monitor module includes the following features:
m Holds the device in reset if the main VDD supply drops below the VDD Reset threshold.
2.1.3. Device Power Modes

The C8051F85x/86x devices feature three low power modes in addition to normal operating mode, allowing the
designer to save power when the core is not in use. All power modes are detailed in Table 2.1.

Table 2.1. C8051F85x/86x Power Modes

Mode Description Mode Entrance Mode Exit
Normal Core and peripherals operating
at full speed
etpheral Any enabled interrupt or
Idle m Peripherals operate at Set IDLE bit in PCON et Souree
full speed

m All clocks stopped

" %ort'eth? and Clear STOPCF in REGOMD
Stop E:o?nlparat)(/))rs Still and Device reset
running Set STOP bit in PCON
m Pins retain state
m All clocks stopped
Core LDO and all Set STOPCF in REGOMD
Shutdown analog circuits shut and Device reset
down Set STOP bit in PCON

m Pins retain state

In addition, the user may choose to lower the clock speed in Normal and Idle modes to save power when the CPU
requirements allow for lower speed.
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System Overview

C8051F85x/86x

2.1.3.1. Normal Mode

Normal mode encompasses the typical full-speed operation. The power consumption of the device in this mode will
vary depending on the system clock speed and any analog peripherals that are enabled.

2.1.3.2. Idle Mode

Setting the IDLE bit in PCON causes the hardware to halt the CPU and enter idle mode as soon as the instruction

that sets the bit completes execution. All internal registers and memory maintain their original data. All analog and
digital peripherals can remain active during idle mode.

Idle mode is terminated when an enabled interrupt is asserted or a reset occurs. The assertion of an enabled
interrupt will cause the IDLE bit to be cleared and the CPU to resume operation. The pending interrupt will be
serviced and the next instruction to be executed after the return from interrupt (RETI) will be the instruction
immediately following the one that set the Idle Mode Select bit. If Idle mode is terminated by an internal or external
reset, the CIP-51 performs a normal reset sequence and begins program execution at address 0x0000.

2.1.3.3. Stop Mode (Regulator On)

Setting the STOP bit in PCON when STOPCF in REGOCN is clear causes the controller core to enter stop mode as
soon as the instruction that sets the bit completes execution. In stop mode the internal oscillator, CPU, and all
digital peripherals are stopped. Each analog peripheral may be shut down individually prior to entering stop mode.
Stop mode can only be terminated by an internal or external reset.

2.1.3.4. Shutdown Mode (Regulator Off)

Shutdown mode is an extension of the normal stop mode operation. Setting the STOP bit in PCON when STOPCF
in REGOCN is also set causes the controller core to enter shutdown mode as soon as the instruction that sets the
bit completes execution, and then the internal regulator is powered down. In shutdown mode, all core functions,
memories and peripherals are powered off. An external pin reset or power-on reset is required to exit shutdown
mode.

2.2. 1/0

2.2.1. General Features
The C8051F85x/86x ports have the following features:
m Push-pull or open-drain output modes and analog or digital modes.

m Port Match allows the device to recognize a change on a port pin value and wake from idle mode or
generate an interrupt.

Internal pull-up resistors can be globally enabled or disabled.
Two external interrupts provide unique interrupt vectors for monitoring time-critical events.
Above-rail tolerance allows 5 V interface when device is powered.
2.2.2. Crossbar
The C8051F85x/86x devices have a digital peripheral crossbar with the following features:
m Flexible peripheral assignment to port pins.
m Pins can be individually skipped to move peripherals as needed for design or layout considerations.

The crossbar has a fixed priority for each 1/O function and assigns these functions to the port pins. When a digital
resource is selected, the least-significant unassigned port pin is assigned to that resource. If a port pin is assigned,
the crossbar skips that pin when assigning the next selected resource. Additionally, the crossbar will skip port pins
whose associated bits in the PnSKIP registers are set. This provides some flexibility when designing a system: pins
involved with sensitive analog measurements can be moved away from digital I/O and peripherals can be moved
around the chip as needed to ease layout constraints.
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C8051F85x/86x

2.3. Clocking

The C8051F85x/86x devices have two internal oscillators and the option to use an external CMOS input at a pin as
the system clock. A programmable divider allows the user to internally run the system clock at a slower rate than
the selected oscillator if desired.

2.4. Counters/Timers and PWM

2.4.1. Programmable Counter Array (PCAO)
The C8051F85x/86x devices include a three-channel, 16-bit Programmable Counter Array with the following
features:
16-bit time base.
Programmable clock divisor and clock source selection.
Three independently-configurable channels.
8,9, 10, 11 and 16-bit PWM modes (center or edge-aligned operation).
Output polarity control.
Frequency output mode.
Capture on rising, falling or any edge.
Compare function for arbitrary waveform generation.
Software timer (internal compare) mode.
Can accept hardware “kill” signal from comparator O.
2.4.2. Timers (Timer O, Timer 1, Timer 2 and Timer 3)
Timers include the following features:
m Timer 0 and Timer 1 are standard 8051 timers, supporting backwards-compatibility with firmware and
hardware.
m Timer 2 and Timer 3 can each operate as 16-bit auto-reload or two independent 8-bit auto-reload timers,
and include pin or LFO clock capture capabilities.
2.4.3. Watchdog Timer (WDTO)
The watchdog timer includes a 16-bit timer with a programmable reset period. The registers are protected from
inadvertent access by an independent lock and key interface.
The Watchdog Timer has the following features:
m Programmable timeout interval.
m Runs from the low frequency oscillator.
m Lock-out feature to prevent any modification until a system reset.
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System Overview

C8051F85x/86x

2.5. Communications and other Digital Peripherals

2.5.1. Universal Asynchronous Receiver/Transmitter (UARTO)
The UART uses two signals (TX and RX) and a predetermined fixed baud rate to provide asynchronous
communications with other devices.
The UART module provides the following features:
m  Asynchronous transmissions and receptions.
Baud rates up to SYSCLK / 2 (transmit) or SYSCLK / 8 (receive).
8 or 9 bit data.
Automatic start and stop generation.
2.5.2. Serial Peripheral Interface (SPIO)
SPl is a 3- or 4-wire communication interface that includes a clock, input data, output data, and an optional select
signal.
The SPI module includes the following features:
m Supports 3- or 4-wire master or slave modes.
Supports external clock frequencies up to SYSCLK / 2 in master mode and SYSCLK / 10 in slave mode.
Support for all clock phase and polarity modes.
8-bit programmable clock rate.
Support for multiple masters on the same data lines.
2.5.3. System Management Bus / 12C (SMBusO0)
The SMBus interface is a two-wire, bi-directional serial bus compatible with both 12C and SMBus protocols. The
two clock and data signals operate in open-drain mode with external pull-ups to support automatic bus arbitration.

Reads and writes to the interface are byte oriented with the SMBus interface autonomously controlling the serial
transfer of the data. Data can be transferred at up to 1/8th of the system clock as a master or slave, which can be
faster than allowed by the SMBus / I12C specification, depending on the clock source used. A method of extending
the clock-low duration is available to accommodate devices with different speed capabilities on the same bus.

The SMBus interface may operate as a master and/or slave, and may function on a bus with multiple masters. The
SMBus provides control of SDA (serial data), SCL (serial clock) generation and synchronization, arbitration logic,
and start/stop control and generation.

The SMBus module includes the following features:

m Standard (up to 100 kbps) and Fast (400 kbps) transfer speeds.
Support for master, slave, and multi-master modes.
Hardware synchronization and arbitration for multi-master mode.
Clock low extending (clock stretching) to interface with faster masters.
Hardware support for 7-bit slave and general call address recognition.
Firmware support for 10-bit slave address decoding.
Ability to inhibit all slave states.
Programmable data setup/hold times.
2.5.4. 16/32-bit CRC (CRCO)

The CRC module is designed to provide hardware calculations for flash memory verification and communications
protocols. The CRC module supports the standard CCITT-16 16-bit polynomial (0x1021), and includes the
following features:

Support for four CCITT-16 polynomial.

Byte-level bit reversal.

Automatic CRC of flash contents on one or more 256-byte blocks.

Initial seed selection of 0x0000 or OxFFFF.

. &
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C8051F85x/86x

2.6. Analog Peripherals
2.6.1. 12-Bit Analog-to-Digital Converter (ADCO)

The ADCO module on C8051F85x/86x devices is a Successive Approximation Register (SAR) Analog to Digital
Converter (ADC). The key features of the ADC module are:

Single-ended 12-bit and 10-bit modes.

Supports an output update rate of 200 ksps samples per second in 12-bit mode or 800 ksps samples per
second in 10-bit mode.

Operation in low power modes at lower conversion speeds.
Selectable asynchronous hardware conversion trigger
Output data window comparator allows automatic range checking.

Support for Burst Mode, which produces one set of accumulated data per conversion-start trigger with
programmable power-on settling and tracking time.

Conversion complete and window compare interrupts supported.
Flexible output data formatting.

Includes an internal fast-settling reference with two levels (1.65 V and 2.4 V) and support for external
reference and signal ground.

2.6.2. Low Current Comparators (CMP0O, CMP1)

The comparators take two analog input voltages and output the relationship between these voltages (less than or
greater than) as a digital signal. The Low Power Comparator module includes the following features:

Multiple sources for the positive and negative poles, including VDD, VREF, and 1/O pins.

Two outputs are available: a digital synchronous latched output and a digital asynchronous raw output.
Programmable hysteresis and response time.

Falling or rising edge interrupt options on the comparator output.

Provide “kill” signal to PCA module.

Comparator 0 can be used to reset the device.
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System Overview

C8051F85x/86x

2.7. Reset Sources
Reset circuitry allows the controller to be easily placed in a predefined default condition. On entry to this reset
state, the following occur:

m The core halts program execution.

m Module registers are initialized to their defined reset values unless the bits reset only with a power-on
reset.

m External port pins are forced to a known state.

m Interrupts and timers are disabled.
All registers are reset to the predefined values noted in the register descriptions unless the bits only reset with a
power-on reset. The contents of RAM are unaffected during a reset; any previously stored data is preserved as
long as power is not lost.
The Port 1/O latches are reset to 1 in open-drain mode. Weak pullups are enabled during and after the reset. For
VDD Supply Monitor and power-on resets, the RST pin is driven low until the device exits the reset state.
On exit from the reset state, the program counter (PC) is reset, and the system clock defaults to the internal low-

power oscillator. The Watchdog Timer is enabled with the Low Frequency Oscillator (LFOO) as its clock source.
Program execution begins at location 0x0000.

2.8. On-Chip Debugging

The C8051F85x/86x devices include an on-chip Silicon Labs 2-Wire (C2) debug interface to allow flash program-
ming and in-system debugging with the production part installed in the end application. The C2 interface uses a
clock signal (C2CK) and a bi-directional C2 data signal (C2D) to transfer information between the device and a
host system. See the C2 Interface Specification for details on the C2 protocol.
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C8051F85x/86x

3. Pin Definitions

3.1. C8051F850/1/2/3/4/5 QSOP24 Pin Definitions

P0.1/ AGND

RST / C2CK

[ ]
2
3]
PO.O/VREF [_4_|
5|
[ ]
7]

N/C

P0.2

O

GND

VDD 24 pin QSOP

(Top View)

P1.7 9

N}
s

REEEEEEELL

w

N/C

P0.3

P0.4

P0.5

P0.6

P0.7

P1.0

P1.1

P1.2

P1.3

P1.4

N/C

Figure 3.1. C8051F850/1/2/3/4/5-GU and C8051F850/1/2/3/4/5-IU Pinout

Table 3.1. Pin Definitions for C8051F850/1/2/3/4/5-GU and C8051F850/1/2/3/4/5-1U

1]
c
°
©
c
2> T
= - 0
k= g 5
o =2 b=
o © a o
() (@] — =
o — © >
c @ c L
S Q S o)
z a = o
Pin N T = ° |3 o
in Name ype T 5 2 Z
GND Ground 5
VDD Power 6
RST/ Active-low Reset / 7
C2CK C2 Debug Clock
P0.0 Standard I/O 4 Yes POMAT.O ADCO.0
INTO.0 CPOP.O
INT1.0 CPON.O
VREF
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Pin Definitions

C8051F85x/86x
Table 3.1. Pin Definitions for C8051F850/1/2/3/4/5-GU and C8051F850/1/2/3/4/5-1U
7]
5
S
c
> T
Z | =
© = o
) <3 = S
g © |3 5
E ®© c
S o © =¥
P A E= o
Pin Name Type = 2 3 c
o O < <
PO.1 Standard /O 3 Yes POMAT.1 ADCO.1
INTO.1 CPOP.1
INT1.1 CPON.1
AGND
P0.2 Standard /O 2 Yes POMAT.2 ADCO.2
INTO.2 CPOP.2
INT1.2 CPON.2
P0.3/ Standard /O / 23 Yes POMAT.3 ADCO.3
EXTCLK External CMOS Clock Input EXTCLK CPOP.3
INTO.3 CPON.3
INT1.3
P0.4 Standard I/O 22 Yes POMAT.4 ADCO0.4
INTO.4 CPOP.4
INT1.4 CPON.4
P0.5 Standard 1/0O 21 Yes POMAT.5 ADCO0.5
INTO.5 CPOP.5
INT1.5 CPON.5
P0.6 Standard 1/0O 20 Yes POMAT.6 ADCO0.6
CNVSTR CPOP.6
INTO.6 CPON.6
INT1.6
P0.7 Standard 1/0O 19 Yes POMAT.7 ADCO0.7
INTO.7 CPOP.7
INT1.7 CPON.7
P1.0 Standard 1/0 18 Yes P1MAT.O ADCO0.8
CP1P.0
CPIN.O
P1.1 Standard 1/0 17 Yes P1MAT.1 ADCO0.9
CP1P1
CPIN.1
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C8051F85x/86x
Table 3.1. Pin Definitions for C8051F850/1/2/3/4/5-GU and C8051F850/1/2/3/4/5-1U
7]
c
o
=
c
2 |
3 = S
o (=2 =]
o ] [a) =
) O — =
o - [ I
E ®© c
S o © =¥
zZ @ = 9
Pin N T = 2 3 c
in Name ype T S 2 Z
P1.2 Standard I/O 16 Yes P1MAT.2 ADCO0.10
CP1P.2
CP1N.2
P1.3 Standard I/O 15 Yes P1MAT.3 ADCO0.11
CP1P.3
CP1N.3
P1.4 Standard I/O 14 Yes P1MAT.4 ADCO0.12
CP1P4
CP1N.4
P1.5 Standard I/O 11 Yes P1MAT.5 ADCO0.13
CP1P.5
CP1N.5
P1.6 Standard I/O 10 Yes P1MAT.6 ADCO0.14
CP1P.6
CP1N.6
P1.7 Standard 1/0O 9 Yes ADCO0.15
CP1P.7
CP1N.7
P2.0/ Standard 1/O / 8
c2D C2 Debug Data
P2.1 Standard /O 12
N/C No Connection 1
13
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Pin Definitions

C8051F85x/86x

3.2. C8051F850/1/2/3/4/5 QFN20 Pin Definitions

N (90} <t o

o o o o

o o o o

o (@] (o0] N~
P0.1/ AGND ! C‘JU Ub 1l pos
POO/VREF | 2 ) [/ (15 | Po.7
GND | 3 ) 14 | P1.0

EEDR P 0in QFN (1]

VDD 34 (Top View) C13 P11
RST/C2CK | 5 ) GND (12 | oND
C2D/ P2.0 5 qm @(; 11 || PL2

© 10 < ™

— — — —

o o o o

Figure 3.2. C8051F850/1/2/3/4/5-GM and C8051F850/1/2/3/4/5-IM Pinout

Table 3.2. Pin Definitions for C8051F850/1/2/3/4/5-GM and C8051F850/1/2/3/4/5-IM

n
c
°
©
c
> T
= — "
= ©
g | £ S
n =g = b3)
s © ) Q
3] O — =
o “ < If
€ 3 5 o
3 7 = o
z b = o
Pin Name Type c e s g
yp T 5 < <
GND Ground Center
3
12
VDD Power 4
RST/ Active-low Reset / 5
C2CK C2 Debug Clock
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C8051F85x/86Xx
Table 3.2. Pin Definitions for C8051F850/1/2/3/4/5-GM and C8051F850/1/2/3/4/5-IM
(79}
c
o
©
c
> T
5 | S
o = =]
v < [a) Q
() O — =
o N [ lf
E ®© c
S o2 S =Y
zZ @ = 9
Pin Name Type c e S g
yp a S | < <
PO0.0 Standard I/O 2 Yes POMAT.O ADCO0.0
INTO.0 CPOP.O
INT1.0 CPON.O
VREF
PO.1 Standard I/O 1 Yes POMAT.1 ADCO0.1
INTO.1 CPOP.1
INT1.1 CPON.1
AGND
P0.2 Standard I/O 20 Yes POMAT.2 ADCO0.2
INTO.2 CPOP.2
INT1.2 CPON.2
P0.3 Standard I/O 19 Yes POMAT.3 ADCO0.3
EXTCLK CPOP.3
INTO.3 CPON.3
INT1.3
P0.4 Standard I/O 18 Yes POMAT.4 ADCO0.4
INTO.4 CPOP.4
INT1.4 CPON.4
P0.5 Standard I/O 17 Yes POMAT.5 ADCO0.5
INTO.5 CPOP.5
INT1.5 CPON.5
PO0.6 Standard I/O 16 Yes POMAT.6 ADCO0.6
CNVSTR CPOP.6
INTO.6 CPON.6
INT1.6
PO.7 Standard /O 15 Yes POMAT.7 ADCO.7
INTO.7 CPOP.7
INT1.7 CPON.7
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Pin Definitions

C8051F85x/86x
Table 3.2. Pin Definitions for C8051F850/1/2/3/4/5-GM and C8051F850/1/2/3/4/5-IM
(79}
c
o
©
c
> T
= - 0
g | £ S
Q. o— —
2 @ &) e
() O — =
o N [ lf
E ®© c
S o2 S =Y
zZ @ = 9
Pin Name Type c e S g
yp a S | < <
P1.0 Standard I/O 14 Yes P1MAT.O ADCO0.8
CP1P.O
CP1N.O
P1.1 Standard I/O 13 Yes P1MAT.1 ADCO0.9
CP1P.1
CP1IN.1
P1.2 Standard 1/0 11 Yes P1MAT.2 ADCO0.10
CP1P.2
CP1N.2
P1.3 Standard I/O 10 Yes P1MAT.3 ADCO0.11
CP1P.3
CP1N.3
P1.4 Standard I/O 9 Yes P1MAT.4 ADCO0.12
CP1P4
CP1IN.4
P1.5 Standard 1/0 8 Yes P1MAT.5 ADCO0.13
CP1P5
CP1N.5
P1.6 Standard /O 7 Yes P1MAT.6 ADCO0.14
CP1P.6
CP1N.6
P2.0/ Standard 1/O / 6
C2D C2 Debug Data
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C8051F85x/86x
3.3. C8051F860/1/2/3/4/5 SOIC16 Pin Definitions
o2 [ 1| O 6] Po3
PO.1/AGND [_2 | 15 ] P04
P0.0/VREF [ 3 | 14 ] P05
ono 16 pin SOIC ] pos
voo [5] (Top View) 57 o7
RST/c2cK [6_| 11 ] P1.0
c2p/P2.0 [7_| 10 ] P11
P13 [& ] 9 ] P12

Figure 3.3. C8051F860/1/2/3/4/5-GS and C8051F860/1/2/3/4/5-1S Pinout

Table 3.3. Pin Definitions for C8051F860/1/2/3/4/5-GS and C8051F860/1/2/3/4/5-1S

(72}
c
o
©
c
> T
= —_ 0
= @
8 | £ S
o R —
v < a o
o O — g
o) e © T
= 3 5 o
> 7 = bo)
zZ a = o
Pin Name Type c e S s
yp T 5 < <
GND Ground 4
VDD Power 5
RST/ Active-low Reset / 6
C2CK C2 Debug Clock
PO0.0 Standard 1/0 3 Yes POMAT.O ADCO0.0
INTO.0 CPOP.O
INT1.0 CPON.O
PO.1 Standard I/O 2 Yes POMAT.1 ADCO0.1
INTO.1 CPOP.1
INT1.1 CPON.1
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C8051F85x/86x
Table 3.3. Pin Definitions for C8051F860/1/2/3/4/5-GS and C8051F860/1/2/3/4/5-1S
(79}
c
o
=
c
> T
5 | S
o = =]
v ] [a) Q
() O — =
o N [ lf
E ®© c
S o2 S =Y
zZ @ = 9
Pin Name Type c e S g
yp a S | < <
P0.2 Standard I/O 1 Yes POMAT.2 ADCO0.2
INTO.2 CPOP.2
INT1.2 CPON.2
P0.3/ Standard I/O / 16 Yes POMAT.3 ADCO0.3
EXTCLK External CMOS Clock Input EXTCLK CPOP.3
INTO.3 CPON.3
INT1.3
P0.4 Standard I/O 15 Yes POMAT.4 ADCO0.4
INTO.4 CPOP.4
INT1.4 CPON.4
P0.5 Standard I/O 14 Yes POMAT.5 ADCO0.5
INTO.5 CPOP.5
INT1.5 CPON.5
P0.6 Standard I/O 13 Yes POMAT.6 ADCO.6
CNVSTR CP1P.0O
INTO.6 CP1N.O
INT1.6
PO.7 Standard /O 12 Yes POMAT.7 ADCO.7
INTO.7 CP1P1
INT1.7 CP1IN.1
P1.0 Standard I/O 11 Yes P1MAT.O ADCO0.8
CP1P.2
CP1N.2
P1.1 Standard I/O 10 Yes P1MAT.1 ADCO0.9
CP1P.3
CP1N.3
P1.2 Standard /O 9 Yes P1MAT.2 ADCO0.10
CP1P.4
CP1N.4
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C8051F85x/86x
Table 3.3. Pin Definitions for C8051F860/1/2/3/4/5-GS and C8051F860/1/2/3/4/5-1S
(%))
c
9
©
c
> E
= — 0
g < 5
o = =]
o <tS [a) Q
) (@) — c
e! — ] I
E © c
S Q S =)
zZ @ = 9
Pin Name Type £ e S &
o O < <
P1.3 Standard 1/0 8 Yes P1MAT.3 ADCO0.11
CP1P.5
CP1N.5
P2.0/ Standard I/O / 7
c2D C2 Debug Data
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Ordering Information

C8051F85x/86x

4. Ordering Information

C8051 F 850 - C -G M

L L Package Type M (QFN), U (QSOP), S (SSOP)
Temperature Grade G (-40 to +85), | (-40 to +125)

Revision

—>» Family and Features — 85x and 86x

—» Memory Type — F (Flash)
—> Silicon Labs 8051 Family

Figure 4.1. C8051F85x/86x Part Numbering

All C8051F85x/86x family members have the following features:
m CIP-51 Core running up to 25 MHz

Two Internal Oscillators (24.5 MHz and 80 kHz)

I2C/SMBus

SPI

UART

3-Channel Programmable Counter Array (PWM, Clock Generation, Capture/Compare)
4 16-bit Timers

2 Analog Comparators

16-bit CRC Unit

In addition to these features, each part number in the C8051F85x/86x family has a set of features that vary across
the product line. The product selection guide in Table 4.1 shows the features available on each family member.
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C8051F85x/86Xx
Table 4.1. Product Selection Guide
12
>

o | 2

215 |8
— ~— c = —
2 g 8|12 |2
£ a S|lo |2 |E |8 |5
2 | |58 |52 |58
= > S la|la|ln |5 |
6_’3 S |3 |z < g T |o ¢
o § S| l1°e |9 |& 8 | & o
£ = m - ) < ) — = o
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C8051F850-C-GM 8 |512|16 |15 | 15| v | v | -40to85°C QFN-20
C8051F850-C-GU 8 |512| 18 |16 |16 | v | v | -40to85°C QSOP-24
C8051F851-C-GM 4 |512| 16 | 15 | 15 | vV v -40t0 85 °C QFN-20
C8051F851-C-GU 4 |512| 18|16 |16 | v | v | -40t085°C QSOP-24
C8051F852-C-GM 2 |256|16 |15 | 15| v | v | -40to85°C QFN-20
C8051F852-C-GU 2 |256|18 |16 | 16 | v | v | -40to85°C QSOP-24
C8051F853-C-GM 8 |512|16 | — | 15| v | v | -40to85°C QFN-20
C8051F853-C-GU 8 |512| 18 | — | 16| v | v | -40to85°C QSOP-24
C8051F854-C-GM 4 |512| 16 | — |15 | vV v -40t0 85 °C QFN-20
C8051F854-C-GU 4 |512| 18| — | 16| v | v | -40t085°C QSOP-24
C8051F855-C-GM 2 |256|16 | — | 15| v | v | -40to85°C QFN-20
C8051F855-C-GU 2 |256| 18| — |16 | v | v | -40to85°C QSOP-24
C8051F860-C-GS 8 |512|13 |12 | 12| v | v | -40to85°C SOIC-16
C8051F861-C-GS 4 |512| 13|12 |12 | v | v | -40t085°C SOIC-16
C8051F862-C-GS 2 |256|13 |12 |12 | v | v | -“40to85°C SOIC-16
C8051F863-C-GS 8 |512| 13| — |12 | v | v | -40to85°C SOIC-16
C8051F864-C-GS 4 |512| 13| — |12 | v | v | -40t085°C SOIC-16
C8051F865-C-GS 2 |256| 13| — |12 | v | v | -“40to85°C SOIC-16

-IM, -1U and -IS extended temperature range devices (-40 to 125 °C) available in Q4 2013.
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QSOP-24 Package Specifications

C8051F85x/86x

5. QSOP-24 Package Specifications

1. All dimensions shown are in millimeters (mm) unless otherwise noted.

el e

Components.

