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Ultra Low Power 128K, LCD MCU Family

Ultra Low Power Consumption at 3.6V

12-

130 pA/MHz Low-Power Active mode with dc-dc
enabled

110 nA sleep current w/ data retention; POR monitor
enabled
400 nA sleep mode with SmaRTClock
(internal LFO)
700 nA sleep mode with SmaRTClock (ext. crystal)
2 ps wakeup time; 1.5 pA analog settling time

Bit; 16 Ch. Analog-to-Digital Converter
Up to 75 ksps (12-bit mode) or 300 ksps
(10-bit mode)
External pin or internal VREF (no ext cap required)
On-chip voltage reference; 0.5x gain allows measur-
ing voltages up to twice the reference voltage
Autonomous burst mode with 16-bit auto-averaging
accumulator
Integrated temperature sensor

Two Low Current Comparators

Programmable hysteresis and response time
Configurable as wake-up or reset source

Internal 6-Bit Current Reference

Up to £500 pA; source and sink capability
Enhanced resolution via PWM interpolation

Integrated LCD Controller

Supports up to 128 segments (32x4)

LCD controller consumes only 400 nA for 32-
segment static display
Integrated charge pump for contrast control

Metering-Specific Peripherals

DC-DC buck converter allows dynamic voltage
scaling for maximum efficiency (250 mW output)
Sleep-mode pulse accumulator with programmable
switch, de-bounce and pull-up control; interfaces
directly to metering sensor

Data Packet Processing Engine (DPPE) includes
hardware AES, DMA, CRC and encoding blocks for
acceleration of wireless protocols

High-Speed 8051 uC Core

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

Memory

Up to 128 kB Flash; In-system programmable; Full
read/write/erase functionality over supply range

Up to 8 kB internal data RAM

tal Peripherals

57 or 34 port I/O; All 5 V tolerant with high sink
current and programmable drive strength
Hardware SMBus™ (1°C™ Compatible), 2 x SPI™,
and UART serial ports available concurrently

Four general purpose 16-bit counter/timers
Programmable 16-bit counter/timer array with six
capture/compare modules and watchdog timer
Clock Sources

Precision Internal oscillator: 24.5 MHz, 2% accuracy
supports UART operation; spread-spectrum mode
for reduced EMI

Low power internal oscillator: 20 MHz

External oscillator: Crystal, RC, C, or CMOS Clock
SmaRTClock oscillator: 32 kHz Crystal or 16.4 kHz
internal LFO

On-Chip Debug

On-chip debug circuitry facilitates full-speed, non-
intrusive in-system debug (no emulator required)
Provides 4 breakpoints, single stepping

Packages

76-pin DQFN (6 x 6 mm)

40-pin QFN (6 x 6 mm)

80-pin TQFP (12 x 12 mm)

Temperature Range: —40 to +85 °C

Digi

Power On CIP-51 8051 ls|  Port /O Configuration — |——— _
Reset/PMU Controller Core — - [ R PO.OVRER
Wake | [ 128K Byte ISP Flash Digital Peripherals [ RoRehD
[wae | ’ X . UART _J k——{X] PO.2/XTAL1
Reset rogram Veemory Ll | Porto e——{X PO.3/XTAL2
l— Timers Drivers [«—4—X] P0.4/TX
C2CK/RSTIX Debug / 256 Byte SRAM [;0- 1,28 L] PO.5/RX
P ing o] Priorit l—1—{x] PO.6/CNVSTR
Hardware l 8092 Byte XRAM ] PCAWDT }'—V lorty R o7
Decoder lk——{x P1.0/PCO
2 l——{X P1.1/PCT
VBAT Analog [SPI0_ e le—4—{X] P1.2/XTAL3
VBAT [X e o Port1 f——X] P1.3/XTAL4
Engine Drivers [«—¢—{X] P1.4
VDD (DMA Enabled) —
vbc X ' VREG E’ng"?l AES e 11X P1.5/INTS
Crossbar Control le—4—{] P1.6/INT6
——< P1.7
Encoder —
p— SFR LCD (up to 4x32) |k peorsc
D0 uck SYSeK Bus kX P2.1MISO1
Pragision X P2.2/MOSI1
Oscillator | Drivers «——{X] P2.4
f—— P25
Low Power Analog Peripherals X P26
cAPIY Lcﬂfgs’ge 20 MHz ool X p27
Oscillator
[ Internal ~ External P3-6
XTALT —»] External Rllalic il X P3.0..P6.7
Oscillator I VREF VDD
XTAL2 — Gircuit VREF P7 18l
Driver X p7.0/C2D
Sensor
XTAL3 —»{ Enhanced
GND (X smaRTClock
XTAL4 — Oscillator GND
L CP0.0P0A ey
System Clock CP1.CPIA
Configuration C/ml::lo paraiors