Dimensioning and Tolerancing per ANSI Y14.5M-1994.
This drawing conforms to JEDEC outline MO-137, variation AE.
Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body

8 0 s
AAAAAAAAAAS
El - — 1 — — ] 4
@x>
£2]ddd|C|D ‘ H Seating Plane
LR e =
5] —~ h2b4bxb & e 2] Detoil 1
o] 2x>
|S]ddd]c]A-5] -
| AR R
A [ |
L talaiulal ninlaital il /A E—
Alj -~
Detail 1
Figure 5.1. QSOP-24 Package Drawing
Table 5.1. QSOP-24 Package Dimensions
Dimension Min Nom Max Dimension Min Nom Max
A — — 1.75 e 0.635 BSC
Al 0.10 — 0.25 L 0.40 — 1.27
b 0.20 — 0.30 0 0° — 8°
c 0.10 — 0.25 aaa 0.20
8.65 BSC bbb 0.18
E 6.00 BSC cce 0.10
El 3.90 BSC ddd 0.10
Notes:
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C8051F85x/86x

LIRS
H

Figure 5.2. QSOP-24 PCB Land Pattern
Table 5.2. QSOP-24 PCB Land Pattern Dimensions

Dimension Min Max
C 5.20 5.30
E 0.635 BSC
X 0.30 0.40
Y 1.50 1.60
Notes:
General

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. This land pattern design is based on the IPC-7351 guidelines.

Solder Mask Design
3. All metal pads are to be non-solder mask defined (NSMD). Clearance between the
solder mask and the metal pad is to be 60 um minimum, all the way around the pad.

Stencil Design
4. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should
be used to assure good solder paste release.
5. The stencil thickness should be 0.125 mm (5 mils).
6. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.

Card Assembly
7. A No-Clean, Type-3 solder paste is recommended.
8. The recommended card reflow profile is per the JEDEC/IPC J-STD-020
specification for Small Body Components.

: e
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QFN-20 Package Specifications

C8051F85x/86x

6. QFN-20 Package Specifications

2X
=jpenlele Slece[c]
(LASER MARK) ﬂ A | D2 —=]
X | N D2/2 PIN#1 1D,
(Nlaaal|C|A 20 16 16 2
w ] - Jooga |52
15 0 f/2 15 D (@] +
£ 0 D ad
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B ! 16X b
% EETCERE
DETAIL "A” DETAIL "B”
Figure 6.1. QFN-20 Package Drawing
Table 6.1. QFN-20 Package Dimensions
Symbol Millimeters Symbol Millimeters
Min Nom Max Min Nom Max
A 0.70 0.75 0.80 f 2.53 BSC
Al 0.00 0.02 0.05 L 0.3 0.40 0.5
0.20 0.25 0.30 L1 0.00 — 0.10
c 0.25 0.30 0.35 aaa — — 0.05
D 3.00 BSC bbb — — 0.05
D2 1.6 \ 1.70 \ 1.8 cce — — 0.08
e 0.50 BSC ddd — — 0.10
E 3.00 BSC eee — — 0.10
E2 1.6 1.70 1.8
Notes:
1. All dimensions are shown in millimeters unless otherwise noted.
2. Dimensioning and tolerancing per ANSI Y14.5M-1994.

. &
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Figure 6.2. QFN-20 Landing Diagram
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QFN-20 Package Specifications

C8051F85x/86x

Table 6.2. QFN-20 Landing Diagram Dimensions

Symbol Millimeters Symbol Millimeters
Min Max Min Max
D 2.71 REF GE 2.10 —
D2 160 | 180 W — 0.34
e 0.50 BSC X — 0.28
E 2.71 REF Y 0.61 REF
E2 1.60 ‘ 1.80 ZE — 3.31
f 2.53 BSC ZD — 3.31
GD 210 |  —

Notes: General
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing is per the ANSI Y14.5M-1994 specification.
3. This Land Pattern Design is based on IPC-SM-782 guidelines.
4. All dimensions shown are at Maximum Material Condition (MMC). Least Material
Condition (LMC) is calculated based on a Fabrication Allowance of 0.05 mm.

Notes: Solder Mask Design
1. All metal pads are to be non-solder mask defined (NSMD). Clearance between the
solder mask and the metal pad is to be 60 pum minimum, all the way around the pad.

Notes: Stencil Design

1. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should

be used to assure good solder paste release.

. The stencil thickness should be 0.125 mm (5 mils).
The ratio of stencil aperture to land pad size should be 1:1 for the perimeter pads.
A 1.45 x 1.45 mm square aperture should be used for the center pad. This provides
approximately 70% solder paste coverage on the pad, which is optimum to assure
correct component stand-off.

ESEN

Notes: Card Assembly
1. A No-Clean, Type-3 solder paste is recommended.
2. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification

for Small Body Components.
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C8051F85x/86x

7. SOIC-16 Package Specifications

2X

Ooco]c[a-B
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PIN 1 1.D. ' L (=[] ]
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[ [cldi@]C[A-B[D]
A .‘ Th x 45°
rAC 16X ,,
: \ T@ cec[c el
i 7—*7 :l:j:l:j:l:j:l:j:l:j:l:j:l:j:l:uff SEATING —L/l _.J
IV PLANE T:#‘l -
Al B ; < SEE DETAIL “A
Figure 7.1. SOIC-16 Package Drawing
Table 7.1. SOIC-16 Package Dimensions
Dimension Min Nom Max Dimension Min Nom Max
A — 1.75 L 0.40 1.27
Al 0.10 0.25 L2 0.25BSC
A2 1.25 — h 0.25 0.50
b 0.31 0.51 0 0° 8°
c 0.17 0.25 aaa 0.10
9.90 BSC bbb 0.20
E 6.00 BSC cce 0.10
El 3.90 BSC ddd 0.25
e 1.27 BSC
Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This drawing conforms to the JEDEC Solid State Outline MS-012, Variation AC.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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SOIC-16 Package Specifications

C8051F85x/86x
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Figure 7.2. SOIC-16 PCB Land Pattern
Table 7.2. SOIC-16 PCB Land Pattern Dimensions

Dimension Feature (mm)
C1 Pad Column Spacing 5.40
E Pad Row Pitch 1.27
X1 Pad Width 0.60
Y1 Pad Length 1.55
Notes:
General
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. This Land Pattern Design is based on IPC-7351 pattern SOIC127P600X165-16N for Density
Level B (Median Land Protrusion).
3. All feature sizes shown are at Maximum Material Condition (MMC) and a card fabrication

tolerance of 0.05 mm is assumed.
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C8051F85x/86x

8. Memory Organization

The memory organization of the CIP-51 System Controller is similar to that of a standard 8051. There are two
separate memory spaces: program memory and data memory. Program and data memory share the same address
space but are accessed via different instruction types. The memory organization of the C8051F85x/86x device

family is shown in Figure 8.1.

PROGRAM/DATA MEMORY

(FLASH)
Ox1FFF
8 kB FLASH
(In-System
Programmable in 512
Byte Sectors)
0x0000

OxFF

0x80
OX7F

0x30
Ox2F

0x20
Ox1F

0x00

OXFFFF

0x0100
Ox00FF

0x0000

DATA MEMORY (RAM)
INTERNAL DATA ADDRESS SPACE

Upper 128 RAM
(Indirect Addressing
Only)

Special Function
Registers
(Direct Addressing Only)

(Direct and Indirect Addressing)

32 Bit-Addressable Bytes

32 General Purpose Registers

EXTERNAL DATA ADDRESS SPACE

Same 256 bytes as 0x0000 to OXO0FF,
wrapped on 256-byte boundaries

XRAM - 256 Bytes
(accessable using MOVX instruction)

Lower 128 RAM
(Direct and Indirect
Addressing)

Figure 8.1. C8051F85x/86x Memory Map (8 kB flash version shown)
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Memory Organization

C8051F85x/86x

8.1. Program Memory

The CIP-51 core has a 64 kB program memory space. The C8051F85x/86x family implements 8 kB, 4 kB or 2 kB
of this program memory space as in-system, re-programmable flash memory. The last address in the flash block
(Ox1FFF on 8 kB devices, OXOFFF on 4 kB devices and OxO7FF on 2 kB devices) serves as a security lock byte for
the device, and provides read, write and erase protection. Addresses above the lock byte within the 64 kB address
space are reserved.

C8051F850/3
C8051F860/3
Lock Byte Ox1FFF
. Lock Byte Page | i E C8051F851/4
% ________ C8051F861/4
oz Lock Byte OXOFFF
=2 Sttt A
g % Lock Byte Page 8§8;g§ C8051F852/5
e T TTTTTT C8051F862/5
o Q
5 § Flash Memory Space | LockByte | OxO7FF
i Ox07FE
® Lock Byte Page
% Flash Memory Space I _y — _g — —| 0x0600
S5
Flash Memory Space
| 0x0000 0x0000 0x0000

Figure 8.2. Flash Program Memory Map

8.1.1. MOVX Instruction and Program Memory

The MOVX instruction in an 8051 device is typically used to access external data memory. On the C8051F85x/86x
devices, the MOVX instruction is normally used to read and write on-chip XRAM, but can be re-configured to write
and erase on-chip flash memory space. MOVC instructions are always used to read flash memory, while MOVX
write instructions are used to erase and write flash. This flash access feature provides a mechanism for the
CB8051F85x/86x to update program code and use the program memory space for non-volatile data storage. Refer
to Section “10. Flash Memory” on page 57 for further details.

8.2. Data Memory

The C8051F85x/86x device family includes up to 512 bytes of RAM data memory. 256 bytes of this memory is
mapped into the internal RAM space of the 8051. On devices with 512 bytes total RAM, 256 additional bytes of
memory are available as on-chip “external” memory. The data memory map is shown in Figure 8.1 for reference.

8.2.1. Internal RAM

There are 256 bytes of internal RAM mapped into the data memory space from 0x00 through OxFF. The lower
128 bytes of data memory are used for general purpose registers and scratch pad memory. Either direct or indirect
addressing may be used to access the lower 128 bytes of data memory. Locations 0x00 through Ox1F are
addressable as four banks of general purpose registers, each bank consisting of eight byte-wide registers. The
next 16 bytes, locations 0x20 through Ox2F, may either be addressed as bytes or as 128 bit locations accessible
with the direct addressing mode.

The upper 128 bytes of data memory are accessible only by indirect addressing. This region occupies the same
address space as the Special Function Registers (SFR) but is physically separate from the SFR space. The
addressing mode used by an instruction when accessing locations above Ox7F determines whether the CPU
accesses the upper 128 bytes of data memory space or the SFRs. Instructions that use direct addressing will
access the SFR space. Instructions using indirect addressing above Ox7F access the upper 128 bytes of data
memory. Figure 8.1 illustrates the data memory organization of the C8051F85x/86x.

Revision C C8051F852/5 and C8051F862/5 devices implement the upper four bytes of internal RAM as a 32-bit
Unique ldentifier. More information can be found in “Device Identification and Unique Identifier” on page 64.

. &
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8.2.1.1. General Purpose Registers

The lower 32 bytes of data memory, locations 0x00 through Ox1F, may be addressed as four banks of general-
purpose registers. Each bank consists of eight byte-wide registers designated RO through R7. Only one of these
banks may be enabled at a time. Two bits in the program status word (PSW) register, RSO and RS1, select the
active register bank. This allows fast context switching when entering subroutines and interrupt service routines.
Indirect addressing modes use registers RO and R1 as index registers.

8.2.1.2. Bit Addressable Locations

In addition to direct access to data memory organized as bytes, the sixteen data memory locations at 0x20 through
Ox2F are also accessible as 128 individually addressable bits. Each bit has a bit address from 0x00 to 0x7F. Bit O of
the byte at 0x20 has bit address 0x00 while bit7 of the byte at 0x20 has bit address 0x07. Bit 7 of the byte at Ox2F
has bit address Ox7F. A bit access is distinguished from a full byte access by the type of instruction used (bit source
or destination operands as opposed to a byte source or destination).

The MCS-51™ assembly language allows an alternate notation for bit addressing of the form XX.B where XX is the
byte address and B is the bit position within the byte. For example, the instruction:

MOV C, 22.3h
moves the Boolean value at 0x13 (bit 3 of the byte at location 0x22) into the Carry flag.

8.2.1.3. Stack

A programmer's stack can be located anywhere in the 256-byte data memory. The stack area is designated using
the Stack Pointer (SP) SFR. The SP will point to the last location used. The next value pushed on the stack is
placed at SP+1 and then SP is incremented. A reset initializes the stack pointer to location 0x07. Therefore, the
first value pushed on the stack is placed at location 0x08, which is also the first register (RO) of register bank 1.
Thus, if more than one register bank is to be used, the SP should be initialized to a location in the data memory not
being used for data storage. The stack depth can extend up to 256 bytes.

8.2.2. External RAM

On devices with 512 bytes total RAM, there are 256 bytes of on-chip RAM mapped into the external data memory
space. All of these address locations may be accessed using the external move instruction (MOVX) and the data
pointer (DPTR), or using MOVX indirect addressing mode. Note: the 16-bit MOVX instruction is also used for writes
to the flash memory. See Section “10. Flash Memory” on page 57 for details. The MOVX instruction accesses
XRAM by default.

For a 16-bit MOVX operation (@DPTR), the upper 8 bhits of the 16-bit external data memory address word are
"don't cares". As a result, addresses 0x0000 through OxOOFF are mapped modulo style over the entire 64 k
external data memory address range. For example, the XRAM byte at address 0x0000 is shadowed at addresses
0x0100, 0x0200, 0x0300, 0x0400, etc.

Revision C C8051F850/1/3/4 and C8051F860/1/3/4 devices implement the upper four bytes of external RAM as a
32-bit Unique Identifier. More information can be found in “Device Identification and Unique Identifier” on page 64.

8.2.3. Special Function Registers

The direct-access data memory locations from 0x80 to OxFF constitute the special function registers (SFRs). The
SFRs provide control and data exchange with the CIP-51's resources and peripherals. The CIP-51 duplicates the
SFRs found in a typical 8051 implementation as well as implementing additional SFRs used to configure and
access the sub-systems unique to the MCU. This allows the addition of new functionality while retaining
compatibility with the MCS-51™ instruction set.

The SFR registers are accessed anytime the direct addressing mode is used to access memory locations from
0x80 to OxFF. SFRs with addresses ending in 0x0 or 0x8 (e.g. PO, TCON, SCONQO, IE, etc.) are bit-addressable as
well as byte-addressable. All other SFRs are byte-addressable only. Unoccupied addresses in the SFR space are
reserved for future use. Accessing these areas will have an indeterminate effect and should be avoided.
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Special Function Register Memory Map

C8051F85x/86x

9. Special Function Register Memory Map

This section details the special function register memory map for the C8051F85x/86x devices.

Table 9.1. Special Function Register (SFR) Memory Map

F8| SPIOCN PCAOL PCAOH PCAOCPLO | PCAOCPHO POMAT POMASK VDMOCN
FO B POMDIN P1MDIN EIP1 - - PRTDRV PCAOPWM
E8| ADCOCNO | PCAOCPL1 | PCAOCPH1 | PCAOCPL2 | PCAOCPH2 P1IMAT P1IMASK RSTSRC
EO ACC XBRO XBR1 XBR2 ITO1CF - EIE1 -
D8| PCAOCN PCAOMD |PCAOCPMO|PCAOCPM1|PCAOCPM2| CRCOIN CRCODAT | ADCOPWR
DO PSW REFOCN |CRCOAUTO| CRCOCNT POSKIP P1SKIP | SMBOADM | SMBOADR
C8| TMR2CN REGOCN | TMR2RLL | TMR2RLH TMR2L TMR2H CRCOCN CRCOFLIP
CO| SMBOCN SMBOCF | SMBODAT | ADCOGTL | ADCOGTH | ADCOLTL | ADCOLTH OSCICL
B8 IP ADCOTK - ADCOMX ADCOCF ADCOL ADCOH CPT1CN
BO - OSCLCN | ADCOCN1 | ADCOAC - DEVICEID REVID FLKEY
A8 IE CLKSEL CPT1MX CPT1MD SMBOTC DERIVID - -
A0 P2 SPIOCFG SPIOCKR SPIODAT | POMDOUT | PIMDOUT | P2ZMDOUT -
98| SCONO SBUFO - CPTOCN PCAOCLR | CPTOMD |PCAOCENT| CPTOMX
90 P1 TMR3CN | TMR3RLL | TMR3RLH TMR3L TMR3H PCAOPOL WDTCN
88 TCON TMOD TLO TL1 THO TH1 CKCON PSCTL
80 PO SP DPL DPH - - - PCON
0(8) 1(9) 2(A) 3(B) 4(C) 5(D) 6(E) 7(F)
(bit addressable)
Table 9.2. Special Function Registers
Register Address | Register Description Page
ACC OXEOQ | Accumulator 115
ADCOAC 0xB3 | ADCO Accumulator Configuration 95
ADCOCF 0xBC | ADCO Configuration 94
ADCOCNO OXE8 |ADCO Control O 92
ADCOCN1 0xB2 |ADCO Control 1 93
ADCOGTH 0xC4 | ADCO Greater-Than High Byte 100
ADCOGTL 0xC3 | ADCO Greater-Than Low Byte 101
ADCOH OxBE |ADCO Data Word High Byte 98
ADCOL 0xBD |ADCO Data Word Low Byte 99
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C8051F85x/86Xx
Table 9.2. Special Function Registers (Continued)
Register Address |Register Description Page
ADCOLTH 0xC6 |ADCO Less-Than High Byte 102
ADCOLTL 0xC5 | ADCO Less-Than Low Byte 103
ADCOMX 0xBB | ADCO Multiplexer Selection 104
ADCOPWR O0xDF |ADCO Power Control 96
ADCOTK 0xB9 | ADCO Burst Mode Track Time 97
B O0xFO B Register 116
CKCON Ox8E | Clock Control 257
CLKSEL 0xA9 | Clock Selection 122
CPTOCN 0x9B | Comparator 0 Control 127
CPTOMD 0x9D | Comparator 0 Mode 128
CPTOMX Ox9F | Comparator 0 Multiplexer Selection 129
CPT1CN OxBF | Comparator 1 Control 130
CPT1MD OxAB |Comparator 1 Mode 131
CPT1MX OxAA |Comparator 1 Multiplexer Selection 132
CRCOAUTO 0xD2 |CRCO Automatic Control 139
CRCOCN O0xCE |CRCO Control 136
CRCOCNT 0xD3 | CRCO Automatic Flash Sector Count 140
CRCODAT OxDE |CRCO Data Output 138
CRCOFLIP OxCF CRCO Bit Flip 141
CRCOIN OxDD | CRCO Data Input 137
DERIVID OxXAD | Derivative Identification 66
DEVICEID 0xB5 | Device Identification 65
DPH 0x83 Data Pointer Low 113
DPL 0x82 Data Pointer High 112
EIE1 OXE6 |Extended Interrupt Enable 1 73
EIP1 OxF3 Extended Interrupt Priority 1 74
FLKEY 0xB7 | Flash Lock and Key 63
IE 0xA8 |Interrupt Enable 70
P 0xB8 | Interrupt Priority 72
- e
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Special Function Register Memory Map