Rev. 0.3 10/11

Copyright © 2011 by Silicon Laboratories

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.

C8051F96x



C8051F96x

. ]
2 Rev. 0.3 @

SILICON LABS



C8051F96x

Table of Contents

1. SYSIEM OVEIVIEW ... s e amn e s e 23
1.1. CIP-51™ Microcontroller COre .........ueeiei i 29
1.1.1. Fully 8051 CompatiDIE .....cceeeiiieiieee e 29
1.1.2. Improved ThroughpuL.........cooo e 29
1.1.3. Additional Features .........oooo oo 29
1.2, POrt INPUL/OULPUL ..ot e e 30
1.3 Seral POIS .. a e 31
1.4. Programmable CoUNtEr ArTay...........eeieei oottt e e 31

1.5. SAR ADC with 16-bit Auto-Averaging Accumulator and
Autonomous Low Power Burst MOAe............ueeiiiiiiiiiieiee e 32
1.6. Programmable Current Reference (IREFQ).........ooooiiiiiiiiiiieeeee e 33
LA 070 ] 101 o =T =1 (o] £~ PSP UPPP T UUPPPPRPN 33
2. Ordering INfOrmMation .......cceiiiiiiiismi e 35
3. Pinout and Package Definitions .........ccccciiciiiimmmmemeeee s 36
3.1. DQFN-76 Package SpecCifiCations .........c.ueeiiiiiiiiiieee e 46
3.1.1. Package DIrawing ........ccoueoiuuiiiieeaaeiiie e e e e e 46
3.1.2. Land Pattern.. ..o 47
3.1.3. Soldering GUIAEINES .......oooeiiiieeee e 48
3.2. QFN-40 Package SpecCifications..........oocuuieiiiiiiiiiie e 50
3.3. TQFP-80 Package SpecCifications..........ccuuueirieiiiiiiiie e 52
3.3.1. Soldering GUIAEINES .......cooeiiiiieee e 55
4. Electrical CharacteristiCs........cccuuirrmmmimiiiiimmes s 56
4.1. Absolute Maximum SpecCifiCatioNS..........oooueiiiiiiie e 56
4.2. Electrical CharaCteriStiCS .........uuuiiuiiiieeee it 57