C8051F85x/86x
Table 9.2. Special Function Registers (Continued)
Register Address |Register Description Page
ITO1ICF OXE4 |INTO/INT1 Configuration 143
OSCICL 0xC7 | High Frequency Oscillator Calibration 120
OSCLCN 0xB1 |Low Frequency Oscillator Control 121
PO 0x80 |Port O Pin Latch 190
POMASK OXFE |Port 0 Mask 188
POMAT OxFD |Port 0 Match 189
POMDIN OxF1 Port O Input Mode 191
POMDOUT OxA4 Port 0 Output Mode 192
POSKIP 0xD4 | Port 0 Skip 193
P1 0x90 |Port 1 Pin Latch 196
P1IMASK OXEE | Port 1 Mask 194
P1IMAT OXED |Port 1 Match 195
P1MDIN OxF2 |Port 1 Input Mode 197
P1IMDOUT OxA5 Port 1 Output Mode 198
P1SKIP 0xD5 |Port 1 Skip 199
P2 OxAO |Port 2 Pin Latch 200
P2MDOUT OxA6 | Port 2 Output Mode 201
PCAOCENT Ox9E | PCA Center Alignment Enable 169
PCAOCLR 0x9C | PCA Comparator Clear Control 162
PCAOCN 0xD8 PCA Control 159
PCAOCPHO OxFC |PCA Capture Module High Byte 0 167
PCAOCPH1 OXEA |PCA Capture Module High Byte 1 173
PCAOCPH2 OXEC | PCA Capture Module High Byte 2 175
PCAOCPLO OxFB PCA Capture Module Low Byte 0 166
PCAOCPL1 OXE9 | PCA Capture Module Low Byte 1 172
PCAOCPL2 OxEB |PCA Capture Module Low Byte 2 174
PCAOCPMO O0xDA | PCA Capture/Compare Mode 0 163
PCAOCPM1 0xDB | PCA Capture/Compare Mode 1 170
PCAOCPM2 0xDC | PCA Capture/Compare Mode 1 171
; e
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C8051F85x/86Xx
Table 9.2. Special Function Registers (Continued)
Register Address |Register Description Page
PCAOH OxFA | PCA Counter/Timer Low Byte 165
PCAOL 0xF9 PCA Counter/Timer High Byte 164
PCAOMD 0xD9 PCA Mode 160
PCAOPOL 0x96 PCA Output Polarity 168
PCAOPWM OxF7 | PCA PWM Configuration 161
PCON 0x87 | Power Control 77
PRTDRV OxF6 | Port Drive Strength 187
PSCTL Ox8F Program Store Control 62
PSW 0xD0O | Program Status Word 117
REFOCN 0xD1 |Voltage Reference Control 105
REGOCN 0xC9 | Voltage Regulator Control 78
REVID 0xB6 | Revision Identification 67
RSTSRC OXEF | Reset Source 209
SBUFO 0x99 |UARTO Serial Port Data Buffer 283
SCONO 0x98 |UARTO Serial Port Control 281
SMBOADM 0xD6 |SMBusO Slave Address Mask 247
SMBOADR 0xD7 |SMBusO Slave Address 246
SMBOCF 0xC1l |SMBusO0 Configuration 242
SMBOCN 0xCO | SMBusO Control 244
SMBODAT 0xC2 | SMBusO0 Data 248
SMBOTC OXAC | SMBusO0 Timing and Pin Control 243
SP 0x81 |Stack Pointer 114
SPIOCFG O0xAl | SPIO Configuration 222
SPIOCKR 0xA2 | SPIO Clock Control 224
SPIOCN OxF8 | SPIO Control 223
SPIODAT 0xA3 | SPIO Data 225
TCON 0x88 | Timer 0/1 Control 259
THO 0x8C | Timer O High Byte 263
TH1 0x8D |Timer 1 High Byte 264
- e
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Special Function Register Memory Map

C8051F85x/86x
Table 9.2. Special Function Registers (Continued)
Register Address |Register Description Page
TLO Ox8A | Timer O Low Byte 261
TL1 0x8B | Timer 1 Low Byte 262
TMOD 0x89 |Timer 0/1 Mode 260
TMR2CN 0xC8 |Timer 2 Control 265
TMR2H OxCD | Timer 2 High Byte 269
TMR2L 0xCC | Timer 2 Low Byte 268
TMR2RLH 0xCB | Timer 2 Reload High Byte 267
TMR2RLL OxCA |Timer 2 Reload Low Byte 266
TMR3CN 0x91 |Timer 3 Control 270
TMR3H 0x95 Timer 3 High Byte 274
TMR3L 0x94 | Timer 3 Low Byte 273
TMR3RLH 0x93 | Timer 3 Reload High Byte 272
TMR3RLL 0x92 |Timer 3 Reload Low Byte 271
VDMOCN OxFF | Supply Monitor Control 210
WDTCN 0x97 |Watchdog Timer Control 286
XBRO OXE1l |Port /O Crossbar 0 184
XBR1 OXE2 |Port I/O Crossbar 1 185
XBR2 OXE3 |Port I/O Crossbar 2 186
; e
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10. Flash Memory

On-chip, re-programmable flash memory is included for program code and non-volatile data storage. The flash
memory is organized in 512-byte pages. It can be erased and written through the C2 interface or from firmware by
overloading the MOVX instruction. Any individual byte in flash memory must only be written once between page
erase operations.

10.1. Security Options

The CIP-51 provides security options to protect the flash memory from inadvertent modification by software as well
as to prevent the viewing of proprietary program code and constants. The Program Store Write Enable (bit PSWE
in register PSCTL) and the Program Store Erase Enable (bit PSEE in register PSCTL) bits protect the flash
memory from accidental modification by software. PSWE must be explicitly set to ‘1’ before software can modify
the flash memory; both PSWE and PSEE must be set to ‘1’ before software can erase flash memory. Additional
security features prevent proprietary program code and data constants from being read or altered across the C2
interface.

A Security Lock Byte located in flash user space offers protection of the flash program memory from access (reads,
writes, or erases) by unprotected code or the C2 interface. See Section “8. Memory Organization” on page 49 for
the location of the security byte. The flash security mechanism allows the user to lock n 512-byte flash pages,
starting at page 0 (addresses 0x0000 to OxO1FF), where n is the 1's complement number represented by the
Security Lock Byte. Note that the page containing the flash Security Lock Byte is unlocked when no other
flash pages are locked (all bits of the Lock Byte are ‘1’) and locked when any other flash pages are locked
(any bit of the Lock Byte is ‘0’). An example is shown in Figure 10.1.

Security Lock Byte: 11111101b
1s Complement: 00000010b
Flash pages locked: 3 (First two flash pages + Lock Byte Page)

Figure 10.1. Security Byte Decoding

The level of flash security depends on the flash access method. The three flash access methods that can be
restricted are reads, writes, and erases from the C2 debug interface, user firmware executing on unlocked pages,
and user firmware executing on locked pages. Table 10.1 summarizes the flash security features of the
C8051F85x/86x devices.

Table 10.1. Flash Security Summary

Action C2 Debug User Firmware executing from:
Interface
an unlocked page alocked page
Read, Write or Erase unlocked pages Permitted Permitted Permitted

(except page with Lock Byte)

Read, Write or Erase locked pages Not Permitted Flash Error Reset Permitted
(except page with Lock Byte)

Read or Write page containing Lock Byte Permitted Permitted N/A
(if no pages are locked)

Read or Write page containing Lock Byte Not Permitted Flash Error Reset Permitted
(if any page is locked)

Read contents of Lock Byte Permitted Permitted N/A

(if no pages are locked)
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Table 10.1. Flash Security Summary

(if no pages are locked)

Read contents of Lock Byte Not Permitted Flash Error Reset Permitted
(if any page is locked)
Erase page containing Lock Byte Permitted Permitted N/A

Erase page containing Lock Byte—Unlock all
pages (if any page is locked)

C2 Device Erase
Only

Flash Error Reset

Flash Error Reset

Lock additional pages
(change 1s to Os in the Lock Byte)

Not Permitted

Flash Error Reset

Flash Error Reset

Unlock individual pages
(change 0Os to 1s in the Lock Byte)

Not Permitted

Flash Error Reset

Flash Error Reset

Read, Write or Erase Reserved Area

Not Permitted

Flash Error Reset

Flash Error Reset

- Locking any flash page also locks the page containing the Lock Byte.

C2 Device Erase—Erases all flash pages including the page containing the Lock Byte.
Flash Error Reset —Not permitted; Causes Flash Error Device Reset (FERROR bit in RSTSRC is '1' after reset).

- Once written to, the Lock Byte cannot be modified except by performing a C2 Device Erase.
- If user code writes to the Lock Byte, the Lock does not take effect until the next device reset.

- All prohibited operations that are performed via the C2 interface are ignored (do not cause device reset).
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10.2. Programming the Flash Memory

Writes to flash memory clear bits from logic 1 to logic 0, and can be performed on single byte locations. Flash
erasures set bits back to logic 1, and occur only on full pages. The write and erase operations are automatically
timed by hardware for proper execution; data polling to determine the end of the write/erase operation is not
required. Code execution is stalled during a flash write/erase operation.

The simplest means of programming the flash memory is through the C2 interface using programming tools
provided by Silicon Labs or a third party vendor. This is the only means for programming a non-initialized device.

To ensure the integrity of flash contents, it is strongly recommended that the on-chip supply monitor be enabled in
any system that includes code that writes and/or erases flash memory from software.

10.2.1. Flash Lock and Key Functions

Flash writes and erases by user software are protected with a lock and key function. The Flash Lock and Key
Register (FLKEY) must be written with the correct key codes, in sequence, before flash operations may be
performed. The key codes are: 0xA5, OxF1. The timing does not matter, but the codes must be written in order. If
the key codes are written out of order, or the wrong codes are written, flash writes and erases will be disabled until
the next system reset. Flash writes and erases will also be disabled if a flash write or erase is attempted before the
key codes have been written properly. The flash lock resets after each write or erase; the key codes must be
written again before a following flash operation can be performed.

10.2.2. Flash Erase Procedure

The flash memory can be programmed by software using the MOVX write instruction with the address and data
byte to be programmed provided as normal operands. Before writing to flash memory using MOVX, flash write
operations must be enabled by: (1) setting the PSWE Program Store Write Enable bit in the PSCTL register to
logic 1 (this directs the MOVX writes to target flash memory); and (2) Writing the flash key codes in sequence to the
Flash Lock register (FLKEY). The PSWE bit remains set until cleared by software.

A write to flash memory can clear bits to logic 0 but cannot set them; only an erase operation can set bits to logic 1
in flash. A byte location to be programmed should be erased before a new value is written. Erase operation
applies to an entire page (setting all bytes in the page to OxFF). To erase an entire page, perform the following
steps:
. Disable interrupts (recommended).
. Set the PSEE bit (register PSCTL).
. Set the PSWE bit (register PSCTL).
. Write the first key code to FLKEY: OxA5.
. Write the second key code to FLKEY: OxF1.
. Using the MOVX instruction, write a data byte to any location within the page to be erased.
. Clear the PSWE and PSEE bits.
10.2.3. Flash Write Procedure
Flash bytes are programmed by software with the following sequence:
1. Disable interrupts (recommended).
Erase the flash page containing the target location, as described in Section 10.2.2.
Set the PSWE bit (register PSCTL).
Clear the PSEE bit (register PSCTL).
Write the first key code to FLKEY: OxA5.
Write the second key code to FLKEY: OxF1.
Using the MOVX instruction, write a single data byte to the desired location within the desired page.
8. Clear the PSWE bit.

Steps 5-7 must be repeated for each byte to be written. After flash writes are complete, PSWE should be cleared
so that MOVX instructions do not target program memory.
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10.3. Non-volatile Data Storage

The flash memory can be used for non-volatile data storage as well as program code. This allows data such as
calibration coefficients to be calculated and stored at run time. Data is written using the MOVX write instruction and
read using the MOVC instruction. Note: MOVX read instructions always target XRAM.

10.4. Flash Write and Erase Guidelines

Any system which contains routines which write or erase flash memory from software involves some risk that the
write or erase routines will execute unintentionally if the CPU is operating outside its specified operating range of
supply voltage, system clock frequency or temperature. This accidental execution of flash modifying code can
result in alteration of flash memory contents causing a system failure that is only recoverable by re-flashing the
code in the device.

To help prevent the accidental modification of flash by firmware, hardware restricts flash writes and erasures when
the supply monitor is not active and selected as a reset source. As the monitor is enabled and selected as a reset
source by default, it is recommended that systems writing or erasing flash simply maintain the default state.

The following guidelines are recommended for any system which contains routines which write or erase flash from
code.

10.4.1. Voltage Supply Maintenance and the Supply Monitor

1. If the system power supply is subject to voltage or current "spikes," add sufficient transient protection
devices to the power supply to ensure that the supply voltages listed in the Absolute Maximum Ratings
table are not exceeded.

2. Make certain that the minimum supply rise time specification is met. If the system cannot meet this rise
time specification, then add an external supply brownout circuit to the RST pin of the device that holds the
device in reset until the voltage supply reaches the lower limit, and re-asserts RST if the supply drops
below the low supply limit.

3. Do not disable the supply monitor. If the supply monitor must be disabled in the system, firmware should be
added to the startup routine to enable the on-chip supply monitor and enable the supply monitor as a reset
source as early in code as possible. This should be the first set of instructions executed after the reset
vector. For C-based systems, this may involve modifying the startup code added by the C compiler. See
your compiler documentation for more details. Make certain that there are no delays in software between
enabling the supply monitor and enabling the supply monitor as a reset source. Code examples showing
this can be found in “AN201: Writing to Flash From Firmware", available from the Silicon Laboratories web
site. Note that the supply monitor must be enabled and enabled as a reset source when writing or
erasing flash memory. A flash error reset will occur if either condition is not met.

4. As an added precaution if the supply monitor is ever disabled, explicitly enable the supply monitor and
enable the supply monitor as a reset source inside the functions that write and erase flash memory. The
supply monitor enable instructions should be placed just after the instruction to set PSWE to a 1, but before
the flash write or erase operation instruction.

5. Make certain that all writes to the RSTSRC (Reset Sources) register use direct assignment operators and
explicitly DO NOT use the bit-wise operators (such as AND or OR). For example, "/RSTSRC = 0x02" is
correct. "RSTSRC |= 0x02" is incorrect.

6. Make certain that all writes to the RSTSRC register explicitly set the PORSF bit to a '1'. Areas to check are
initialization code which enables other reset sources, such as the Missing Clock Detector or Comparator,
for example, and instructions which force a Software Reset. A global search on "RSTSRC" can quickly
verify this.

10.4.2. PSWE Maintenance

7. Reduce the number of places in code where the PSWE bit (in register PSCTL) is set to a 1. There should
be exactly one routine in code that sets PSWE to a '1' to write flash bytes and one routine in code that sets
PSWE and PSEE both to a '1' to erase flash pages.

8. Minimize the number of variable accesses while PSWE is set to a 1. Handle pointer address updates and
loop variable maintenance outside the "PSWE = 1;... PSWE = 0;" area. Code examples showing this can
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be found in “AN201: Writing to Flash From Firmware", available from the Silicon Laboratories web site.

9. Disable interrupts prior to setting PSWE to a '1' and leave them disabled until after PSWE has been reset
to 0. Any interrupts posted during the flash write or erase operation will be serviced in priority order after
the flash operation has been completed and interrupts have been re-enabled by software.

10. Make certain that the flash write and erase pointer variables are not located in XRAM. See your compiler
documentation for instructions regarding how to explicitly locate variables in different memory areas.

11. Add address bounds checking to the routines that write or erase flash memory to ensure that a routine
called with an illegal address does not result in modification of the flash.

10.4.3. System Clock

12. If operating from an external crystal-based source, be advised that crystal performance is susceptible to
electrical interference and is sensitive to layout and to changes in temperature. If the system is operating in
an electrically noisy environment, use the internal oscillator or use an external CMOS clock.

13. If operating from the external oscillator, switch to the internal oscillator during flash write or erase
operations. The external oscillator can continue to run, and the CPU can switch back to the external
oscillator after the flash operation has completed.

Additional flash recommendations and example code can be found in “AN201: Writing to Flash From Firmware",
available from the Silicon Laboratories website.
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10.5. Flash Control Registers

Register 10.1. PSCTL: Program Store Control

Bit 7 6 5 4 3 2 1 0
Name Reserved PSEE PSWE
Type R RwW RW
Reset 0 0 0 0 0 0 0 0

SFR Address: 0x8F

Table 10.2. PSCTL Register Bit Descriptions

Bit

Name

Function

7:2

Reserved

Must write reset value.

PSEE

Program Store Erase Enable.

Setting this bit (in combination with PSWE) allows an entire page of flash program mem-
ory to be erased. If this bit is logic 1 and flash writes are enabled (PSWE is logic 1), a
write to flash memory using the MOVX instruction will erase the entire page that contains
the location addressed by the MOVX instruction. The value of the data byte written does
not matter.

0: Flash program memory erasure disabled.

1: Flash program memory erasure enabled.

PSWE

Program Store Write Enable.
Setting this bit allows writing a byte of data to the flash program memory using the MOVX
write instruction. The flash location should be erased before writing data.

0: Writes to flash program memory disabled.
1: Writes to flash program memory enabled; the MOVX write instruction targets flash

memory.
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Register 10.2. FLKEY: Flash Lock and Key

Bit 7 6 5 4 3 2 1 0
Name FLKEY
Type RW
Reset 0 0 0 0 0 0 0 0

SFR Address: 0xB7

Table 10.3. FLKEY Register Bit Descriptions

Bit

Name

Function

7:0

FLKEY

Flash Lock and Key Register.

Write:

This register provides a lock and key function for flash erasures and writes. Flash writes
and erases are enabled by writing OxA5 followed by OxF1 to the FLKEY register. Flash
writes and erases are automatically disabled after the next write or erase is complete. If
any writes to FLKEY are performed incorrectly, or if a flash write or erase operation is
attempted while these operations are disabled, the flash will be permanently locked from
writes or erasures until the next device reset. If an application never writes to flash, it can
intentionally lock the flash by writing a non-0xA5 value to FLKEY from software.

Read:

When read, bits 1-0 indicate the current flash lock state.

00: Flash is write/erase locked.

01: The first key code has been written (OXA5).

10: Flash is unlocked (writes/erases allowed).

11: Flash writes/erases are disabled until the next reset.
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11. Device Identification and Unique ldentifier

The C8051F85x/86x has SFRs that identify the device family, derivative, and revision. These SFRs can be read by
firmware at runtime to determine the capabilities of the MCU that is executing code. This allows the same firmware
image to run on MCUs with different memory sizes and peripherals, and dynamically change functionality to suit
the capabilities of that MCU.

In addition to the device identification registers, a 32-bit unique identifier (UID) is pre-programmed into all Revision
C and later devices. The UID resides in the last four bytes of XRAM (C8051F850/1/3/4 and C8051F860/1/3/4) or
RAM (C8051F852/5 and C8051F862/5). For devices with the UID in RAM, the UID can be read by firmware using
indirect data accesses. For devices with the UID in XRAM, the UID can be read by firmware using MOVX
instructions. The UID can also be read through the debug port for all devices.

Firmware can overwrite the UID during normal operation, and the bytes in memory will be automatically reinitialized
with the UID value after any device reset. Firmware using this area of memory should always initialize the memory
to a known value, as any previous data stored at these locations will be overwritten and not retained through a
reset.

Table 11.1. UID Implementation Information

Device Memory Segment Addresses

C8051F850
C8051F851
C8051F853
C8051F854
C8051F860
C8051F861
C8051F863
C8051F864

XRAM (MSB) 0X00FF, 0X00FE, OX00FD, 0x00FC (LSB)

C8051F852
C8051F855
C8051F862
C8051F865

RAM (indirect) (MSB) OXFF, OxFE, OXFD, OxFC (LSB)
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11.1. Device Identification Registers
Register 11.1. DEVICEID: Device Identification
Bit 7 6 4 3 2 1 0
Name DEVICEID
Type R
Reset 0 0 1 0 0 0 0

SFR Address: 0xB5

Table 11.2. DEVICEID Register Bit Descriptions

Bit

Name

Function

7:0

DEVICEID

Device ID.

This read-only register returns the 8-bit device ID: 0x30 (C8051F85x/86x).

SILITON

LABS

Preliminary Rev 0.7

65

Jaljnuap| anbiun pue uolealuap| 8dinag



Device ldentification and Unique ldentifier

C8051F85x/86x

Register 11.2. DERIVID: Derivative Identification

Bit 7 6 5 4 3 2 1 0
Name DERIVID
Type R
Reset X X X X X X X X

SFR Address: OXAD

Table 11.3. DERIVID Register Bit Descriptions

Bit

Name

Function

7:0

DERIVID

Derivative ID.

This read-only register returns the 8-bit derivative 1D, which can be used by firmware to
identify which device in the product family the code is executing on. The {R} tag in the

part numbers below indicates the device revision letter in the ordering code.
0xDO:
OxD1:
0xD2:
0xD3:
0xD4:
0xD5:
OxEO:
OxE1:
OxEZ2:
OxE3:
OxE4:
OxE5:
OxFO:
OxF1:
OxF2:
OxF3:
OxF4:
OxF5:

C8051F850-{R}-GU
C8051F851-{R}-GU
C8051F852-{R}-GU
C8051F853-{R}-GU
C8051F854-{R}-GU
C8051F855-{R}-GU
C8051F860-{R}-GS
C8051F861-{R}-GS
C8051F862-{R}-GS
C8051F863-{R}-GS
C8051F864-{R}-GS
C8051F865-{R}-GS
C8051F850-{R}-GM
C8051F851-{R}-GM
C8051F852-{R}-GM
C8051F853-{R}-GM
C8051F854-{R}-GM
C8051F855-{R}-GM
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Register 11.3. REVID: Revision Identifcation
Bit 7 6 5 4 3 2
Name REVID
Type R
Reset X X X X X X

SFR Address: 0xB6

Table 11.4. REVID Register Bit Descriptions

Bit

Name

Function

7:0

REVID

Revision ID.

This read-only register returns the 8-bit revision ID.
00000000: Revision A

00000001: Revision B

00000010: Revision C

00000011-11111111: Reserved.
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12. Interrupts

The C8051F85x/86x includes an extended interrupt system supporting multiple interrupt sources with two priority
levels. The allocation of interrupt sources between on-chip peripherals and external input pins varies according to
the specific version of the device. Each interrupt source has one or more associated interrupt-pending flag(s)
located in an SFR. When a peripheral or external source meets a valid interrupt condition, the associated interrupt-
pending flag is set to logic 1.

If interrupts are enabled for the source, an interrupt request is generated when the interrupt-pending flag is set. As
soon as execution of the current instruction is complete, the CPU generates an LCALL to a predetermined address
to begin execution of an interrupt service routine (ISR). Each ISR must end with an RETI instruction, which returns
program execution to the next instruction that would have been executed if the interrupt request had not occurred.
If interrupts are not enabled, the interrupt-pending flag is ignored by the hardware and program execution
continues as normal. The interrupt-pending flag is set to logic 1 regardless of the interrupt's enable/disable state.

Each interrupt source can be individually enabled or disabled through the use of an associated interrupt enable bit
in an SFR (IE and EIE1). However, interrupts must first be globally enabled by setting the EA bit in the IE register to
logic 1 before the individual interrupt enables are recognized. Setting the EA bit to logic 0 disables all interrupt
sources regardless of the individual interrupt-enable settings.

Some interrupt-pending flags are automatically cleared by the hardware when the CPU vectors to the ISR.
However, most are not cleared by the hardware and must be cleared by software before returning from the ISR. If
an interrupt-pending flag remains set after the CPU completes the return-from-interrupt (RETI) instruction, a new
interrupt request will be generated immediately and the CPU will re-enter the ISR after the completion of the next
instruction.

12.1. MCU Interrupt Sources and Vectors

The C8051F85x/86x MCUs support interrupt sources for each peripheral on the device. Software can simulate an
interrupt by setting any interrupt-pending flag to logic 1. If interrupts are enabled for the flag, an interrupt request
will be generated and the CPU will vector to the ISR address associated with the interrupt-pending flag. MCU
interrupt sources, associated vector addresses, priority order and control bits are summarized in Table 12.1. Refer
to the datasheet section associated with a particular on-chip peripheral for information regarding valid interrupt
conditions for the peripheral and the behavior of its interrupt-pending flag(s).

12.1.1. Interrupt Priorities

Each interrupt source can be individually programmed to one of two priority levels: low or high. A low priority
interrupt service routine can be preempted by a high priority interrupt. A high priority interrupt cannot be
preempted. Each interrupt has an associated interrupt priority bit in an SFR (IP or EIP1) used to configure its
priority level. Low priority is the default. If two interrupts are recognized simultaneously, the interrupt with the higher
priority is serviced first. If both interrupts have the same priority level, a fixed priority order is used to arbitrate, given
in Table 12.1.

12.1.2. Interrupt Latency

Interrupt response time depends on the state of the CPU when the interrupt occurs. Pending interrupts are
sampled and priority decoded each system clock cycle. Therefore, the fastest possible response time is 5 system
clock cycles: 1 clock cycle to detect the interrupt and 4 clock cycles to complete the LCALL to the ISR. If an
interrupt is pending when a RETI is executed, a single instruction is executed before an LCALL is made to service
the pending interrupt. Therefore, the maximum response time for an interrupt (when no other interrupt is currently
being serviced or the new interrupt is of greater priority) occurs when the CPU is performing an RETI instruction
followed by a DIV as the next instruction. In this case, the response time is 18 system clock cycles: 1 clock cycle to
detect the interrupt, 5 clock cycles to execute the RETI, 8 clock cycles to complete the DIV instruction and 4 clock
cycles to execute the LCALL to the ISR. If the CPU is executing an ISR for an interrupt with equal or higher priority,
the new interrupt will not be serviced until the current ISR completes, including the RETI and following instruction.
If more than one interrupt is pending when the CPU exits an ISR, the CPU will service the next highest priority
interrupt that is pending.

. &
68 Preliminary Rev 0.7 @

SILICON LABS




C8051F85x/86x
Table 12.1. Interrupt Summary
Interrupt Source Interrupt | Priority |Pending Flags D I Enable Flag
Vector Order s %
)]
2 |2
g |8
© ]
= o
m O
Reset 0x0000 Top None N/A |N/A |Always Enabled
External Interrupt O (INTO) 0x0003 0 IEO (TCON.1) Y Y EXO (IE.O)
Timer 0 Overflow 0x000B 1 TFO (TCON.5) Y Y ETO (IE.1)
External Interrupt 1 (INT1) 0x0013 2 IE1 (TCON.3) Y Y EX1 (IE.2)
Timer 1 Overflow 0x001B 3 TF1 (TCON.7) Y Y ET1 (IE.3)
UARTO 0x0023 4 RI (SCONO0.0) Y N ESO (IE.4)
TI (SCONO.1)
Timer 2 Overflow 0x002B 5 TF2H (TMR2CN.7) Y N ET2 (IE.5)
TF2L (TMR2CN.6)
SPIO 0x0033 6 SPIF (SPIOCN.7) Y N ESPIO (IE.6)
WCOL (SPIOCN.6)
MODF (SPIOCN.5)
RXOVRN (SPIOCN.4)
SMBO 0x003B S| (SMBOCN.0) Y N ESMBO (EIE1.0)
Port Match 0x0043 None N/A |N/A |EMAT (EIE1.1)
ADCO Window Compare 0x004B ADWINT (ADCOCN.3) Y N EWADCO (EIE1.2)
ADCO Conversion Complete |0x0053 10 ADINT (ADCOCN.5) Y N EADCO (EIE1.3)
Programmable Counter 0x005B 11 CF (PCAOCN.7) Y N EPCAO (EIE1.4)
Array CCFn (PCAOCN.n)
COVF (PCAOPWM.6)
ComparatorQ 0x0063 12 CPFIF (CPTOCN.4) N N ECPO (EIEL.5)
CPRIF (CPTOCN.5)
Comparatorl 0x006B 13 CPFIF (CPT1CN.4) N N ECP1 (EIEL.6)
CPRIF (CPT1CN.5)
Timer 3 Overflow 0x0073 14 TF3H (TMR3CN.7) N N ET3 (EIEL1.7)
TF3L (TMR3CN.6)
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12.2. Interrupt Control Registers

Register 12.1. IE: Interrupt Enable

Bit 7 6 5 4 3 2 1 0
Name EA ESPIO ET2 ESO ET1 EX1 ETO EX0
Type RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Address: 0xA8 (bit-addressable)

Table 12.2. IE Register Bit Descriptions

Bit

Name

Function

EA

Enable All Interrupts.

Globally enables/disables all interrupts and overrides individual interrupt mask settings.
0: Disable all interrupt sources.

1: Enable each interrupt according to its individual mask setting.

ESPIO

Enable SPIO Interrupt.

This bit sets the masking of the SPI0 interrupts.
0: Disable all SPIO interrupts.
1: Enable interrupt requests generated by SPIO.

ET2

Enable Timer 2 Interrupt.

This bit sets the masking of the Timer 2 interrupt.

0: Disable Timer 2 interrupt.

1: Enable interrupt requests generated by the TF2L or TF2H flags.

ESO

Enable UARTO Interrupt.

This bit sets the masking of the UARTO interrupt.
0: Disable UARTO interrupt.

1: Enable UARTO interrupt.

ET1

Enable Timer 1 Interrupt.

This bit sets the masking of the Timer 1 interrupt.

0: Disable all Timer 1 interrupt.

1: Enable interrupt requests generated by the TF1 flag.

EX1

Enable External Interrupt 1.

This bit sets the masking of External Interrupt 1.

0: Disable external interrupt 1.

1: Enable interrupt requests generated by the INT1 input.

ETO

Enable Timer O Interrupt.

This bit sets the masking of the Timer 0 interrupt.

0: Disable all Timer O interrupt.

1: Enable interrupt requests generated by the TFO flag.
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Table 12.2. IE Register Bit Descriptions

Bit

Name

Function

EXO

Enable External Interrupt 0.

This bit sets the masking of External Interrupt O.

0: Disable external interrupt 0.

1: Enable interrupt requests generated by the INTO input.
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Register 12.2. IP: Interrupt Priority

Bit 7 6 5 4 3 2 1 0
Name | Reserved PSPIO PT2 PSO PT1 PX1 PTO PX0
Type R RW RW RW RW RW RW RW
Reset 1 0 0 0 0 0 0 0

SFR Address: 0xB8 (bit-addressable)

Table 12.3. IP Register Bit Descriptions

Bit

Name

Function

Reserved

Must write reset value.

PSPIO

Serial Peripheral Interface (SPI0) Interrupt Priority Control.
This bit sets the priority of the SPIO interrupt.

0: SPIO interrupt set to low priority level.

1: SPIO interrupt set to high priority level.

PT2

Timer 2 Interrupt Priority Control.

This bit sets the priority of the Timer 2 interrupt.
0: Timer 2 interrupt set to low priority level.

1: Timer 2 interrupt set to high priority level.

PSO

UARTO Interrupt Priority Control.

This bit sets the priority of the UARTO interrupt.
0: UARTO interrupt set to low priority level.

1: UARTO interrupt set to high priority level.

PT1

Timer 1 Interrupt Priority Control.

This bit sets the priority of the Timer 1 interrupt.
0: Timer 1 interrupt set to low priority level.

1: Timer 1 interrupt set to high priority level.

PX1

External Interrupt 1 Priority Control.

This bit sets the priority of the External Interrupt 1 interrupt.
0: External Interrupt 1 set to low priority level.

1: External Interrupt 1 set to high priority level.

PTO

Timer O Interrupt Priority Control.

This bit sets the priority of the Timer 0 interrupt.
0: Timer O interrupt set to low priority level.

1: Timer O interrupt set to high priority level.

PX0

External Interrupt O Priority Control.

This bit sets the priority of the External Interrupt O interrupt.
0: External Interrupt O set to low priority level.

1: External Interrupt O set to high priority level.

72

Preliminary Rev 0.7

~>

SILITON

LABS



C8051F85x/86x
Register 12.3. EIEL1l: Extended Interrupt Enable 1
Bit 7 6 5 4 3 2 1 0
Name ET3 ECP1 ECPO EPCAOQ EADCO EWADCO EMAT ESMBO
Type RwW RwW RwW RW RW RW RW RwW
Reset 0 0 0 0 0 0 0 0

SFR Address: OxE6

Table 12.4. EIE1 Register Bit Descriptions

Bit

Name

Function

ET3

Enable Timer 3 Interrupt.

This bit sets the masking of the Timer 3 interrupt.
0: Disable Timer 3 interrupts.
1: Enable interrupt requests generated by the TF3L or TF3H flags.

ECP1

Enable Comparatorl (CP1) Interrupt.

This bit sets the masking of the CP1 interrupt.
0: Disable CP1 interrupts.
1: Enable interrupt requests generated by the comparator 1 CPRIF or CPFIF flags.

ECPO

Enable Comparator0 (CPOQ) Interrupt.

This bit sets the masking of the CPO interrupt.

0: Disable CPO interrupts.

1: Enable interrupt requests generated by the comparator 0 CPRIF or CPFIF flags.

EPCAO

Enable Programmable Counter Array (PCAQ) Interrupt.

This bit sets the masking of the PCAO interrupts.
0: Disable all PCAQ interrupts.
1: Enable interrupt requests generated by PCAO.

EADCO

Enable ADCO Conversion Complete Interrupt.

This bit sets the masking of the ADCO Conversion Complete interrupt.
0: Disable ADCO Conversion Complete interrupt.
1: Enable interrupt requests generated by the ADINT flag.

EWADCO

Enable Window Comparison ADCO Interrupt.
This bit sets the masking of ADCO Window Comparison interrupt.

0: Disable ADCO Window Comparison interrupt.
1: Enable interrupt requests generated by ADCO Window Compare flag (ADWINT).

EMAT

Enable Port Match Interrupts.
This bit sets the masking of the Port Match Event interrupt.

0: Disable all Port Match interrupts.
1: Enable interrupt requests generated by a Port Match.

ESMBO

Enable SMBus (SMBO) Interrupt.

This bit sets the masking of the SMBO interrupt.
0: Disable all SMBO interrupts.
1: Enable interrupt requests generated by SMBO.

&~

SILITON

LABS

Preliminary Rev 0.7 73

s1dnuiaqul



Interrupts

C8051F85x/86x

Register 12.4. EIP1: Extended Interrupt Priority 1

Bit 7 6 5 4 3 2 1 0
Name PT3 PCP1 PCPO PPCAO PADCO PWADCO PMAT PSMBO
Type RwW RwW RW RW RwW RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Address: OxF3

Table 12.5. EIP1 Register Bit Descriptions

Bit

Name

Function

PT3

Timer 3 Interrupt Priority Control.

This bit sets the priority of the Timer 3 interrupt.
0: Timer 3 interrupts set to low priority level.

1: Timer 3 interrupts set to high priority level.

PCP1

Comparatorl (CP1) Interrupt Priority Control.
This bit sets the priority of the CP1 interrupt.

0: CP1 interrupt set to low priority level.

1: CP1 interrupt set to high priority level.

PCPO

Comparator0 (CPO) Interrupt Priority Control.
This bit sets the priority of the CPO interrupt.

0: CPO interrupt set to low priority level.

1: CPO interrupt set to high priority level.

PPCAO

Programmable Counter Array (PCAOQ) Interrupt Priority Control.
This bit sets the priority of the PCAQ interrupt.

0: PCAQ interrupt set to low priority level.

1: PCAQO interrupt set to high priority level.

PADCO

ADCO Conversion Complete Interrupt Priority Control.

This bit sets the priority of the ADCO Conversion Complete interrupt.
0: ADCO Conversion Complete interrupt set to low priority level.

1: ADCO Conversion Complete interrupt set to high priority level.

PWADCO

ADCO Window Comparator Interrupt Priority Control.
This bit sets the priority of the ADCO Window interrupt.
0: ADCO Window interrupt set to low priority level.

1: ADCO Window interrupt set to high priority level.

PMAT

Port Match Interrupt Priority Control.

This bit sets the priority of the Port Match Event interrupt.
0: Port Match interrupt set to low priority level.

1: Port Match interrupt set to high priority level.
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Table 12.5. EIP1 Register Bit Descriptions
Bit Name Function
0 PSMBO SMBus (SMBO) Interrupt Priority Control.

This bit sets the priority of the SMBO interrupt.
0: SMBO interrupt set to low priority level.
1: SMBO interrupt set to high priority level.
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13. Power Management and Internal Regulator

All internal circuitry on the C8051F85x/86x devices draws power from the VDD supply pin. Circuits with external
connections (I/O pins, analog muxes) are powered directly from the VDD supply voltage, while most of the internal
circuitry is supplied by an on-chip LDO regulator. The regulator output is fully internal to the device, and is available
also as an ADC input or reference source for the comparators and ADC.

The devices support the standard 8051 power modes: idle and stop. For further power savings in stop mode, the
internal LDO regulator may be disabled, shutting down the majority of the power nets on the device.

Although the C8051F85x/86x has idle and stop modes available, more control over the device power can be
achieved by enabling/disabling individual peripherals as needed. Each analog peripheral can be disabled when not
in use and placed in low power mode. Digital peripherals, such as timers and serial buses, have their clocks gated
off and draw little power when they are not in use.

13.1. Power Modes

Idle mode halts the CPU while leaving the peripherals and clocks active. In stop mode, the CPU is halted, all
interrupts and timers are inactive, and the internal oscillator is stopped (analog peripherals remain in their selected
states; the external oscillator is not affected). Since clocks are running in Idle mode, power consumption is
dependent upon the system clock frequency and the number of peripherals left in active mode before entering Idle.
Stop mode consumes the least power because the majority of the device is shut down with no clocks active. The
Power Control Register (PCON) is used to control the C8051F85x/86x's Stop and Idle power management modes.

13.1.1. Idle Mode

Setting the Idle Mode Select bit (PCON.0) causes the hardware to halt the CPU and enter idle mode as soon as
the instruction that sets the bit completes execution. All internal registers and memory maintain their original data.
All analog and digital peripherals can remain active during idle mode.

Idle mode is terminated when an enabled interrupt is asserted or a reset occurs. The assertion of an enabled
interrupt will cause the Idle Mode Selection bit (PCON.0Q) to be cleared and the CPU to resume operation. The
pending interrupt will be serviced and the next instruction to be executed after the return from interrupt (RETI) will
be the instruction immediately following the one that set the Idle Mode Select bit. If idle mode is terminated by an
internal or external reset, the CIP-51 performs a normal reset sequence and begins program execution at address
0x0000.

Note: If the instruction following the write of the IDLE bit is a single-byte instruction and an interrupt occurs during the
execution phase of the instruction that sets the IDLE bit, the CPU may not wake from Idle mode when a future interrupt
occurs. Therefore, instructions that set the IDLE bit should be followed by an instruction that has two or more opcode
bytes, for example:

// in “C’:

PCON |= OxO01; // set IDLE bit

PCON = PCON; // ... followed by a 3-cycle dummy instruction
; In assembly:

ORL PCON, #01h ; set IDLE bit

MOV PCON, PCON ; --. Ffollowed by a 3-cycle dummy instruction

If enabled, the Watchdog Timer (WDT) will eventually cause an internal watchdog reset and thereby terminate the
idle mode. This feature protects the system from an unintended permanent shutdown in the event of an inadvertent
write to the PCON register. If this behavior is not desired, the WDT may be disabled by software prior to entering
the Idle mode if the WDT was initially configured to allow this operation. This provides the opportunity for additional
power savings, allowing the system to remain in the Idle mode indefinitely, waiting for an external stimulus to wake
up the system.
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13.1.2. Stop Mode

Setting the Stop Mode Select bit (PCON.1) causes the controller core to enter Stop mode as soon as the
instruction that sets the bit completes execution. Before entering stop mode, the system clock must be sourced by
the internal high-frequency oscillator. In stop mode the internal oscillator, CPU, and all digital peripherals are
stopped; the state of the external oscillator circuit is not affected. Each analog peripheral (including the external
oscillator circuit) may be shut down individually prior to entering stop mode. Stop mode can only be terminated by
an internal or external reset. On reset, the device performs the normal reset sequence and begins program
execution at address 0x0000.

If enabled, the Missing Clock Detector will cause an internal reset and thereby terminate the stop mode. The
Missing Clock Detector should be disabled if the CPU is to be put to in STOP mode for longer than the MCD
timeout.

13.2. LDO Regulator

CB8051F85x/86x devices include an internal regulator that regulates the internal core and logic supply. Under
default conditions, the internal regulator will remain on when the device enters STOP mode. This allows any
enabled reset source to generate a reset for the device and bring the device out of STOP mode. For additional
power savings, the STOPCF bit can be used to shut down the regulator and the internal power network of the
device when the part enters STOP mode. When STOPCEF is set to 1, the RST pin and a full power cycle of the
device are the only methods of generating a reset.

13.3. Power Control Registers

Register 13.1. PCON: Power Control

Bit 7 6 5 4 3 2 1 0
Name GF STOP IDLE
Type RwW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Address: 0x87

Table 13.1. PCON Register Bit Descriptions

Bit Name Function
7:2 GF General Purpose Flags 5-0.
These are general purpose flags for use under software control.
1 STOP Stop Mode Select.
Setting this bit will place the CIP-51 in Stop mode. This bit will always be read as O.
0 IDLE Idle Mode Select.
Setting this bit will place the CIP-51 in Idle mode. This bit will always be read as 0.
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13.4. LDO Control Registers

Register 13.2. REGOCN: Voltage Regulator Control

Bit 7 6 5 4 3 1 0
Name Reserved STOPCF Reserved
Type R RwW R
Reset 0 0 0 0 0 0 0

SFR Address: 0xC9

Table 13.2. REGOCN Register Bit Descriptions

Bit Name Function
74 Reserved | Must write reset value.
3 STOPCF |Stop Mode Configuration.
This bit configures the regulator's behavior when the device enters stop mode.
0: Regulator is still active in stop mode. Any enabled reset source will reset the device.
1: Regulator is shut down in stop mode. Only the RST pin or power cycle can reset the
device.
2.0 Reserved | Must write reset value.
- e
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14. Analog-to-Digital Converter (ADCO)

The ADC is a successive-approximation-register (SAR) ADC with 12, 10, and 8-bit modes, integrated track-and-
hold and a programmable window detector. These different modes allow the user to trade off speed for resolution.
ADCO also has an autonomous low power burst mode which can automatically enable ADCO, capture and
accumulate samples, then place ADCO in a low power shutdown mode without CPU intervention. It also has a 16-
bit accumulator that can automatically oversample and average the ADC results.

The ADC is fully configurable under software control via several registers. The ADCO operates in single-ended
mode and may be configured to measure different signals using the analog multiplexer. The voltage reference for
the ADC is selectable between internal and external reference sources.

ADCO
Input
Selection S
Shh Control Thon | | “Than
PO Pins (8) i Configuration 7 T
- ADWINT
i | Window Compare I_>(Window Interrupt)
P1 Pins (8) *
0.5x — 1x SAR Analog to |
VDD ] gain ] Digital Converter BT ADCO I__>
GND A ADINT
Internal LDO > (Interrupt Flag)
Temp [ |
Sensor <€<— ADBUSY (On Demand)
«— Timer 0 Overflow
185V/ «— Timer 2 Overflow
2.4V )
| Reference <«— Timer 3 Overflow
Internal LDO ;\l «€— CNVSTR (External Pin)
VDD Trigger
VREF Reference Selection
Selection
Device Ground \|
AGND /
| Clock SAR clock
SYSCLK "1 Divider

Figure 14.1. ADCO Functional Block Diagram
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14.1. ADCO Analog Multiplexer

ADCO on C8051F85x/86x has an analog multiplexer capable of selecting any pin on ports PO and P1 (up to 16
total), the on-chip temperature sensor, the internal regulated supply, the VDD supply, or GND. ADCO input
channels are selected using the ADCOMX register.

Table 14.1. ADCO Input Multiplexer Channels

ADCOMX setting Signal Name QSOP24 Pin Name QFN20 Pin Name SOIC16 Pin Name
00000 ADCO0.0 P0.0 P0.0 P0.0
00001 ADCO0.1 PO.1 PO.1 PO.1
00010 ADCO0.2 P0.2 P0.2 P0.2
00011 ADCO.3 P0.3 P0.3 P0.3
00100 ADCO0.4 P0.4 P0.4 P0.4
00101 ADCO0.5 P0.5 PO.5 PO.5
00110 ADCO.6 P0.6 P0.6 P0.6
00111 ADCO0.7 P0.7 PO.7 PO.7
01000 ADCO0.8 P1.0 P1.0 P1.0
01001 ADCO0.9 P1.1 P1.1 P1.1
01010 ADCO0.10 P1.2 P1.2 P1.2
01011 ADCO0.11 P1.3 P1.3 P1.3
01100 ADCO0.12 P1.4 P1.4 Reserved
01101 ADCO0.13 P1.5 P1.5 Reserved
01110 ADCO0.14 P1.6 P1.6 Reserved
01111 ADCO0.15 P1.7 Reserved Reserved
10000 Temp Sensor Internal Temperature Sensor
10001 LDO Internal 1.8 V LDO Output
10010 VDD VDD Supply Pin
10011 GND GND Supply Pin

10100-11111 None No connection

Important note about ADCO input configuration: Port pins selected as ADCO inputs should be configured as analog
inputs, and should be skipped by the crossbar. To configure a Port pin for analog input, set to 0 the corresponding
bit in register PnMDIN and disable the digital driver (PNnMDOUT = 0 and Port Latch = 1). To force the crossbar to
skip a Port pin, set to 1 the corresponding bit in register PnSKIP.
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14.2. ADC Operation

The ADC is clocked by an adjustable conversion clock (SARCLK). SARCLK is a divided version of the selected
system clock when burst mode is disabled (ADBMEN = 0), or a divided version of the high-frequency oscillator
when burst mode is enabled (ADBMEN = 1). The clock divide value is determined by the ADSC bits in the ADCOCF
register. In most applications, SARCLK should be adjusted to operate as fast as possible, without exceeding the
maximum electrical specifications. The SARCLK does not directly determine sampling times or sampling rates.