5. SAR ADC with 16-bit Auto-Averaging Accumulator and

Autonomous Low Power Burst Mode ..........ccouiiiiiininnnnssmmmmemmmemses s 78
5.1. Output Code FOrmMatting ....cceoeiiieeiieiie e 78
5.2. MOdeSs Of OPEration .........coeiiiiiiiiiiiiii et 80
5.2.1. Starting @ CONVEISION......coiiiiiiiee et e e 80
5.2.2. Tracking MOTES. ........ueiiiieiiiieiie e e e 80
5.2.3. BUIST IMOUE ...ttt e e e e 82
5.2.4. Settling Time RequUIremMents........ccooiiiiiiiii e 83
5.2.5. GaIN SELHNG «eeeiiiiiiiiii e 83
5.3. 8-Bit MOAE ... e 84
I 2 = ) /[ To L= TR 84
5.5. LOW POWEI MOttt 85
5.6. Programmable WINdOw Detector...........c.uueiiiiiiiiiie e 91
5.6.1. Window Detector In Single-Ended Mode ...........ccooeeiiiiiiiiiiiiieeees 93
5.6.2. ADCO SPECIfICALIONS ...eeiiiiiiiiiiieee et 94
5.7. ADCO Analog MURIPIEXET ..o 95
5.8. TEMPErature SENSOI......ueiiiii it e e e e e e e e e e nnees 97
5.8.1. CaliDration .....ccoei e 97
5.9. Voltage and Ground Reference OptioNns .........ooocueeeiiiiiiiiiiiiie e 100

. ®
@ Rev. 0.3 3

SILICON LABS



C8051F96x

5.10. External Voltage Reference.............uuuuiiiiiiiiiiiiiiieeeeeeee e 101
5.11. Internal Voltage Reference...........uuuueeiiiiiiiiiiiii et 101
5.12. Analog Ground Reference..........cooi i 101
5.13. Temperature Sensor ENabIe .........cooiiiiiiii e 101
5.14. Voltage Reference Electrical Specifications...........ccccooviiiiieeeiiiiiiiiieeeeeeee 102

6. Programmable Current Reference (IREFO0)............ccoeviiiiiiiiiiciisnnmmmmmee e 103
6.1. PWM ENhanced MOGE............uuiiiiiiiiiiiieieeeeeee e 103
6.2. IREFO SPeCIfiCatiONS .......ceiiiiiiiieeee e 104

0T o T4 10 Y= 1= 1 (o - 105
7.1. Comparator INPULS.........eeiiiee e e e e 105
7.2. CompParator OULPULS .......eeieiiiei e 106
7.3. Comparator ReSponse TiMe ........ooiiiiiiiiiiieee e 107
7.4, Comparator HYSIErISIS .....cuiii e 107
7.5. Comparator Register DescCriptions ...........eeeiiiiiiiiiiiii e 108
7.6. Comparator0 and Comparator1 Analog Multiplexers ..........ccccooiiiiiiieiinnee. 112

8. CIP-51 MiCroCONIIOller........eeeeeiiiiieeerr s sn s 115
8.1, INSIIUCTION Sel....eeiiiiieee e 116
8.1.1. Instruction and CPU TimiNg ......cccoouimiiiiiiiieeee e 116

8.2. CIP-51 Register DeSCrPHONS ......ccoiiiiiiiiiieeee e 121

9. Memory Organization .........cccceeiiiiismmmsmnnnnsssn s s s s 124
9.1. Program MEIMOIY ..........uuiiiiee ittt e e e e 124
9.1.1. MOVX Instruction and Program MemoOry ..........ccceeieiiiiiieniee e 127

9.2. DAta MEIMOIY ...ttt e e e e e e e e e e e e e nnnees 127
9.2.1. Internal RAM ... e 128

9.2.2. EXternal RAM ... ... 128

10. External Data Memory Interface and On-Chip XRAM..........ccccvieemriiiniicinmnnnnn 129
10.1. Accessing XRAM ... e 129
10.1.1. 16-Bit MOVX EXaMPIE ..coeiiiiiiiiiee e 129
10.1.2. 8-Bit MOVX EXGMPIE ...cooeiiiiiiiiiie e 129

10.2. Configuring the External Memory Interface..........ccoeeeeeiiiiii s 130
10.3. Port Configuration...........eeeeiiieeeee e 130
10.4. Multiplexed and Non-multiplexed Selection..............coeeiiiiiiiiiiiinniieeeeeee 134
10.4.1. Multiplexed Configuration............ccooiiiiiii e 134
10.4.2. Non-multiplexed Configuration............cceeeeeiiiiiiiieiie e, 134