14.2.1. Starting a Conversion

A conversion can be initiated in many ways, depending on the programmed states of the ADCO Start of Conversion
Mode field (ADCM) in register ADCOCNO. Conversions may be initiated by one of the following:

1. Writing a 1 to the ADBUSY bit of register ADCOCNO (software-triggered)
2. Atimer overflow (see the ADCOCNO register and the timer section for timer options)
3. Arising edge on the CNVSTR input signal (external pin-triggered)

Writing a 1 to ADBUSY provides software control of ADCO whereby conversions are performed "on-demand”. All
other trigger sources occur autonomous to code execution. When the conversion is complete, the ADC posts the
result to its output register and sets the ADC interrupt flag (ADINT). ADINT may be used to trigger a system
interrupts, if enabled, or polled by firmware.

During conversion, the ADBUSY bit is set to logic 1 and reset to logic 0 when the conversion is complete. However,
when polling for ADC conversion completions, the ADCO interrupt flag (ADINT) should be used instead of the
ADBUSY bit. Converted data is available in the ADCO data registers, ADCOH:ADCOL, when the conversion is
complete.

Important Note About Using CNVSTR: When the CNVSTR input is used as the ADCO conversion source, the
associated port pin should be skipped in the crossbar settings.

14.2.2. Tracking Modes

Each ADCO conversion must be preceded by a minimum tracking time in order for the converted result to be
accurate. The minimum tracking time is given in the electrical specifications tables. The ADTM bit in register
ADCOCNO controls the ADCO track-and-hold mode. In its default state when Burst Mode is disabled, the ADCO
input is continuously tracked, except when a conversion is in progress. A conversion will begin immediately when
the start-of-conversion trigger occurs.

When the ADTM bit is logic 1, each conversion is preceded by a tracking period of 4 SAR clocks (after the start-of-
conversion signal) for any internal (non-CNVSTR) conversion trigger source. When the CNVSTR signal is used to
initiate conversions with ADTM set to 1, ADCO tracks only when CNVSTR is low; conversion begins on the rising
edge of CNVSTR (see Figure 14.2). Setting ADTM to 1 is primarily useful when AMUX settings are frequently
changed and conversions are started using the ADBUSY bit.
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A. ADCO Timing for External Trigger Source

CNVSTR

1 23 45 6 7 8 91011121314

SAR Clocks |

ADTM=1 | LOW Power | o ook Convert Low Power
or Convert Mode
ADTM=0 Track or Convert Convert Track

B. ADCO Timing for Internal Trigger Source

Write '1' to ADBUSY, 5
Timer Overflow

1 2 3 45 6 7 8 9 10111213 14 1516 17 18

e [ TINNMN U AN
Clocks

Low Power

or Convert

ADTM=1 Track Convert Low Power Mode

12 3 45 6 7 8 91011121314

oo L UM
Clocks

Track or

ADTM=0 Convert Convert Track

Figure 14.2. 10-Bit ADC Track and Conversion Example Timing (ADBMEN = 0)

14.2.3. Burst Mode

Burst Mode is a power saving feature that allows ADCO to remain in a low power state between conversions. When
Burst Mode is enabled, ADCO wakes from a low power state, accumulates 1, 4, 8, 16, 32, or 64 samples using the
internal low-power high-frequency oscillator, then re-enters a low power state. Since the Burst Mode clock is
independent of the system clock, ADCO can perform multiple conversions then enter a low power state within a
single system clock cycle, even if the system clock is slow (e.g. 80 kHz).

Burst Mode is enabled by setting ADBMEN to logic 1. When in Burst Mode, ADEN controls the ADCO idle power
state (i.e. the state ADCO enters when not tracking or performing conversions). If ADEN is set to logic 0, ADCO is
powered down after each burst. If ADEN is set to logic 1, ADCO remains enabled after each burst. On each convert
start signal, ADCO is awakened from its Idle Power State. If ADCO is powered down, it will automatically power up
and wait the programmable Power-Up Time controlled by the ADPWR bits. Otherwise, ADCO will start tracking and
converting immediately. Figure 14.3 shows an example of Burst Mode Operation with a slow system clock and a
repeat count of 4.

When Burst Mode is enabled, a single convert start will initiate a number of conversions equal to the repeat count.
When Burst Mode is disabled, a convert start is required to initiate each conversion. In both modes, the ADCO End
of Conversion Interrupt Flag (ADINT) will be set after “repeat count” conversions have been accumulated. Similarly,
the Window Comparator will not compare the result to the greater-than and less-than registers until “repeat count”
conversions have been accumulated.

In Burst Mode, tracking is determined by the settings in ADPWR and ADTK. Settling time requirements may need
adjustment in some applications. Refer to “14.2.4. Settling Time Requirements” on page 83 for more details.
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Notes:

m Setting ADTM to 1 will insert an additional 4 SAR clocks of tracking before each conversion, regardless of
the settings of ADPWR and ADTK.

m  When using Burst Mode, care must be taken to issue a convert start signal no faster than once every four

SYSCLK periods. This includes external convert start signals. The ADC will ignore convert start signals
which arrive before a burst is finished.

System Clock

Convert Start

_—

ADTM =1 Powered Power-Up clt T c Powered Power-Up

ADEN =0 Down and Track 4 Down and Track

ADTM =0 Powered Power-Up cltlec Powered Power-Up

ADEN =0 Down and Track Down and Track
< ADPWR > € ADTK

T = Tracking set by ADTK
T4 = Tracking set by ADTM (4 SAR clocks)
C = Converting

Figure 14.3. Burst Mode Tracking Example with Repeat Count Set to 4

14.2.4. Settling Time Requirements

A minimum amount of tracking time is required before each conversion can be performed, to allow the sampling
capacitor voltage to settle. This tracking time is determined by the AMUXO resistance, the ADCO sampling
capacitance, any external source resistance, and the accuracy required for the conversion. Note that when ADTM
is set to 1, four SAR clocks are used for tracking at the start of every conversion. Large external source impedance
will increase the required tracking time.

Figure 14.4 shows the equivalent ADCO input circuit. The required ADCO settling time for a given settling accuracy
(SA) may be approximated by Equation 14.1. When measuring any internal source, Rtgta. reduces to Ryyx. See
the electrical specification tables for ADCO minimum settling time requirements as well as the mux impedance and
sampling capacitor values.

2n
t= In(S_A) X RrotaLCsampLE

Equation 14.1. 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)
t is the required settling time in seconds
RroTaL is the sum of the AMUXO resistance and any external source resistance.
n is the ADC resolution in bits (8/10/12).
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MUX Select

!

Pox Xp—o e AAN——

Rmux

— CSAMPLE

RCinput= Rmux * CsampLE -

Note: The value of CSAMPLE depends on the PGA Gain. See electrical specifications for details.

Figure 14.4. ADCO Equivalent Input Circuits

14.2.5. Gain Setting

The ADC has gain settings of 1x and 0.5x. In 1x mode, the full scale reading of the ADC is determined directly by
VREF. In 0.5x mode, the full-scale reading of the ADC occurs when the input voltage is VREF x 2. The 0.5x gain
setting can be useful to obtain a higher input Voltage range when using a small VREF voltage, or to measure input
voltages that are between VREF and VDD. Gain settings for the ADC are controlled by the ADGN bit in register
ADCOCF. Note that even with a gain setting of 0.5, voltages above the supply rail cannot be measured directly by
the ADC.

14.3. 8-Bit Mode

Setting the ADCO8BE bit in register ADCOCF to 1 will put the ADC in 8-bit mode.In 8-bit mode, only the 8 MSBs of
data are converted, allowing the conversion to be completed in fewer SAR clock cycles than a 10-bit conversion.
The two LSBs of a conversion are always 00 in this mode, and the ADCOL register will always read back 0x00.

14.4. 12-Bit Mode

When configured for 12-bit conversions, the ADC performs four 10-bit conversions using four different reference
voltages and combines the results into a single 12-bit value. Unlike simple averaging techniques, this method
provides true 12-bit resolution of AC or DC input signals without depending on noise to provide dithering. The
converter also employs a hardware dynamic element matching algorithm that reconfigures the largest elements of
the internal DAC for each of the four 10-bit conversions. This reconfiguration cancels any matching errors and
enables the converter to achieve 12-bit linearity performance to go along with its 12-bit resolution.

The 12-bit mode is enabled by setting the AD12BE bit in register ADCOAC to logic 1 and configuring the ADC in
burst mode (ADBMEN = 1) for four or more conversions. The conversion can be initiated using any of the
conversion start sources, and the 12-bit result will appear in the ADCOH and ADCOL registers. Since the 12-bit
result is formed from a combination of four 10-bit results, the maximum output value is 4 x (1023) = 4092, rather
than the max value of (2212 — 1) = 4095 that is produced by a traditional 12-bit converter. To further increase
resolution, the burst mode repeat value may be configured to any multiple of four conversions. For example, if a
repeat value of 16 is selected, the ADCO output will be a 14-bit number (sum of four 12-bit numbers) with 13
effective bits of resolution.

The AD12SM bit in register ADCOTK controls when the ADC will track and sample the input signal. When AD12SM
is set to 1, the selected input signal will be tracked before the first conversion of a set and held internally during all
four conversions. When AD12SM is cleared to 0, the ADC will track and sample the selected input before each of
the four conversions in a set. When maximum throughput (180-200 ksps) is needed, it is recommended that
AD12SM be set to 1 and ADTK to 0x3F, and that the ADC be placed in always-on mode (ADEN = 1). For sample
rates under 180 ksps, or when accumulating multiple samples, AD12SM should normally be cleared to 0, and
ADTK should be configured to provide the appropriate settling time for the subsequent conversions.
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14.5. Power Considerations

The ADC has several power-saving features which can help the user optimize power consumption according to the
needs of the application. The most efficient way to use the ADC for slower sample rates is by using burst mode.
Burst mode dynamically controls power to the ADC and (if used) the internal voltage reference. By completely
powering off these circuits when the ADC is not tracking or converting, the average supply current required for
lower sampling rates is reduced significantly.

The ADC also provides low power options that allow reduction in operating current when operating at low SAR
clock frequencies or with longer tracking times. The internal common-mode buffer can be configured for low power
mode by setting the ADLPM bit in ADCOPWR to 1. Two other fields in the ADCOPWR register (ADBIAS and
ADMXLP) may be used together to adjust the power consumed by the ADC and its multiplexer and reference
buffers, respectively. In general, these options are used together, when operating with a SAR conversion clock
frequency of 4 MHz.

Table 14.2. ADCO Optimal Power Configuration (8 and 10-bit Mode)

Required Reference Source | Mode Configuration | SAR Clock Speed | Other Register Field
Throughput Settings
Always-On 12.95 MHz ADCOPWR = 0x40
325-800 ksps Any (ADEN =1 (AbSC - 1) ADCOTK = N/A
ADBMEN = 0) ADRPT =0
Burst Mode 12,95 MHz ADCOPWR = 0x44
0-325 ksps External (ADEN =0 (AbSC - 1) ADCOTK = 0x3A
ADBMEN = 1) ADRPT =0
Burst Mode 12.95 MHz ADCOPWR = 0x44
250-325 ksps Internal (ADEN =0 (AbSC - 1) ADCOTK = 0x3A
ADBMEN = 1) ADRPT =0
Always-On 4.08 MHz ADCOPWR = 0xFO
200-250 ksps Internal (ADEN =1 (AbSC - 5) ADCOTK = N/A
ADBMEN = 0) ADRPT =0
Burst Mode 4.08 MHz ADCOPWR = OxF4
0-200 ksps Internal (ADEN =0 (AbSC - 5) ADCOTK = 0x34
ADBMEN = 1) ADRPT =0
Notes:
1. For always-on configuration, ADSC settings assume SYSCLK is the internal 24.5 MHz high-frequency oscillator.
Adjust ADSC as needed if using a different source for SYSCLK.
2. ADRPT reflects the minimum setting for this bit field. When using the ADC in Burst Mode, up to 64 samples may be
auto-accumulated per conversion start by adjusting ADRPT.
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Table 14.3. ADCO Optimal Power Configuration (12-bit Mode)

Required Reference Source | Mode Configuration | SAR Clock Speed | Other Register Field
Throughput Settings
Always-On +
ADCOPWR = 0x40
180-200 ksps Any Burst Mode 12.25 MHz ADCOTK = OxBF
(ADEN =1 (ADSC =1) ADRPT = 1
ADBMEN = 1) -
Always-On +
ADCOPWR = 0x40
125-180 ksps Any Burst Mode 12.25 MHz ADCOTK = 0x3A
(ADEN =1 (ADSC =1) ADRPT = 1
ADBMEN = 1) -
Burst Mode 12 25 MHz ADCOPWR = 0x44
0-125 ksps External (ADEN =0 (ADSC = 1) ADCOTK = 0x3A
ADBMEN = 1) - ADRPT =1
Burst Mode 12 25 MHz ADCOPWR = 0x44
50-125 ksps Internal (ADEN =0 (ADSC = 1) ADCOTK = 0x3A
ADBMEN = 1) - ADRPT =1
Burst Mode 4.08 MHz ADCOPWR = 0xF4
0-50 ksps Internal (ADEN =0 (ADSC = 5) ADCOTK = 0x34
ADBMEN = 1) - ADRPT =1
Notes:
1. ADRPT reflects the minimum setting for this bit field. When using the ADC in Burst Mode, up to 64 samples may be
auto-accumulated per conversion trigger by adjusting ADRPT.

For applications where burst mode is used to automatically accumulate multiple results, additional supply current
savings can be realized. The length of time the ADC is active during each burst contains power-up time at the
beginning of the burst as well as the conversion time required for each conversion in the burst. The power-on time
is only required at the beginning of each burst. When compared with single-sample bursts to collect the same
number of conversions, multi-sample bursts will consume significantly less power. For example, performing an
eight-cycle burst of 10-bt conversions consumes about 61% of the power required to perform those same eight
samples in single-cycle bursts. For 12-bit conversions, an eight-cycle burst results in about 85% of the equivalent
single-cycle bursts. Figure 14.5 shows this relationship for the different burst cycle lengths.

See the Electrical Characteristics chapter for details on power consumption and the maximum clock frequencies
allowed in each mode.
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100% 100%

©
@
=

©
Q
xR

96%

o
@
x

94%

%
3
X

92%
90%

88%

86% \0\‘

=
5]
X

@
&
X

@
3
xR

\0—@

1 2 4 8 16 32 64 1 2 4 8 16
Number of Cycles Accumulated in Burst Number of Cycles Accumulated in Burst

Average Current Compared to Single-Cycle
Average Current Compared to Single-Cycle

v
Q
x
©
Q
B

Figure 14.5. Burst Mode Accumulation Power Savings

14.6. Output Code Formatting

The registers ADCOH and ADCOL contain the high and low bytes of the output conversion code from the ADC at
the completion of each conversion. Data can be right-justified or left-justified, depending on the setting of the
ADSJST field. When the repeat count is set to 1 in 10-bit mode, conversion codes are represented as 10-bit
unsigned integers. Inputs are measured from 0 to VREF x 1023/1024. Example codes are shown below for both
right-justified and left-justified data. Unused bits in the ADCOH and ADCOL registers are set to O.

Input Voltage Right-Justified Left-Justified
ADCOH:ADCOL (ADSJST = 000) ADCOH:ADCOL (ADSJST = 100)
VREF x 1023/1024 Ox03FF OxFFCO
VREF x 512/1024 0x0200 0x8000
VREF x 256/1024 0x0100 0x4000
0 0x0000 0x0000

When the repeat count is greater than 1, the output conversion code represents the accumulated result of the
conversions performed and is updated after the last conversion in the series is finished. Sets of 4, 8, 16, 32, or 64
consecutive samples can be accumulated and represented in unsigned integer format. The repeat count can be
selected using the ADRPT bits in the ADCOAC register. When a repeat count higher than 1, the ADC output must
be right-justified (ADSJST = 0xx); unused bits in the ADCOH and ADCOL registers are set to 0. The example below
shows the right-justified result for various input voltages and repeat counts. Notice that accumulating 2" samples is
equivalent to left-shifting by n bit positions when all samples returned from the ADC have the same value.

Input Voltage Repeat Count =4 Repeat Count = 16 Repeat Count = 64
Vgeg X 1023/1024 | OXOFFC O0x3FF0 OxFFCO
Vger X 512/1024 0x0800 0x2000 0x8000
VReg X 511/1024 0x07FC Ox1FFO0 0x7FCO
0 0x0000 0x0000 0x0000

The ADSJST bits can be used to format the contents of the 16-bit accumulator. The accumulated result can be
shifted right by 1, 2, or 3 bit positions. Based on the principles of oversampling and averaging, the effective ADC
resolution increases by 1 bit each time the oversampling rate is increased by a factor of 4. The example below
shows how to increase the effective ADC resolution by 1, 2, and 3 bits to obtain an effective ADC resolution of 11-
bit, 12-bit, or 13-bit respectively without CPU intervention.
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Input Voltage Repeat Count =4 Repeat Count = 16 Repeat Count = 64
Shift Right =1 Shift Right =2 Shift Right =3
11-Bit Result 12-Bit Result 13-Bit Result

Vgreg X 1023/1024 | Ox07F7 OXOFFC Ox1FF8

VReg X 512/1024 0x0400 0x0800 0x1000

VRreg X 511/1024 0x03FE 0x04FC OxOFF8

0 0x0000 0x0000 0x0000

14.7. Programmable Window Detector

The ADC Programmable Window Detector continuously compares the ADCO output registers to user-programmed
limits, and notifies the system when a desired 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 (ADWINT in register ADCOCNO) can also be used in polled mode. The ADCO Greater-Than
(ADCOGTH, ADCOGTL) and Less-Than (ADCOLTH, ADCOLTL) registers hold the comparison values. The window
detector flag can be programmed to indicate when measured data is inside or outside of the user-programmed
limits, depending on the contents of the ADCO Less-Than and ADCO Greater-Than registers.

14.7.1. Window Detector In Single-Ended Mode

Figure 14.6 shows two example window comparisons for right-justified data, with ADCOLTH:ADCOLTL = 0x0080
(128d) and ADCOGTH:ADCOGTL = 0x0040 (64d). The input voltage can range from 0 to VREF x (1023/1024) with
respect to GND, and is represented by a 10-bit unsigned integer value. In the left example, an ADWINT interrupt
will be generated if the ADCO conversion word (ADCOH:ADCOL) is within the range defined by
ADCOGTH:ADCOGTL and ADCOLTH:ADCOLTL (if 0x0040 < ADCOH:ADCOL < 0x0080). In the right example, and
ADWINT interrupt will be generated if the ADCO conversion word is outside of the range defined by the ADCOGT
and ADCOLT registers (if ADCOH:ADCOL < 0x0040 or ADCOH:ADCOL > 0x0080). Figure 14.7 shows an example
using left-justified data with the same comparison values.

| ADCOH:ADCOL |

| ADCOH:ADCOL |

A

Input Voltage A Input Voltage
(Px.x - GND) (Px.x - GND)
VREF x (1023/ OX03FF VREF x (1023/ OX03FF
1024) 1024)
ADWINT _ _
not affected > ADWINT=1
0x0081 0x0081
VREF x (128/1024) 0x0080  |@——] ADCOLTH:ADCOLTL | VREF x (128/1024) 0x0080  |#—] ADCOGTH:ADCOGTL |
0X007F OX007F
4 - AOWINT1 AOWINT
0x0041 j 0x0041
VREF x (64/1024) 0x0040  |#——] ADCOGTH:ADCOGTL | VREF x (64/1024) 0x0040  |[4—] ADCOLTH:ADCOLTL |
0X003F 0X003F I
ADWINT » ADWINT=1
not affected
0 0Xx0000 0 0Xx0000

Figure 14.6. ADC Window Compare Example: Right-Justified Single-Ended Data
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ADCOH:ADCOL ADCOH:ADCOL |
Input Voltage | Input Voltage
(Px.x - GND) (Px.x - GND)
VREF x (1023/ OXFFCO VREF x (1023/
1024) 1024)
ADWINT _ _
not affected > ADWINT=1
0x2040
VREF x (128/1024) | 0x2000 |«—] ADCOLTH:ADCOLTL | VREF x (128/1024) |  0x2000 |«—] ADCOGTH:ADCOGTL |
""""""""""""""""""""""" 0x1FCO
4 - ADWINT-L AowINT
_____________________________________________ i 0x1040
VREF x (64/1024) 0x1000 |«— ADCOGTH:ADCOGTL | VREF x (64/1024) 0x1000  |&— ADCOLTH:ADCOLTL |
0XOFCO I
ADWINT » ADWINT=1
not affected
0 0X0000

Figure 14.7. ADC Window Compare Example: Left-Justified Single-Ended Data
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14.8. Voltage and Ground Reference Options

The voltage reference multiplexer is configurable to use an externally connected voltage reference, the internal
voltage reference, or one of two power supply voltages. The ground reference mux allows the ground reference for
ADCO to be selected between the ground pin (GND) or a port pin dedicated to analog ground (AGND).

The voltage and ground reference options are configured using the REFOCN register.

Important Note About the VREF and AGND Inputs: Port pins are used as the external VREF and AGND inputs.
When using an external voltage reference, VREF should be configured as an analog input and skipped by the
digital crossbar. When using AGND as the ground reference to ADCO, AGND should be configured as an analog
input and skipped by the Digital Crossbar.

14.8.1. External Voltage Reference

To use an external voltage reference, REFSL should be set to 00. Bypass capacitors should be added as
recommended by the manufacturer of the external voltage reference. If the manufacturer does not provide
recommendations, a 4.7uF in parallel with a 0.1uF capacitor is recommended.