10.5. Memory Mode SeleCtioN.........ooiiiiiiieee e 135
10.5.1. Internal XRAM ONlY ....ooiiiiii e 136
10.5.2. Split Mode without Bank Select.........ccccueiiiiiiii e, 136
10.5.3. Split Mode with Bank Select............oooiiiiiiiii e 136
10.5.4. EXternal Only ... 136

T0.6. TIMING et e e e e e e e e e e e e e e e e e e e nnnnreeeeeaans 137
10.6.1. Non-Multiplexed MOde ..........c.eueiiiiiiiie e 139
10.6.2. MultipleXed MOTE .........ueiiiiieieiie e 142

11. Direct Memory Access (DMAD)..........oommmmiimmimmmminmninnnnsssssssssssssssss s 146
11.1. DMADO ArChItECIUIE .o 147
11.2. DMAQ ArDItration ...ccooo o 148

. &
4 Rev. 0.3 @

SILICON LABS



C8051F96x

11.2.1. DMAO Memory Access Arbitration ... 148
11.2.2. DMAO Channel Arbitration ..o 148
11.3. DMAQO Operation in Low Power Modes ... 148
11.4. Transfer Configuration....... ..o 149
12. Cyclic Redundancy Check Unit (CRCO).........ccccunmiinnnnssssssssssnsmmmmsmnnssssssssssssssssas 160
12.1. 16-bit CRC AlQOItNM.. ... 160
12.3. Preparing for a CRC Calculation ..o 163
12.4. Performing a CRC CalCulation ..........ccooiiiiiiiiiiieee e 163
12.5. Accessing the CRCO ReSUIlt.........ueiiiiii e 163
12.6. CRCO Bit Reverse Feature..........uueiiiii e 167
13. DMA-Enabled Cyclic Redundancy Check Module (CRC1).......ccccccmmrrrnisiunmnnnnn 168
13.1. Polynomial SpecCifiCation...........oouueiiiiiiiie e 168
13,2, ENAIANNESS ...ttt ettt e e e e e e e e 169
13.3. CRC S€EA VAIUE ... 170
13.4. Inverting the Final Value..........ooii e 170
13.5. Flipping the Final Value ... 170
13.6. Using CRCT With SFR ACCESS .....eeiiiiiiiiiiiiiee e 171
13.7. Using the CRC1 module with the DMA ... 171
14. Advanced Encryption Standard (AES) Peripheral.........ccccciiiiiiiicccmnrinnnccieennns 175
14.1. Hardware DeSCrIPHION ........eiiiiiiiiee et e e 176
14.1.1. AES Encryption/Decryption COre........c.uueieeiiiiiiiiiieeee e 177
14.1.2. Data SFRS....eeeiieiee e 177
14.1.3. Configuration SIS .........ueiiiiie e 178
14.1.4. INPUL MURIPIEXET ... 178
14.1.5. OUPUL MURIPIEXET ... e 178
14.1.6. Internal State Machine ..o 178
14.2. KEY INVEISION ...t e e e e e e e 179
14.2.1. Key Inversion using DMA ... 180
14.2.2. Key Inversion using SFRS........oooii e 181
14.2.3. Extended Key Output Byte Order..........ooeeeiiiiiiiiiieiiieee e 182
14.2.4. Using the DMA to unwrap the extended Key ...........ooooiiiiiiiiiiiiiiiiinnnee. 183
14.3. AES BIOCK CIPNET ..o 184
14.4. AES Block Cipher Data FIOW..........coooiiiiiiii e 185
14.4.1. AES Block Cipher Encryption using DMA ..., 186
14.4.2. AES Block Cipher Encryption using SFRS.........ccooviiiiiiiiiee, 187
14.5. AES Block Cipher DecCryplion.........ccooo it 188
14.5.1. AES Block Cipher Decryption using DMA ..., 188
14.5.2. AES Block Cipher Decryption using SFRS........coooiiiiiiiiiee 189
14.6. Block Cipher MOES .........oeiiiiiieee e 190
14.6.1. Cipher Block Chaining MOdE..........cooiiuiiiiieeiiiiieeee e 190
14.6.2. CBC Encryption Initialization Vector Location...........cccccuveeeeiiiniiiieeenn. 192
14.6.3. CBC Encryption using DMA ... 192
14.6.4. CBC DECIYPHION .ottt e e e e ee s 195
14.6.5. CoUNLEr MOUTE ..ot 198
14.6.6. CTR Encryption using DMA ... 200