14.8.2. Internal Voltage Reference

For applications requiring the maximum number of port I/O pins, or very short VREF turn-on time, the high-speed
reference will be the best internal reference option to choose. The internal reference is selected by setting REFSL
to 11. When selected, the internal reference will be automatically enabled/disabled on an as-needed basis by the
ADC. The reference can be set to one of two voltage values: 1.65V or 2.4V, depending on the value of the
IREFLVL bit.

For applications with a non-varying power supply voltage, using the power supply as the voltage reference can
provide the ADC with added dynamic range at the cost of reduced power supply noise rejection. To use the
external supply pin (VDD) or the 1.8 V regulated digital supply voltage as the reference source, REFSL should be
set to 01 or 10, respectively.

Internal reference sources are not routed to the VREF pin, and do not require external capacitors. The electrical
specifications tables detail SAR clock and throughput limitations for each reference source.

14.8.3. Analog Ground Reference

To prevent ground noise generated by switching digital logic from affecting sensitive analog measurements, a
separate analog ground reference option is available. When enabled, the ground reference for the ADC during
both the tracking/sampling and the conversion periods is taken from the AGND pin. Any external sensors sampled
by the ADC should be referenced to the AGND pin. If an external voltage reference is used, the AGND pin should
be connected to the ground of the external reference and its associated decoupling capacitor. The separate analog
ground reference option is enabled by setting GNDSL to 1. Note that when sampling the internal temperature
sensor, the internal chip ground is always used for the sampling operation, regardless of the setting of the GNDSL
bit. Similarly, whenever the internal 1.65 V high-speed reference is selected, the internal chip ground is always
used during the conversion period, regardless of the setting of the GNDSL bit.

. &
90 Preliminary Rev 0.7 @

SILICON LABS



C8051F85x/86x

14.9. Temperature Sensor

An on-chip temperature sensor is included, which can be directly accessed via the ADC multiplexer in single-ended
configuration. To use the ADC to measure the temperature sensor, the ADC mux channel should select the
temperature sensor. The temperature sensor transfer function is shown in Figure 14.8. The output voltage (Vtgmp)
is the positive ADC input when the ADC multiplexer is set correctly. The TEMPE bit in register REFOCN enables/
disables the temperature sensor. While disabled, the temperature sensor defaults to a high impedance state and
any ADC measurements performed on the sensor will result in meaningless data. Refer to the electrical
specification tables for the slope and offset parameters of the temperature sensor.

Viemp = (Slope x Tempc) + Offset

-
o
.
-
P
-

Tempc = (Vewp - Offset) / Slope

.:I Slope (V / deg C)

A

Offset (V at 0 Celsius)

Voltage
L ]

Temperature
Figure 14.8. Temperature Sensor Transfer Function

14.9.1. Calibration

The uncalibrated temperature sensor output is extremely linear and suitable for relative temperature
measurements. For absolute temperature measurements, offset and/or gain calibration is recommended. Typically
a 1-point (offset) calibration includes the following steps:

1. Control/measure the ambient temperature (this temperature must be known).

2. Power the device, and delay for a few seconds to allow for self-heating.

3. Perform an ADC conversion with the temperature sensor selected as the ADC input.
4

. Calculate the offset characteristics, and store this value in non-volatile memory for use with subsequent
temperature sensor measurements.
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14.10. ADC Control Registers

Register 14.1. ADCOCNO: ADCO Control 0

Bit 7 6 5 4 3 2 1 0
Name ADEN ADBMEN ADINT ADBUSY | ADWINT ADCM
Type RwW RwW RwW RW RW RwW
Reset 0 0 0 0 0 0 0 0

SFR Address: OXE8 (bit-addressable)

Table 14.4. ADCOCNO Register Bit Descriptions

Bit

Name

Function

ADEN

Enable.

0: ADCO Disabled (low-power shutdown).
1: ADCO Enabled (active and ready for data conversions).

ADBMEN

Burst Mode Enable.

0: ADCO Burst Mode Disabled.
1: ADCO Burst Mode Enabled.

ADINT

Conversion Complete Interrupt Flag.

Set by hardware upon completion of a data conversion (ADBMEN=0), or a burst of con-
versions (ADBMEN=1). Can trigger an interrupt. Must be cleared by software.

ADBUSY

ADC Busy.

Writing 1 to this bit initiates an ADC conversion when ADCOCM = 000. This bit should not
be polled to indicate when a conversion is complete. Instead, the ADINT bit should be
used when polling for conversion completion.

ADWINT

Window Compare Interrupt Flag.

Set by hardware when the contents of ADCOH:ADCOL fall within the window specified by
ADCOGTH:ADCOGTL and ADCOLTH:ADCOLTL. Can trigger an interrupt. Must be
cleared by software.

2:0

ADCM

Start of Conversion Mode Select.

Specifies the ADCO start of conversion source. All remaining bit combinations are
reserved.

000: ADCO conversion initiated on write of 1 to ADBUSY.

001: ADCO conversion initiated on overflow of Timer 0.

010: ADCO conversion initiated on overflow of Timer 2.

011: ADCO conversion initiated on overflow of Timer 3.

100: ADCO conversion initiated on rising edge of CNVSTR.

101-111: Reserved.
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Register 14.2. ADCOCNL1: ADCO Control 1

Bit 7 6 5 4 3 2 1 0
Name Reserved ADCMBE
Type R RW
Reset 0 0 0 0 0 0 0 0

SFR Address: 0xB2

Table 14.5. ADCOCNL1 Register Bit Descriptions

Bit Name Function
7:1 Reserved |Must write reset value.
0 ADCMBE |Common Mode Buffer Enable.

0: Disable the common mode buffer. This setting should be used only if the tracking time
of the signal is greater than 1.5 us.

1: Enable the common mode buffer. This setting should be used in most cases, and will
give the best dynamic ADC performance. The common mode buffer must be enabled if
signal tracking time is less than or equal to 1.5 us.
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Register 14.3. ADCOCF: ADCO Configuration

Bit 7 6 5 4 3 2 1 0
Name ADSC ADSBE ADTM ADGN
Type RW RW RW RW
Reset 1 1 1 1 1 0 0 0

SFR Address: OxBC

Table 14.6. ADCOCF Register Bit Descriptions

Bit Name Function
7:3 ADSC SAR Clock Divider.
This field sets the ADC clock divider value. It should be configured to be as close to the
maximum SAR clock speed as the datasheet will allow. The SAR clock frequency is
given by the following equation:
F _ FADCCLK
CLKSAR — ADSC + 1
FapbccLk Is equal to the selected SYSCLK when ADBMEN is 0 and the high-frequency
oscillator when ADBMEN is 1.
2 ADSBE 8-Bit Mode Enable.
0: ADCO operates in 10-bit or 12-bit mode (normal operation).
1: ADCO operates in 8-bit mode.
1 ADTM Track Mode.
Selects between Normal or Delayed Tracking Modes.
0: Normal Track Mode. When ADCO is enabled, conversion begins immediately following
the start-of-conversion signal.
1: Delayed Track Mode. When ADCO is enabled, conversion begins 4 SAR clock cycles
following the start-of-conversion signal. The ADC is allowed to track during this time.
0 ADGN Gain Control.
0: The on-chip PGA gain is 0.5.
1: The on-chip PGA gain is 1.
. L4
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Register 14.4. ADCOAC: ADCO Accumulator Configuration

Bit 7 6 5 4 3 2 1 0
Name | AD12BE ADAE ADSJST ADRPT
Type RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Address: 0xB3

Table 14.7. ADCOAC Register Bit Descriptions

Bit

Name

Function

AD12BE

12-Bit Mode Enable.

Enables 12-bit Mode. In 12-bit mode, the ADC throughput is reduced by a factor of 4.
0: 12-bit Mode Disabled.

1: 12-bit Mode Enabled.

ADAE

Accumulate Enable.

Enables multiple conversions to be accumulated when burst mode is disabled.

0: ADCOH:ADCOL contain the result of the latest conversion when Burst Mode is dis-
abled.

1: ADCOH:ADCOL contain the accumulated conversion results when Burst Mode is dis-
abled. Software must write 0x0000 to ADCOH:ADCOL to clear the accumulated result.

5:3

ADSJST

Accumulator Shift and Justify.

Specifies the format of data read from ADCOH:ADCOL. All remaining bit combinations
are reserved.

000: Right justified. No shifting applied.

001: Right justified. Shifted right by 1 bit.

010: Right justified. Shifted right by 2 bits.

011: Right justified. Shifted right by 3 bits.

100: Left justified. No shifting applied.

101-111: Reserved.

2.0

ADRPT

Repeat Count.

Selects the number of conversions to perform and accumulate in Burst Mode. This bit
field must be set to 000 if Burst Mode is disabled.

000: Perform and Accumulate 1 conversion (not used in 12-bit mode).

001: Perform and Accumulate 4 conversions (1 conversion in 12-bit mode).

010: Perform and Accumulate 8 conversions (2 conversions in 12-bit mode).

011: Perform and Accumulate 16 conversions (4 conversions in 12-bit mode).

100: Perform and Accumulate 32 conversions (8 conversions in 12-bit mode).

101: Perform and Accumulate 64 conversions (16 conversions in 12-bit mode).
110-111: Reserved.
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Register 14.5. ADCOPWR: ADCO Power Control

Bit 7 6 5 4 3 2 1 0
Name ADBIAS ADMXLP ADLPM ADPWR
Type RW RW RW RW
Reset 0 0 0 0 1 1 1 1

SFR Address: OxDF

Table 14.8. ADCOPWR Register Bit Descriptions

Bit

Name

Function

7:6

ADBIAS

Bias Power Select.

This field can be used to adjust the ADC's power consumption based on the conversion
speed. Higher bias currents allow for faster conversion times.

00: Select bias current mode 0. Recommended to use modes 1, 2, or 3.

01: Select bias current mode 1 (SARCLK <= 16 MHz).

10: Select bias current mode 2.

11: Select bias current mode 3 (SARCLK <=4 MHz).

ADMXLP

Mux and Reference Low Power Mode Enable.

Enables low power mode operation for the multiplexer and voltage reference buffers.
0: Low power mode disabled.
1: Low power mode enabled (SAR clock < 4 MHz).

ADLPM

Low Power Mode Enable.

This bit can be used to reduce power to the ADC's internal common mode buffer. It can
be set to 1 to reduce power when tracking times in the application are longer (slower
sample rates).

0: Disable low power mode.

1: Enable low power mode (requires extended tracking time).

3.0

ADPWR

Burst Mode Power Up Time.

This field sets the time delay allowed for the ADC to power up from a low power state.
When ADTM is set, an additional 4 SARCLKSs are added to this time.

_ 8x ADPWR

TPWRTIME E
HFOSC
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Register 14.6. ADCOTK: ADCO Burst Mode Track Time

Bit 7 6 5 4 3 2 1 0
Name | AD12SM | Reserved ADTK
Type RwW RwW RW
Reset 0 0 0 1 1 1 1 0

SFR Address: 0xB9

Table 14.9. ADCOTK Register Bit Descriptions

Bit

Name

Function

AD12SM

12-Bit Sampling Mode.

This bit controls the way that the ADC samples the input when in 12-bit mode. When the
ADC is configured for multiple 12-bit conversions in burst mode, the AD12SM bit should
be cleared to 0.

0: The ADC will re-track and sample the input four times during a 12-bit conversion.

1: The ADC will sample the input once at the beginning of each 12-bit conversion. The
ADTK field can be set to 63 to maximize throughput.

Reserved

Must write reset value.

5:0

ADTK

Burst Mode Tracking Time.

This field sets the time delay between consecutive conversions performed in Burst
Mode. When ADTM is set, an additional 4 SARCLKs are added to this time.

T _ 64-ADTK
BMTK Firosc

The Burst Mode track delay is not inserted prior to the first conversion. The required
tracking time for the first conversion should be defined with the ADPWR field.
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Register 14.7. ADCOH: ADCO Data Word High Byte

Bit 7 6 5 4 3 2
Name ADCOH
Type RW
Reset 0 0 0 0 0 0

SFR Address: OxBE

Table 14.10. ADCOH Register Bit Descriptions

Bit

Name

Function

7:0

ADCOH

Data Word High Byte.

When read, this register returns the most significant byte of the 16-bit ADCO accumula-
tor, formatted according to the settings in ADSJST. The register may also be written, to

set the upper byte of the 16-bit ADCO accumulator.

Note: If Accumulator shifting is enabled, the most significant bits of the value read will be zeros. This register should not be
written when the SYNC bit is set to 1.
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Register 14.8. ADCOL: ADCO Data Word Low Byte

Bit 7 6 5 4
Name ADCOL
Type RW
Reset 0 0 0 0

SFR Address: 0xBD

Table 14.11. ADCOL Register Bit Descriptions

Bit

Name

Function

7:0

ADCOL

Data Word Low Byte.

When read, this register returns the least significant byte of the 16-bit ADCO accumula-
tor, formatted according to the settings in ADSJST. The register may also be written, to

set the lower byte of the 16-bit ADCO accumulator.

Note: If Accumulator shifting is enabled, the most significant bits of the value read will be zeros. This register should not be
written when the SYNC bit is set to 1.
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Register 14.9. ADCOGTH: ADCO Greater-Than High Byte

Bit 7 4 1 0
Name ADCOGTH
Type RW
Reset 1 1 1 1

SFR Address: 0xC4

Table 14.12. ADCOGTH Register Bit Descriptions

Bit Name Function
7:0 ADCOGTH |Greater-Than High Byte.
Most Significant Byte of the 16-bit Greater-Than window compare register.
: e
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Register 14.10. ADCOGTL: ADCO Greater-Than Low Byte

Bit 7 6 5 4 3
Name ADCOGTL
Type RW
Reset 1 1 1 1 1

SFR Address: 0xC3

Table 14.13. ADCOGTL Register Bit Descriptions

Bit

Name

Function

7:0

ADCOGTL

Greater-Than Low Byte.

Least Significant Byte of the 16-bit Greater-Than window compare register.

Note: In 8-bit mode, this register should be set to 0x00.
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Register 14.11. ADCOLTH: ADCO Less-Than High Byte

Bit 7 6 5 4 3 2 1 0
Name ADCOLTH
Type RW
Reset 0 0 0 0 0 0 0 0

SFR Address: 0xC6

Table 14.14. ADCOLTH Register Bit Descriptions

Bit Name Function
7:0 ADCOLTH |Less-Than High Byte.
Most Significant Byte of the 16-bit Less-Than window compare register.
: e
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Register 14.12. ADCOLTL: ADCO Less-Than Low Byte

Bit 7 6 5 3
Name ADCOLTL
Type RW
Reset 0 0 0 0

SFR Address: 0xC5

Table 14.15. ADCOLTL Register Bit Descriptions

Bit

Name

Function

7:0

ADCOLTL

Less-Than Low Byte.

Least Significant Byte of the 16-bit Less-Than window compare register.

Note: In 8-bit mode, this register should be set to 0x00.
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Analog-to-Digital Converter (ADCO0)

C8051F85x/86x

Register 14.13. ADCOMX: ADCO Multiplexer Selection

Bit 7 6 5 4 3 2 1 0
Name Reserved ADCOMX
Type R RW
Reset 0 0 0 1 1 1 1 1

SFR Address: 0xBB

Table 14.16. ADCOMX Register Bit Descriptions

Bit

Name

Function

75

Reserved

Must write reset value.

4:0

ADCOMX

AMUXO Positive Input Selection.

Selects the positive input channel for ADCO. For reserved bit combinations, no input is

selected.

00000: ADCO0.0

00001: ADCO.1

00010: ADCO0.2

00011: ADCO0.3

00100: ADCO0.4

00101: ADCO.5

00110: ADCO0.6

00111: ADCO.7

01000: ADCO0.8

01001: ADCO0.9

01010: ADCO0.10

01011: ADCO0.11

01100: ADCO0.12

01101: ADCO0.13

01110: ADCO0.14

01111: ADCO0.15

10000: Temperature sensor.
10001: Internal LDO regulator output.
10010: vDD

10011: GND
10100-11111: Reserved.
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Register 14.14. REFOCN: Voltage Reference Control

Bit 7 6 5 4 3 2 1 0
Name IREFLVL | Reserved GNDSL REFSL TEMPE Reserved
Type RW R RW RW RW R
Reset 0 0 0 1 1 0 0 0

SFR Address: 0xD1
Table 14.17. REFOCN Register Bit Descriptions
Bit Name Function
7 IREFLVL |Internal Voltage Reference Level.
Sets the voltage level for the internal reference source.
0: The internal reference operates at 1.65 V nominal.
1: The internal reference operates at 2.4 V nominal.
6 Reserved | Must write reset value.
5 GNDSL Analog Ground Reference.
Selects the ADCO ground reference.
0: The ADCO ground reference is the GND pin.
1: The ADCO ground reference is the AGND pin.
4:3 REFSL Voltage Reference Select.
Selects the ADCO voltage reference.
00: The ADCO voltage reference is the VREF pin.
01: The ADCO voltage reference is the VDD pin.
10: The ADCO voltage reference is the internal 1.8 V digital supply voltage.
11: The ADCO voltage reference is the internal voltage reference.
2 TEMPE Temperature Sensor Enable.
Enables/Disables the internal temperature sensor.
0: Temperature Sensor Disabled.
1: Temperature Sensor Enabled.
1:0 Reserved | Must write reset value.
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CIP-51 Microcontroller Core

C8051F85x/86x

15. CIP-51 Microcontroller Core

The C8051F85x/86x uses the CIP-51 microcontroller. 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 MCU family has a
superset of all the peripherals included with a standard 8051. The CIP-51 also includes on-chip debug hardware
and interfaces directly with the analog and digital subsystems providing a complete data acquisition or control-
system solution in a single integrated circuit.

The CIP-51 Microcontroller core implements the standard 8051 organization and peripherals as well as additional
custom peripherals and functions to extend its capability (see Figure 15.1 for a block diagram). The CIP-51
includes the following features:

m Fully Compatible with MCS-51 Instruction Set
m 25 MIPS Peak Throughput with 25 MHz Clock

m 0 to 25 MHz Clock Frequency
m Extended Interrupt Handler

Reset Input

Power Management Modes
On-chip Debug Logic

Program and Data Memory Security

15.1. Performance

The CIP-51 employs a pipelined architecture that greatly increases its instruction throughput over the standard
8051 architecture. The CIP-51 core executes 70% of its instructions in one or two system clock cycles, with no
instructions taking more than eight system clock cycles.

DATA BUS )

[ BREGISTER |  [STACKPOINTER]

DATA BUS

SRAM
ADDRESS * SRAM
REGISTER
i 1

DATA BUS

~J

SFR_ADDRESS
BUFFER «» |
SER SFR_CONTROL
@» BUS
DATA POINTER ‘ﬂ» H INTERFACE wl
SFR_READ_DATA |
=R
PC INCREMENTER
a MEM_ADDRESS
PROGRAM COUNTER (PC) 2 R
mem_conTroL |
e
pas MEMORY
PRGM. ADDRESS REG. <:‘>.NTER;ACE MEM WRITE_ DATA _ |
a L
MEM_READ_DATA |
="
RESET _ | CONTROL
—RESET |
| Locie SYSTEM_IRQs
cLock
— ¥ INTERRUPT |
INTERFACE
| sror ¢ EMULATIONIRQ
| POWER CONTROL
IDLE REGISTER ﬁ»

Figure 15.1. CIP-51 Block Diagram

With the CIP-51's maximum system clock at 25 MHz, it has a peak throughput of 25 MIPS. The CIP-51 has a total
of 109 instructions. The table below shows the total number of instructions that require each execution time.

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

N

Number of Instructions 6 50 5 14 7 3 1 2 1

. &
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15.2. Programming and Debugging Support

In-system programming of the flash program memory and communication with on-chip debug support logic is
accomplished via the Silicon Labs 2-Wire Development Interface (C2).

The on-chip debug support logic facilitates full speed in-circuit debugging, allowing the setting of hardware
breakpoints, starting, stopping and single stepping through program execution (including interrupt service
routines), examination of the program's call stack, and reading/writing the contents of registers and memory. This
method of on-chip debugging is completely non-intrusive, requiring no RAM, Stack, timers, or other on-chip
resources.

The CIP-51 is supported by development tools from Silicon Labs and third party vendors. Silicon Labs provides an
integrated development environment (IDE) including editor, debugger and programmer. The IDE's debugger and
programmer interface to the CIP-51 via the C2 interface to provide fast and efficient in-system device programming
and debugging. Third party macro assemblers and C compilers are also available.

15.3. Instruction Set

The instruction set of the CIP-51 System Controller is fully compatible with the standard MCS-51™ instruction set.
Standard 8051 development tools can be used to develop software for the CIP-51. All CIP-51 instructions are the
binary and functional equivalent of their MCS-51™ counterparts, including opcodes, addressing modes and effect
on PSW flags. However, instruction timing is different than that of the standard 8051.

15.3.1. Instruction and CPU Timing

In many 8051 implementations, a distinction is made between machine cycles and clock cycles, with machine
cycles varying from 2 to 12 clock cycles in length. However, the CIP-51 implementation is based solely on clock
cycle timing. All instruction timings are specified in terms of clock cycles.