. ®
@ Rev. 0.3 5

SILICON LABS



C8051F96x

LI =g T T (=T g T=T o Yo = 207
15.1. Manchester ENCOAING ......coooiiiiiiiiiiiee e 208
15.2. Manchester DECOTING. ... .uuuiiiiiiiiiiee et 209
15.3. Three-out-of-SiXx ENCOAING......oieiieiee e 210
15.4. Three-out-0f-SiX DECOTING ....oiiiiiiiiiieee e 211
15.5. Encoding/Decoding With SFR ACCESS .......uuuiiiiiiiiiiiiee e 212
15.6. Decoder Error INterrupt. .. ..o 212
15.7. Using the ENCO module with the DMA.........ooo e 213

16. Special Function Registers.......ccmiiiinicemsr e 216
16.1. SFR PagiNg ..ot e e 216
16.2. Interrupts and SFR Paging ... 216
16.3. SFR Page Stack EXample ... 218

17. Interrupt Handler ... 237
17.1. Enabling INterrupt SOUICES .......c.uueiiiiieieeee e 237
17.2. MCU Interrupt Sources and VeCtOrs............oiiuiiiiiiiiiieeeieee e 237
17.3. INterrupt Prioriti©S ...coeveiiiiieieiee e 238
17.4. INEerTUPL LAtENCY ...eeee e 238
17.5. Interrupt Register DeSCrPONS .......eiiii i 240
17.6. External Interrupts INTO and INTT ... 247

18. Flash MemoOry........oo s 249
18.1. Programming the Flash Memory ... 249

18.1.1. Flash Lock and Key FUNCHIONS ..........uuiiiiiiiiiiiiiiiieeeeeeeeee 249
18.1.2. Flash Erase ProCeaure ............eooviiiiiiiiiiiiiiieeeee e 249
18.1.3. Flash Write ProCedure ..........c.ueiiiiiiiiiiiee e 250
18.1.4. Flash Write Optimization ............oooiiiiiiee e 251
18.2. Non-volatile Data StOrage ........oocuuieeieiiiie e 252
18.3. SECUNLY OPLIONS ...eeieiiee e 252
18.4. Determining the Device Part Number at Run Time ..., 254
18.5. Flash Write and Erase GUIJElINES .........ccuuiiiiii i 255
18.5.1. VDD Maintenance and the VDD MoNitor ..........c..eeevviiiiiiiiiiiiiiieee. 255
18.5.2. PSWE MaintenanCe .......cccoiiiuiiiiiiieeeeieiie et 256
18.5.3. SYSLEM ClOCK ...ceiiiiiiiieee e 256
18.6. Minimizing Flash Read CUIrent ... 257

19. Power Management ........ccccccciriirmmmmemmemnsss s ssss s s s 262
191, NOIMAI MO ... e e e e e 263
19.2. 1A1€ MOUE...ce et e e e e e e e e e 263
19.3. STOP MOGE ... e e e e e 264
19.4. LOW POWer Idle MO .......oeieiiiieeieeee e 264
19.5. SUSPENA MOAE ... 268
19.6. SIEEP MOTE ... . e e s e e e e e e s e e e e e eaaas 268
19.7. Configuring Wakeup SOUICES.........coeiiiiiiiiiiiie e 269
19.8. Determining the Event that Caused the Last Wakeup..........ccccceeeiiiienennns 269
19.9. Power Management Specifications .........c..eeeeveiiiiiiiiiee e 273