Due to the pipelined architecture of the CIP-51, most instructions execute in the same number of clock cycles as
there are program bytes in the instruction. Conditional branch instructions take one less clock cycle to complete
when the branch is not taken as opposed to when the branch is taken. Table 15.1 is the CIP-51 Instruction Set
Summary, which includes the mnemonic, number of bytes, and number of clock cycles for each instruction.
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CIP-51 Microcontroller Core

C8051F85x/86x

Table 15.1. CIP-51 Instruction Set Summary

Mnemonic Description Bytes Clock
Cycles
Arithmetic Operations
ADD A, Rn Add register to A 1 1
ADD A, direct Add direct byte to A 2 2
ADD A, @Ri Add indirect RAM to A 1 2
ADD A, #data Add immediate to A 2 2
ADDC A, Rn Add register to A with carry 1 1
ADDC A, direct Add direct byte to A with carry 2 2
ADDC A, @Ri Add indirect RAM to A with carry 1 2
ADDC A, #data Add immediate to A with carry 2 2
SUBB A, Rn Subtract register from A with borrow 1 1
SUBB A, direct Subtract direct byte from A with borrow 2 2
SUBB A, @Ri Subtract indirect RAM from A with borrow 1 2
SUBB A, #data Subtract immediate from A with borrow 2 2
INC A Increment A 1 1
INC Rn Increment register 1 1
INC direct Increment direct byte 2 2
INC @RI Increment indirect RAM 1 2
DEC A Decrement A 1 1
DEC Rn Decrement register 1 1
DEC direct Decrement direct byte 2 2
DEC @RI Decrement indirect RAM 1 2
INC DPTR Increment Data Pointer 1 1
MUL AB Multiply A and B 1 4
DIV AB Divide A by B 1 8
DA A Decimal adjust A 1 1
Logical Operations
ANL A, Rn AND Register to A 1 1
ANL A, direct AND direct byte to A 2 2
ANL A, @RI AND indirect RAM to A 1 2
ANL A, #data AND immediate to A 2 2
ANL direct, A AND A to direct byte 2 2
ANL direct, #data AND immediate to direct byte 3 3
ORL A, Rn OR Register to A 1 1
ORL A, direct OR direct byte to A 2 2
ORL A, @RI OR indirect RAM to A 1 2
ORL A, #data OR immediate to A 2 2
ORL direct, A OR A to direct byte 2 2
ORL direct, #data OR immediate to direct byte 3 3
XRL A, Rn Exclusive-OR Register to A 1 1
: e
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Table 15.1. CIP-51 Instruction Set Summary
Mnemonic Description Bytes Clock
Cycles
XRL A, direct Exclusive-OR direct byte to A 2 2
XRL A, @Ri Exclusive-OR indirect RAM to A 1 2
XRL A, #data Exclusive-OR immediate to A 2 2
XRL direct, A Exclusive-OR A to direct byte 2 2
XRL direct, #data Exclusive-OR immediate to direct byte 3 3
CLR A Clear A 1 1
CPLA Complement A 1 1
RL A Rotate A left 1 1
RLC A Rotate A left through Carry 1 1
RR A Rotate A right 1 1
RRC A Rotate A right through Carry 1 1
SWAP A Swap nibbles of A 1 1
Data Transfer
MOV A, Rn Move Register to A 1 1
MOV A, direct Move direct byte to A 2 2
MOV A, @RI Move indirect RAM to A 1 2
MOV A, #data Move immediate to A 2 2
MOV Rn, A Move A to Register 1 1
MOV Rn, direct Move direct byte to Register 2 2
MOV Rn, #data Move immediate to Register 2 2
MOV direct, A Move A to direct byte 2 2
MOV direct, Rn Move Register to direct byte 2 2
MOV direct, direct Move direct byte to direct byte 3 3
MOV direct, @RI Move indirect RAM to direct byte 2 2
MOV direct, #data Move immediate to direct byte 3 3
MOV @Ri, A Move A to indirect RAM 1 2
MOV @RI, direct Move direct byte to indirect RAM 2 2
MOV @RI, #data Move immediate to indirect RAM 2 2
MOV DPTR, #datal6 Load DPTR with 16-bit constant 3 3
MOVC A, @A+DPTR Move code byte relative DPTR to A 1 3
MOVC A, @A+PC Move code byte relative PC to A 1 3
MOVX A, @RI Move external data (8-bit address) to A 1 3
MOVX @RI, A Move A to external data (8-bit address) 1 3
MOVX A, @DPTR Move external data (16-bit address) to A 1 3
MOVX @DPTR, A Move A to external data (16-bit address) 1 3
PUSH direct Push direct byte onto stack 2 2
POP direct Pop direct byte from stack 2 2
XCH A, Rn Exchange Register with A 1 1
XCH A, direct Exchange direct byte with A 2 2
XCH A, @Ri Exchange indirect RAM with A 1 2
- e
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CIP-51 Microcontroller Core

C8051F85x/86x
Table 15.1. CIP-51 Instruction Set Summary
Mnemonic Description Bytes Clock
Cycles
XCHD A, @RI Exchange low nibble of indirect RAM with A 1 2
Boolean Manipulation
CLRC Clear Carry 1 1
CLR bit Clear direct bit 2 2
SETB C Set Carry 1 1
SETB bit Set direct bit 2 2
CPLC Complement Carry 1 1
CPL bit Complement direct bit 2 2
ANL C, bit AND direct bit to Carry 2 2
ANL C, /bit AND complement of direct bit to Carry 2 2
ORL C, bit OR direct hit to carry 2 2
ORL C, /bit OR complement of direct bit to Carry 2 2
MOV C, bit Move direct bit to Carry 2 2
MOV bit, C Move Carry to direct bit 2 2
JC rel Jump if Carry is set 2 2/3
JNC rel Jump if Carry is not set 2 2/3
JB bit, rel Jump if direct bit is set 3 3/4
JNB bit, rel Jump if direct bit is not set 3 3/4
JBC bit, rel Jump if direct bit is set and clear bit 3 3/4
Program Branching
ACALL addr11 Absolute subroutine call 2 3
LCALL addr16 Long subroutine call 3 4
RET Return from subroutine 1 5
RETI Return from interrupt 1 5
AJMP addril Absolute jump 2 3
LIMP addr16 Long jump 3 4
SIMP rel Short jump (relative address) 2 3
JMP @A+DPTR Jump indirect relative to DPTR 1 3
JZ rel Jump if A equals zero 2 2/3
JINZ rel Jump if A does not equal zero 2 2/3
CJINE A, direct, rel Compare direct byte to A and jump if not equal 3 3/4
CJINE A, #data, rel Compare immediate to A and jump if not equal 3 3/4
CJINE Rn, #data, rel Compare immediate to Register and jump if not equal 3 3/4
CINE @RI, #data, rel Compare immediate to indirect and jump if not equal 3 4/5
DJINZ Rn, rel Decrement Register and jump if not zero 2 213
DJNZ direct, rel Decrement direct byte and jump if not zero 3 3/4
NOP No operation 1 1
: e
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Notes on Registers, Operands and Addressing Modes:

Rn—Register RO-R7 of the currently selected register bank.
@Ri—Data RAM location addressed indirectly through RO or R1.

rel—8-bit, signed (twos complement) offset relative to the first byte of the following instruction. Used by SIMP
and all conditional jumps.

direct—8-bit internal data location’s address. This could be a direct-access Data RAM location (0x00-0x7F) or
an SFR (0x80-0xFF).

#data—8-bit constant
#datal6—16-bit constant
bit—Direct-accessed bit in Data RAM or SFR

addrl11—11-bit destination address used by ACALL and AJMP. The destination must be within the same 2 kB
page of program memory as the first byte of the following instruction.

addr16—16-bit destination address used by LCALL and LIMP. The destination may be anywhere within the
8 kB program memory space.

There is one unused opcode (0xA5) that performs the same function as NOP.
All mnemonics copyrighted © Intel Corporation 1980.
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CIP-51 Microcontroller Core

C8051F85x/86x

15.4. CPU Core Registers

Register 15.1. DPL: Data Pointer Low

Bit 7 6 5 4
Name DPL
Type RW
Reset 0 0 0 0

SFR Address: 0x82

Table 15.2. DPL Register Bit Descriptions

Bit Name Function
7:0 DPL Data Pointer Low.
The DPL register is the low byte of the 16-bit DPTR. DPTR is used to access indirectly
addressed flash memory or XRAM.
: e
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Register 15.2. DPH: Data Pointer High
Bit 7 6 5 4 3 2 1 0
Name DPH
Type RW
Reset 0 0 0 0 0 0 0 0

SFR Address: 0x83

Table 15.3. DPH Register Bit Descriptions

Bit

Name

Function

7:0

DPH

Data Pointer High.

The DPH register is the high byte of the 16-bit DPTR. DPTR is used to access indirectly
addressed flash memory or XRAM.
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CIP-51 Microcontroller Core

C8051F85x/86x

Register 15.3. SP: Stack Pointer

Bit 7 6
Name SP
Type RW
Reset 0 0

SFR Address: 0x81

Table 15.4. SP Register Bit Descriptions

Bit Name Function
7:0 SP Stack Pointer.
The Stack Pointer holds the location of the top of the stack. The stack pointer is incre-
mented before every PUSH operation. The SP register defaults to 0x07 after reset.
: e
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Register 15.4. ACC: Accumulator
Bit 7 6 3 2
Name ACC
Type RW
Reset 0 0 0 0

SFR Address: OxEO (bit-addressable)

Table 15.5. ACC Register Bit Descriptions

Bit

Name

Function

7:0

ACC

Accumulator.

This register is the accumulator for arithmetic operations.
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CIP-51 Microcontroller Core
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Register 15.5. B: B Register

Bit 7 6
Name B
Type RW
Reset 0 0

SFR Address: 0xFO (bit-addressable)

Table 15.6. B Register Bit Descriptions

Bit Name Function
7:0 B B Register.
This register serves as a second accumulator for certain arithmetic operations.
: e
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Register 15.6. PSW:

Program Status Word

Bit 7 6 5 2 1 0
Name CYy AC FO RS ov F1 PARITY
Type RW RW RW RW RW RW R
Reset 0 0 0 0 0 0

SFR Address: 0xDO (bit-addressable)

Table 15.7. PSW Register Bit Descriptions

Bit Name Function

7 CY Carry Flag.
This bit is set when the last arithmetic operation resulted in a carry (addition) or a borrow
(subtraction). It is cleared to logic 0 by all other arithmetic operations.

6 AC Auxiliary Carry Flag.
This bit is set when the last arithmetic operation resulted in a carry into (addition) or a
borrow from (subtraction) the high order nibble. It is cleared to logic 0 by all other arith-
metic operations.

5 FO User Flag 0.
This is a bit-addressable, general purpose flag for use under software control.

4:3 RS Register Bank Select.

These bits select which register bank is used during register accesses.
00: Bank 0, Addresses 0x00-0x07
01: Bank 1, Addresses 0x08-0xOF
10: Bank 2, Addresses 0x10-0x17
11: Bank 3, Addresses 0x18-0x1F

2 ov Overflow Flag.
This bit is set to 1 under the following circumstances:
1. An ADD, ADDC, or SUBB instruction causes a sign-change overflow.
2. A MUL instruction results in an overflow (result is greater than 255).
3. A DIV instruction causes a divide-by-zero condition.
The OV bit is cleared to 0 by the ADD, ADDC, SUBB, MUL, and DIV instructions in all
other cases.

1 F1 User Flag 1.
This is a bit-addressable, general purpose flag for use under software control.

0 PARITY |Parity Flag.
This bit is set to logic 1 if the sum of the eight bits in the accumulator is odd and cleared
if the sum is even.

&~
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Clock Sources and Selection (HFOSCO, LFOSCO, and EXTCLK)

C8051F85x/86x

16. Clock Sources and Selection (HFOSCO, LFOSCO, and EXTCLK)

The C8051F85x/86x devices can be clocked from the internal low power 24.5 MHz oscillator, the internal low-
frequency 80 kHz oscillator, or an external CMOS clock signal at the EXTCLK pin. An adjustable clock divider
allows the selected clock source to be post-scaled by powers of 2, up to a factor of 128. By default, the system
clock comes up as the 24.5 MHz oscillator divided by 8.

Clock Control

High Frequency

24.5 MHz
Oscillator
Low Frequency Programmable SYSCLK
80 kHz > Divider: >
Oscillator 1,2,4..128 To core and
peripherals
External Clock

Input (EXTCLK)

Figure 16.1. Clocking Options

16.1. Programmable High-Frequency Oscillator

All C8051F85x/86x devices include a programmable internal high-frequency oscillator that defaults as the system
clock after a system reset. The oscillator is automatically enabled when it is requested. The internal oscillator
period can be adjusted via the OSCICL register. On C8051F85x/86x devices, OSCICL is factory calibrated to
obtain a 24.5 MHz base frequency.

16.2. Programmable Low-Frequency Oscillator

A programmable low-frequency internal oscillator is also included. The low-frequency oscillator is calibrated to a
nominal frequency of 80 kHz. A divider at the oscillator output is capable of dividing the output clock of the module
by 1, 2, 4, or 8, using the OSCLD bits in the OSCLCN register. Additionally, the OSCLF bits can be used to
coarsely adjust the oscillator’s output frequency.

16.2.1. Calibrating the Internal L-F Oscillator

Timer 3 includes a capture function that can be used to capture the oscillator frequency, when running from a
known time base. When Timer 3 is configured for L-F Oscillator Capture Mode, a rising edge of the low-frequency
oscillator’s output will cause a capture event on the corresponding timer. As a capture event occurs, the current
timer value (TMR3H:TMR3L) is copied into the timer reload registers (TMR3RLH:TMR3RLL). By recording the
difference between two successive timer capture values, the low-frequency oscillator’s period can be calculated.
The OSCLF bits can then be adjusted to produce the desired oscillator frequency.

16.3. External Clock

An external CMOS clock source is also supported by the C8051F85x/86x family. The EXTCLK pin on the device
serves as the external clock input when running in this mode. The EXTCLK input may also be used to clock some
of the digital peripherals (e.g., Timers, PCA, etc.) while SYSCLK runs from one of the internal oscillator sources.
When not selected as the SYSCLK source, the EXTCLK input is always re-synchronized to SYSCLK.
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16.4. Clock Selection

The CLKSEL register is used to select the clock source for the system. The CLKSL field selects which oscillator
source is used as the system clock, while CLKDIV controls the programmable divider. CLKSL must be set to 01b
for the system clock to run from the external oscillator; however the external oscillator may still clock certain
peripherals (timers, PCA) when the internal oscillator is selected as the system clock. In these cases, the external
oscillator source is synchronized to the SYSCLK source. The system clock may be switched on-the-fly between
any of the oscillator sources so long as the selected clock source is enabled and has settled, and CLKDIV may be
changed at any time.

The internal high-frequency and low-frequency oscillators require little start-up time and may be selected as the
system clock immediately following the register write which enables the oscillator. When selecting the EXTCLK pin
as a clock input source, the pin should be skipped in the crossbar and configured as a digital input. Firmware
should ensure that the external clock source is present or enable the missing clock detector before switching the
CLKSL field.
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Clock Sources and Selection (HFOSCO, LFOSCO, and EXTCLK)
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16.5. High Frequency Oscillator Control Registers

Register 16.1. OSCICL: High Frequency Oscillator Calibration

Bit 7 6 5 4 3 2 1
Name OSCICL
Type RW
Reset X X X X X X X X

SFR Address: 0xC7

Table 16.1. OSCICL Register Bit Descriptions

Bit Name Function
7:0 OSCICL |Oscillator Calibration Bits.
These bits determine the internal oscillator period. When set to 00000000b, the oscillator
operates at its fastest setting. When set to 11111111b, the oscillator operates at its slow-
est setting. The reset value is factory calibrated to generate an internal oscillator fre-
quency of 24.5 MHz.
- e
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16.6. Low Frequency Oscillator Control Registers
Register 16.2. OSCLCN: Low Frequency Oscillator Control
Bit 7 6 5 4 3 2 1 0
Name | OSCLEN | OSCLRDY OSCLF OSCLD
Type RW R RW RW
Reset 0 0 X X X X 0 0

SFR Address: 0xB1

Table 16.2. OSCLCN Register Bit Descriptions

Bit Name Function
7 OSCLEN |Internal L-F Oscillator Enable.
This bit enables the internal low-frequency oscillator. Note that the low-frequency oscilla-
tor is automatically enabled when the watchdog timer is active.
0: Internal L-F Oscillator Disabled.
1: Internal L-F Oscillator Enabled.
6 OSCLRDY |Internal L-F Oscillator Ready.
0: Internal L-F Oscillator frequency not stabilized.
1: Internal L-F Oscillator frequency stabilized.
5:2 OSCLF Internal L-F Oscillator Frequency Control Bits.
Fine-tune control bits for the Internal L-F oscillator frequency. When set to 0000b, the L-F
oscillator operates at its fastest setting. When set to 1111b, the L-F oscillator operates at
its slowest setting. The OSCLF bits should only be changed by firmware when the L-F
oscillator is disabled (OSCLEN = 0).
1:0 OSCLD Internal L-F Oscillator Divider Select.
00: Divide by 8 selected.
01: Divide by 4 selected.
10: Divide by 2 selected.
11: Divide by 1 selected.

Note: OSCLRDY is only set back to 0 in the event of a device reset or a change to the OSCLD bits.
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16.7. Clock Selection Control Registers

Register 16.3. CLKSEL: Clock Select

Bit 7 6 5 4 3 2 1 0
Name | Reserved CLKDIV Reserved CLKSL
Type R RwW R RW
Reset 0 0 1 1 0 0 0 0

SFR Address: 0xA9

Table 16.3. CLKSEL Register Bit Descriptions

Bit

Name

Function

Reserved

Must write reset value.

6:4

CLKDIV

Clock Source Divider.

This field controls the divider applied to the clock source selected by CLKSL. The output
of this divider is the system clock (SYSCLK).

000: SYSCLK is equal to selected clock source divided by 1.
001: SYSCLK is equal to selected clock source divided by 2.
010: SYSCLK is equal to selected clock source divided by 4.
011: SYSCLK is equal to selected clock source divided by 8.
100: SYSCLK is equal to selected clock source divided by 16.
101: SYSCLK is equal to selected clock source divided by 32.
110: SYSCLK is equal to selected clock source divided by 64.
111: SYSCLK is equal to selected clock source divided by 128.

3:2

Reserved

Must write reset value.

1:0

CLKSL

Clock Source Select.

Selects the system clock source.

00: Clock derived from the Internal High-Frequency Oscillator.
01: Clock derived from the External Oscillator circuit.

10: Clock derived from the Internal Low-Frequency Oscillator.
11: Reserved.
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17. Comparators (CMPO and CMP1)

CB8051F85x/86x devices include two on-chip programmable voltage comparators, CMPO and CMP1. The two
comparators are functionally identical, but have different connectivity within the device. A functional block diagram
is shown in Figure 17.1.

CMPn

Positive Input

Selection Programmable

Hysteresis

—>
Port Pins (8) |:

CPnA
(asynchronous)

D e

Internal LDO > >

\4

CPn
(synchronous)

v

L{D Q
SYSCLK —»

K—> g
Port Pins (8) |:

Programmable

Negative Input Response Time
Selection

Figure 17.1. Comparator Functional Block Diagram

17.1. System Connectivity

Comparator inputs are routed to port 1/O pins or internal signals using the comparator mux registers. The
comparator’s synchronous and asynchronous outputs can optionally be routed to port I/O pins through the port 110
crosshar. The output of either comparator may also be configured to generate a system interrupt. CMPO may also
be used as a reset source, or as a trigger to kill a PCA output channel.

The CMPO inputs are selected in the CPTOMX register, while CPT1MX selects the CMP1 inputs. The CMXP field
selects the comparator’s positive input (CPnP.x); the CMXN field selects the comparator’s negative input (CPnN.x).
Table 17.1 through Table 17.4 detail the comparator input multiplexer options on the C8051F85x/86x family. See
the port I/O crossbar sections for details on configuring comparator outputs via the digital crossbar. Comparator
inputs can be externally driven from —0.25 V to (Vpp) + 0.25 V without damage or upset.

Important Note About Comparator Inputs: The port pins selected as comparator inputs should be configured as
analog inputs in their associated port configuration register, and configured to be skipped by the crossbar.
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Comparators (CMPO and CMP1)

C8051F85x/86x

Table 17.1. CMPO Positive Input Multiplexer Channels

CMXP Setting in Signal Name QSOP24 Pin Name QFN20 Pin Name SOIC16 Pin Name
Register CPTOMX
0000 CPOP.O PO0.0 PO0.0 PO.0
0001 CPOP.1 PO.1 PO.1 PO.1
0010 CPOP.2 P0.2 P0.2 P0.2
0011 CPOP.3 P0.3 P0.3 P0.3
0100 CPOP.4 P0.4 P0.4 P0.4
0101 CPOP.5 P0.5 P0.5 P0.5
0110 CPOP.6 PO0.6 PO0.6 Reserved
0111 CPOP.7 PO.7 PO.7 Reserved
1000 LDO Internal 1.8 VV LDO Output
1001-1111 None No connection

Table 17.2. CMPO Negative Input Multiplexer Channels

CMXN Setting in Signal Name QSOP24 Pin Name QFN20 Pin Name SOIC16 Pin Name
Register CPTOMX
0000 CPON.O PO0.0 PO0.0 P0.0
0001 CPON.1 PO.1 PO.1 PO.1
0010 CPON.2 P0.2 P0.2 P0.2
0011 CPON.3 P0.3 P0.3 P0.3
0100 CPON.4 P0.4 P0.4 P0.4
0101 CPON.5 P0.5 PO.5 PO0.5
0110 CPON.6 P0.6 P0.6 Reserved
0111 CPON.7 PO.7 PO.7 Reserved
1000 GND GND
1001-1111 None No connection
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C8051F85x/86x

Table 17.3. CMP1 Positive Input Multiplexer Channels

CMXP Setting in Signal Name QSOP24 Pin Name QFN20 Pin Name SOIC16 Pin Name
Register CPT1MX
0000 CP1P.0 P1.0 P1.0 PO0.6
0001 CP1P1 P1.1 P1.1 PO.7
0010 CP1P.2 P1.2 P1.2 P1.0
0011 CP1P.3 P1.3 P1.3 P1.1
0100 CP1P4 P1.4 P1.4 P1.2
0101 CP1P.5 P1.5 P1.5 P1.3
0110 CP1P.6 P1.6 P1.6 Reserved
0111 CP1P.7 P1.7 Reserved Reserved
1000 LDO Internal 1.8 VV LDO Output
1001-1111 None No connection

Table 17.4. CMP1 Negative Input Multiplexer Channels

CMXN Setting in Signal Name QSOP24 Pin Name QFN20 Pin Name SOIC16 Pin Name
Register CPT1MX
0000 CP1IN.O P1.0 P1.0 PO0.6
0001 CP1IN.1 P1.1 P1.1 PO.7
0010 CP1IN.2 P1.2 P1.2 P1.0
0011 CP1IN.3 P1.3 P1.3 P1.1
0100 CP1N.4 P1.4 P1.4 P1.2
0101 CPIN.5 P1.5 P1.5 P1.3
0110 CP1N.6 P1.6 P1.6 Reserved
0111 CP1N.7 P1.7 Reserved Reserved
1000 GND GND
1001-1111 None No connection
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Comparators (CMPO and CMP1)

C8051F85x/86x

17.2. Functional Description

The comparator offers programmable response time and hysteresis, an analog input multiplexer, and two outputs
that are optionally available at the port pins: a synchronous “latched” output (CPn), or an asynchronous “raw”
output (CPnA). The asynchronous CPnA signal is available even when the system clock is not active. This allows
the comparator to operate and generate an output with the device in STOP mode.

When disabled, the comparator output (if assigned to a port I/O pin via the crossbar) defaults to the logic low state,
and the power supply to the comparator is turned off.

The comparator response time may be configured in software via the CPTnMD register. Selecting a longer
response time reduces the comparator supply current.

Positive programmable
hysteresis (CPHYP)

CPn+
Negative programmable
hysteresis (CPHYN)
CPO (out)

Figure 17.2. Comparator Hysteresis Plot

The comparator hysteresis is software-programmable via its Comparator Control register CPTNnCN. The user can
program both the amount of hysteresis voltage (referred to the input voltage) and the positive and negative-going
symmetry of this hysteresis around the threshold voltage.

The comparator hysteresis is programmable using the CPHYN and CPHYP fields in the Comparator Control
Register CPTnCN. The amount of negative hysteresis voltage is determined by the settings of the CPHYN bits. As
shown in Figure 17.2, settings of 20, 10, or 5 mV (nominal) of negative hysteresis can be programmed, or negative
hysteresis can be disabled. In a similar way, the amount of positive hysteresis is determined by the setting the
CPHYP bits.

Comparator interrupts can be generated on both rising-edge and falling-edge output transitions. The CPFIF flag is
set to logic 1 upon a comparator falling-edge occurrence, and the CPRIF flag is set to logic 1 upon the comparator
rising-edge occurrence. Once set, these bits remain set until cleared by software. The comparator rising-edge
interrupt mask is enabled by setting CPRIE to a logic 1. The comparator falling-edge interrupt mask is enabled by
setting CPFIE to a logic 1.

The output state of the comparator can be obtained at any time by reading the CPOUT bit. The comparator is
enabled by setting the CPEN bit to logic 1, and is disabled by clearing this bit to logic 0.

Note that false rising edges and falling edges can be detected when the comparator is first powered on or if
changes are made to the hysteresis or response time control bits. Therefore, it is recommended that the rising-
edge and falling-edge flags be explicitly cleared to logic 0 a short time after the comparator is enabled or its mode
bits have been changed, before enabling comparator interrupts.

. &
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C8051F85x/86x
17.3. Comparator Control Registers
Register 17.1. CPTOCN: Comparator 0 Control
Bit 7 6 5 4 3 2 1
Name CPEN CPOUT CPRIF CPFIF CPHYP CPHYN
Type RW R RW RW RW RW
Reset 0 0 0 0 0 0 0

SFR Address: 0x9B

Table 17.5. CPTOCN Register Bit Descriptions

Bit Name Function
7 CPEN Comparator 0 Enable Bit.
0: Comparator Disabled.
1: Comparator Enabled.
6 CPOUT Comparator 0 Output State Flag.
0: Voltage on CPOP < CPON.
1: Voltage on CPOP > CPON.
5 CPRIF Comparator 0 Rising-Edge Flag. Must be cleared by software.
0: No Comparator Rising Edge has occurred since this flag was last cleared.
1: Comparator Rising Edge has occurred.
4 CPFIF Comparator 0 Falling-Edge Flag. Must be cleared by software.
0: No Comparator Falling-Edge has occurred since this flag was last cleared.
1: Comparator Falling-Edge has occurred.
3:2 CPHYP |Comparator O Positive Hysteresis Control Bits.
00: Positive Hysteresis Disabled.
01: Positive Hysteresis =5 mV.
10: Positive Hysteresis = 10 mV.
11: Positive Hysteresis = 20 mV.
1.0 CPHYN Comparator 0 Negative Hysteresis Control Bits.

00: Negative Hysteresis Disabled.
01: Negative Hysteresis =5 mV.

10: Negative Hysteresis = 10 mV.
11: Negative Hysteresis = 20 mV.
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Comparators (CMPO and CMP1)

C8051F85x/86x

Register 17.2. CPTOMD: Comparator 0 Mode

Bit 7 6 5 4 3 2 1 0
Name | CPLOUT | Reserved CPRIE CPFIE Reserved CPMD
Type RW R RW RW R RW
Reset 0 0 0 0 0 0 1 0

SFR Address: 0x9D

Table 17.6. CPTOMD Register Bit Descriptions

Bit

Name

Function

CPLOUT

Comparator 0 Latched Output Flag.

This bit represents the comparator output value at the most recent PCA counter overflow.
0: Comparator output was logic low at last PCA overflow.

1: Comparator output was logic high at last PCA overflow.

Reserved

Must write reset value.

CPRIE

Comparator 0 Rising-Edge Interrupt Enable.

0: Comparator Rising-edge interrupt disabled.
1: Comparator Rising-edge interrupt enabled.

CPFIE

Comparator 0 Falling-Edge Interrupt Enable.

0: Comparator Falling-edge interrupt disabled.
1: Comparator Falling-edge interrupt enabled.

3.2

Reserved

Must write reset value.

1:0

CPMD

Comparator 0 Mode Select.

These bits affect the response time and power consumption of the comparator.
00: Mode 0 (Fastest Response Time, Highest Power Consumption)

01: Mode 1

10: Mode 2

11: Mode 3 (Slowest Response Time, Lowest Power Consumption)
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C8051F85x/86x
Register 17.3. CPTOMX: Comparator 0 Multiplexer Selection
Bit 7 6 5 4 3 2
Name CMXN CMXP
Type RwW RW
Reset 1 1 1 1 1 1

SFR Address: 0x9F

Table 17.7. CPTOMX Register Bit Descriptions

Bit

Name

Function

74

CMXN

Comparator 0 Negative Input MUX Selection.

0000: External pin CPON.O
0001: External pin CPON.1
0010: External pin CPON.2
0011: External pin CPON.3
0100: External pin CPON.4
0101: External pin CPON.5
0110: External pin CPON.6
0111: External pin CPON.7
1000: GND

1001-1111: Reserved.

3:0

CMXP

Comparator 0 Positive Input MUX Selection.

0000: External pin CPOP.0
0001: External pin CPOP.1
0010: External pin CPOP.2
0011: External pin CPOP.3
0100: External pin CPOP.4
0101: External pin CPOP.5
0110: External pin CPOP.6
0111: External pin CPOP.7
1000: Internal LDO output
1001-1111: Reserved.
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Comparators (CMPO and CMP1)

C8051F85x/86x

Register 17.4. CPT1CN: Comparator 1 Control

Bit 7 6 5 4 3 2 1 0
Name | CPEN CPOUT CPRIF CPFIF CPHYP CPHYN
Type RW R RW RW RW RW
Reset 0 0 0 0 0 0 0 0

SFR Address: OxBF

Table 17.8. CPT1CN Register Bit Descriptions

Bit

Name

Function

CPEN

Comparator 1 Enable Bit.

0: Comparator Disabled.
1: Comparator Enabled.

CPOUT

Comparator 1 Output State Flag.

0: Voltage on CP1P < CP1N.
1: Voltage on CP1P > CP1N.

CPRIF

Comparator 1 Rising-Edge Flag. Must be cleared by software.

0: No Comparator Rising Edge has occurred since this flag was last cleared.

1: Comparator Rising Edge has occurred.

CPFIF

Comparator 1 Falling-Edge Flag. Must be cleared by software.

0: No Comparator Falling-Edge has occurred since this flag was last cleared.

1: Comparator Falling-Edge has occurred.

3:2

CPHYP

Comparator 1 Positive Hysteresis Control Bits.
00: Positive Hysteresis Disabled.

01: Positive Hysteresis =5 mV.

10: Positive Hysteresis = 10 mV.

11: Positive Hysteresis = 20 mV.

1:0

CPHYN

Comparator 1 Negative Hysteresis Control Bits.
00: Negative Hysteresis Disabled.

01: Negative Hysteresis =5 mV.

10: Negative Hysteresis = 10 mV.

11: Negative Hysteresis = 20 mV.
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C8051F85x/86x

Register 17.5. CPT1MD: Comparator 1 Mode

Bit 7 6 5 4 3 2 1 0
Name | CPLOUT | Reserved CPRIE CPFIE Reserved CPMD
Type RW R RW RW R RW
Reset 0 0 0 0 0 0 1 0

SFR Address: 0xAB

Table 17.9. CPT1MD Register Bit Descriptions

Bit

Name

Function

CPLOUT

Comparator 1 Latched Output Flag.

0: Comparator output was logic low at last PCA overflow.
1: Comparator output was logic high at last PCA overflow.

This bit represents the comparator output value at the most recent PCA counter overflow.

Reserved

Must write reset value.

CPRIE

Comparator 1 Rising-Edge Interrupt Enable.

0: Comparator Rising-edge interrupt disabled.
1: Comparator Rising-edge interrupt enabled.

CPFIE

Comparator 1 Falling-Edge Interrupt Enable.

0: Comparator Falling-edge interrupt disabled.
1: Comparator Falling-edge interrupt enabled.

3.2

Reserved

Must write reset value.

1:0

CPMD

Comparator 1 Mode Select.

These bits affect the response time and power consumption of the comparator.
00: Mode 0 (Fastest Response Time, Highest Power Consumption)

01: Mode 1

10: Mode 2

11: Mode 3 (Slowest Response Time, Lowest Power Consumption)
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Comparators (CMPO and CMP1)

C8051F85x/86x

Register 17.6. CPT1MX: Comparator 1 Multiplexer Selection

Bit 7 6 5 4 3 2
Name CMXN CMXP
Type RwW RW
Reset 1 1 1 1 1 1

SFR Address: OxAA

Table 17.10. CPT1MX Register Bit Descriptions

Bit

Name

Function

74

CMXN

Comparator 1 Negative Input MUX Selection.

0000: External pin CP1N.0
0001: External pin CP1N.1
0010: External pin CP1N.2
0011: External pin CP1N.3
0100: External pin CP1N.4
0101: External pin CP1N.5
0110: External pin CP1N.6
0111: External pin CP1N.7
1000: GND

1001-1111: Reserved.

3:0

CMXP

Comparator 1 Positive Input MUX Selection.

0000: External pin CP1P.0
0001: External pin CP1P.1
0010: External pin CP1P.2
0011: External pin CP1P.3
0100: External pin CP1P.4
0101: External pin CP1P.5
0110: External pin CP1P.6
0111: External pin CP1P.7
1000: Internal LDO output
1001-1111: Reserved.
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C8051F85x/86x

18. Cyclic Redundancy Check Unit (CRCO0)

CB8051F85x/86x devices include a cyclic redundancy check unit (CRCO) that can perform a CRC using a 16-bit
polynomial. CRCO accepts a stream of 8-bit data written to the CRCOIN register. CRCO posts the 16-bit result to an
internal register. The internal result register may be accessed indirectly using the CRCPNT bits and CRCODAT
register, as shown in Figure 18.1. CRCO also has a bit reverse register for quick data manipulation.

CRCO
8
CRCOIN w
Automatic > Hardware CRC
Mefrlfz)srh »| flash read 2 }) Calculation
y control Seed Unit

(0x0000 or
OXFFFF) 8 8

CRCOFLIP &2 byte-level bit 8
reversal v
CRCODAT

Figure 18.1. CRCO Block Diagram
18.1. CRC Algorithm

The CRC unit generates a CRC result equivalent to the following algorithm:

1. XOR the input with the most-significant bits of the current CRC result. If this is the first iteration of the CRC
unit, the current CRC result will be the set initial value
(0x0000 or OXFFFF).

2a. If the MSB of the CRC result is set, shift the CRC result and XOR the result with the selected polynomial.
2b. If the MSB of the CRC result is not set, shift the CRC result.

Repeat Steps 2a/2b for the number of input bits (8). The algorithm is also described in the following example.
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Cyclic Redundancy Check Unit (CRCO)

C8051F85x/86x

The 16-bit CRC algorithm can be described by the following code:

unsigned short UpdateCRC (unsigned short CRC_acc, unsigned char CRC_input)
{

unsigned char i; // loop counter
#define POLY 0x1021

// Create the CRC "dividend" for polynomial arithmetic (binary arithmetic
// with no carries)
CRC_acc = CRC_acc ™ (CRC_input << 8);

// "Divide"” the poly into the dividend using CRC XOR subtraction
// CRC_acc holds the "remainder™ of each divide

//

// Only complete this division for 8 bits since input is 1 byte
for (i = 0; 1 <8; i++)

{
// Check if the MSB is set (if MSB is 1, then the POLY can "‘divide"
// into the "dividend™)
ifT ((CRC_acc & 0x8000) == 0x8000)
{
// if so, shift the CRC value, and XOR "'subtract" the poly
CRC_acc = CRC_acc << 1;
CRC_acc ™= POLY;
}
else
{
// if not, just shift the CRC value
CRC_acc = CRC_acc << 1;
}
}

// Return the final remainder (CRC value)
return CRC_acc;

}

Table 18.1 lists several input values and the associated outputs using the 16-bit CRC algorithm:

Table 18.1. Example 16-bit CRC Outputs

Input Output
0x63 0xBD35
0x8C OxB1F4
0x7D Ox4ECA
OxAA, 0xBB, 0xCC Ox6CF6
0x00, 0x00, OxAA, 0xBB, 0xCC 0xB166
. L4
134 Preliminary Rev 0.7 @

SILITON

LABS



C8051F85x/86x

18.2. Preparing for a CRC Calculation

To prepare CRCO for a CRC calculation, software should set the initial value of the result. The polynomial used for
the CRC computation is 0x1021. The CRCO result may be initialized to one of two values: 0x0000 or OXFFFF. The
following steps can be used to initialize CRCO.

1. Select the initial result value (Set CRCVAL to 0 for 0x0000 or 1 for OXFFFF).
2. Set the result to its initial value (Write 1 to CRCINIT).

18.3. Performing a CRC Calculation

Once CRCO is initialized, the input data stream is sequentially written to CRCOIN, one byte at a time. The CRCO
result is automatically updated after each byte is written. The CRC engine may also be configured to automatically
perform a CRC on one or more 256 byte blocks read from flash. The following steps can be used to automatically
perform a CRC on flash memory.

1. Prepare CRCO for a CRC calculation as shown above.

Write the index of the starting page to CRCOAUTO.

Set the AUTOEN bit to 1 in CRCOAUTO.

Write the number of 256 byte blocks to perform in the CRC calculation to CRCCNT.

Write any value to CRCOCN (or OR its contents with 0x00) to initiate the CRC calculation. The CPU will not
execute code any additional code until the CRC operation completes. See the note in the CRCOCN
register definition for more information on how to properly initiate a CRC calculation.

6. Clear the AUTOEN bit in CRCOAUTO.
7. Read the CRC result.

18.4. Accessing the CRCO Result

The internal CRCO result is 16 bits. The CRCPNT bits select the byte that is targeted by read and write operations
on CRCODAT and increment after each read or write. The calculation result will remain in the internal CRO result
register until it is set, overwritten, or additional data is written to CRCOIN.

18.5. CRCO Bit Reverse Feature

CRCO includes hardware to reverse the bit order of each bit in a byte as shown in Figure 18.2. Each byte of data
written to CRCOFLIP is read back bit reversed. For example, if 0xCO is written to CRCOFLIP, the data read back is
0x03. Bit reversal is a useful mathematical function used in algorithms such as the FFT.

a s wbn

CRCOFLIP
(write)

CRCOFLIP
(read)

Figure 18.2. Bit Reversal
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Cyclic Redundancy Check Unit (CRCO)

C8051F85x/86x

18.6. CRC Control Registers

Register 18.1. CRCOCN: CRCO0 Control

Bit 7 6 5 4 3 2 1 0
Name Reserved CRCINIT | CRCVAL | Reserved | CRCPNT
Type R RW RW R RW
Reset 0 0 0 1 0 0 0 0

SFR Address: OxCE

Table 18.2. CRCOCN Register Bit Descriptions

Specifies the byte of the CRC result to be read/written on the next access to CRCODAT.

This bit will automatically toggle upon each read or write.
0: CRCODAT accesses bits 7-0 of the 16-bit CRC result.
1: CRCODAT accesses bits 15-8 of the 16-bit CRC result.

Bit Name Function
74 Reserved | Must write reset value.
3 CRCINIT |CRC Result Initialization Bit.
Writing a 1 to this bit initializes the entire CRC result based on CRCVAL.
2 CRCVAL |CRC Set Value Initialization Bit.
This bit selects the set value of the CRC result.
0: CRC result is set to 0x0000 on write of 1 to CRCINIT.
1: CRC result is set to OXFFFF on write of 1 to CRCINIT.
1 Reserved |Must write reset value.
0 CRCPNT |CRC Result Pointer.

Note: Upon initiation of an automatic CRC calculation, the three cycles following a write to CRCOCN that initiate a CRC
operation must only contain instructions which execute in the same number of cycles as the number of bytes in the
instruction. An example of such an instruction is a 3-byte MOV that targets the CRCOFLIP register. When programming
in C, the dummy value written to CRCOFLIP should be a non-zero value to prevent the compiler from generating a 2-
byte MOV instruction.
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C8051F85x/86x
Register 18.2. CRCOIN: CRCO Data Input
Bit 7 6 5 4 3 2
Name CRCOIN
Type RW
Reset 0 0 0 0 0 0

SFR Address: 0xDD

Table 18.3. CRCOIN Register Bit Descriptions

Bit

Name

Function

7:0

CRCOIN

CRC Data Input.

Each write to CRCIN results in the written data being computed into the existing CRC
result according to the CRC algorithm.
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Cyclic Redundancy Check Unit (CRCO)

C8051F85x/86x

Register 18.3. CRCODAT: CRCO Data Output

Bit 7 6 5 4 3 2 0
Name CRCODAT
Type RW
Reset 0 0 0 0 0 0 0

SFR Address: 0xDE

Table 18.4. CRCODAT Register Bit Descriptions

Bit

Name

Function

7:0

CRCODAT

CRC Data Output.

Each read or write performed on CRCODAT targets the CRC result bits pointed to by the

CRCO Result Pointer (CRCOPNT bits in CRCOCN).

Note: CRCODAT may not be valid for one cycle after setting the CRCOINIT bit in the CRCOCN register to 1. Any time
CRCOINIT is written to 1 by firmware, at least one instruction should be performed before reading CRCODAT.
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C8051F85x/86x
Register 18.4. CRCOAUTO: CRCO Automatic Control
Bit 7 6 5 4 3 2 1 0
Name | AUTOEN | Reserved CRCST
Type RwW R RW
Reset 0 0 0 0 0 0 0 0

SFR Address: 0xD2

Table 18.5. CRCOAUTO Register Bit Descriptions

Bit Name Function
7 AUTOEN |Automatic CRC Calculation Enable.
When AUTOEN is set to 1, any write to CRCOCN will initiate an automatic CRC starting
at flash sector CRCST and continuing for CRCCNT sectors.
6 Reserved |Must write reset value.
5.0 CRCST |Automatic CRC Calculation Starting Block.
These bits specify the flash block to start the automatic CRC calculation. The starting
address of the first flash block included in the automatic CRC calculation is CRCST x
block_size, where block_size is 256 bytes.
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Cyclic Redundancy Check Unit (CRCO)

C8051F85x/86x

Register 18.5. CRCOCNT: CRCO Automatic Flash Sector Count

Bit 7 6 4 2
Name CRCDN Reserved CRCCNT
Type R R RW
Reset 1 0 0 0

SFR Address: 0xD3

Table 18.6. CRCOCNT Register Bit Descriptions

Bit Name Function
7 CRCDN |Automatic CRC Calculation Complete.
Set to 0 when a CRC calculation is in progress. Code execution is stopped during a CRC
calculation; therefore, reads from firmware will always return 1.
6:5 Reserved |Must write reset value.
4.0 CRCCNT |Automatic CRC Calculation Block Count.
These bits specify the number of flash blocks to include in an automatic CRC calculation.
The last address of the last flash block included in the automatic CRC calculation is
(CRCST+CRCCNT) x Block Size - 1. The block size is 256 bytes.
: e
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Register 18.6. CRCOFLIP: CRCO Bit Flip
Bit 7 6 5 4 3 2 1 0
Name CRCOFLIP
Type RW
Reset 0 0 0 0 0 0 0 0

SFR Address: OxCF

Table 18.7. CRCOFLIP Register Bit Descriptions

Bit

Name

Function

7:0

CRCOFLIP

CRCO Bit Flip.

Any byte written to CRCOFLIP is read back in a bit-reversed order, i.e., the written LSB

becomes the MSB. For example:
If OXCO is written to CRCOFLIP, the data read back will be 0x03.
If Ox05 is written to CRCOFLIP, the data read back will be 0xAO.
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External Interrupts (INTO and INT1)

C8051F85x/86x

19. External Interrupts (INTO and INT1)

The C8051F85x/86x device family includes two external digital interrupt sources (INTO and INT1), with dedicated
interrupt sources (up to 16 additional I/O interrupts are available through the port match function). As is the case on
a standard 8051 architecture, certain controls for these two interrupt sources are available in the Timer0/1
registers. Extensions to these controls which provide additional functionality on C8051F85x/86x devices are
available in the ITO1CF register. INTO and INT1 are configurable as active high or low, edge or level sensitive. The
INOPL and IN1PL bits in the ITOLCF register select active high or active low; the ITO and IT1 bits in TCON select
level or edge sensitive. The table below lists the possible configurations.

ITO INOPL INTO Interrupt IT1 IN1PL INTL Interrupt
1 0 Active low, edge sensitive 1 0 Active low, edge sensitive
1 1 Active high, edge sensitive 1 1 Active high, edge sensitive
0 0 Active low, level sensitive 0 0 Active low, level sensitive
0 1 Active high, level sensitive 0 1 Active high, level sensitive

INTO and INT1 are assigned to port pins as defined in the ITOLCF register. Note that INTO and INT1 Port pin
assignments are independent of any crossbar assignments. INTO and INT1 will monitor their assigned port _pins
without disturbing the peripheral that was assigned the port pin via the crossbar. To assign a port pin only to INTO
and/or INT1, configure the crossbar to skip the selected pin(s).

IEO and IE1 in the TCON register serve as the interrupt-pending flags for the INTO and INT1 external interrupts,
respectively. If an INTO or INT1 external interrupt is configured as edge-sensitive, the corresponding interrupt-
pending flag is automatically cleared by the hardware when the CPU vectors to the ISR. When configured as level
sensitive, the interrupt-pending flag remains logic 1 while the input is active as defined by the corresponding
polarity bit (INOPL or IN1PL); the flag remains logic 0 while the input is inactive. The external interrupt source must
hold the input active until the interrupt request is recognized. It must then deactivate the interrupt request before
execution of the ISR completes or another interrupt request will be generated.
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C8051F85x/86x
19.1. External Interrupt Control Registers
Register 19.1. ITO1CF: INTO/INT1 Configuration
Bit 7 6 5 4 3 2 1 0
Name IN1PL IN1SL INOPL INOSL
Type RW RW RW RW
Reset 0 0 0 0 0 0 0 1

SFR Address: OxE4

Table 19.1. ITO1CF Register Bit Descriptions

Bit

Name

Function

IN1PL

INT1 Polari