20. On-Chip DC-DC Buck Converter (DCO).......ccceurrrrmmmrmmmmssssssssssssssssssmmmmmmsssssssssssses 274
20.1. Startup BENAVIOI ... e 275

. ]
6 Rev. 0.3 @

SILICON LABS



C8051F96x

20.4. Optimizing Board LayOul ...........cooiiiiiiiiieeee e 276
20.5. Selecting the Optimum Switch Size.........cooviiiiiiii e 276
20.6. DC-DC Converter Clocking Options .........cccccemmmrrinnisssmmsrinnsssssssssssssssnnes 276
20.7. BYPass MOGE........coooiiiie e 277
20.8. DC-DC Converter Register Descriptions .........ccuueeeiieeiiiiiiieeee e 277
20.9. DC-DC Converter Specifications ........c..veeeiiiiiiieeie e 281
21. Voltage Regulator (VREGO)........cccceriiiinnsmmmmmrnnsssssmssssnssssmssss s ssssssssss s s sssssssmssnns 282
21.1. Voltage Regulator Electrical Specifications...........ccccovviiiiieieiiiniiiiieeee e 282
22. RESEt SOUICES.......iiiiiieeeeeiirisiinmmn s sss s sm s s s e e e ammnn e e e e anmmnnn s 283
22.1. POWEI-ON RESEL ... . r e e e e aaaeeeas 284
22.2. POWer-Fail RESEl ... 285
22.3. EXErNal RESEL...coiiiiieie ettt a e 288
22.4. Missing Clock Detector RESEt .......oooiiiiiiiei e 288
22.5. Comparator0 RESEt .......coui i 288
22.6. PCA Watchdog Timer RESet ......cooo i 288
22.7. FIash Error RESET ...t 289
22.8. SmaRTClock (Real Time Clock) ReSet ......cccoeeeeiiiiiiiiieeeeeeeeee e 289
22.9. SOftWAre RESEL ... 289
P22 T 03 Lo Tod Q] T TS Lo T U o =Y 291
23.1. Programmable Precision Internal Oscillator ... 292
23.2. Low Power Internal OSCillator..........oooeeiiiiiiiieee e 292
23.3. External Oscillator Drive CirCUit.........ccuveeiieeiiiiiiie e 292
23.3.1. External Crystal Mode............oooiiiiiiiiiiie e 292
23.3.2. External RC MOGE.....ccoo i 294
23.3.3. External Capacitor MOGE. .......ccoei i 295
23.3.4. External CMOS CIloCk MOdE ...........euiiiiiiiiiiieeee e 295
23.4. Special Function Registers for Selecting and Configuring the
SYSIEM ClOCK ... e 296
24. SmaRTClock (Real Time CIOCK).......cccccmmmmmmmmrrrrrrrnsssssssssssssssssssssssssssssssssssssssnnees 300
24.1. SMaRTCIOCK INtEIfaCE ....coeiiiieiiiiie e 301
24.1.1. SmaRTClock Lock and Key FUNCHIONS...........uueeiiiiiiiiieiiee e 302
24.1.2. Using RTCOADR and RTCODAT to Access SmaRTClock
Internal REQISTErS. ......oui e 302
24.1.3. SmaRTClock Interface Autoread Feature .........ccccovieiiiiiiiiiiees 302
24.1.4. RTCOADR Autoincrement Feature...........ooouiiiiiiiiiiiiiiieeieee e 302
24.2. SmaRTClock ClOCKING SOUICES .....coiiiiiiiiee et 305
24.2.1. Using the SmaRTClock Oscillator with a Crystal or
External CMOS CIOCK ......oeiiiiiiiiiiiiee e 305
24.2.2. Using the SmaRTClock Oscillator in Self-Oscillate Mode..................... 306
24.2.3. Using the Low Frequency Oscillator (LFO) ......cooeviiiiiiiiiiiiiiiiiieeeeee 306
24.2.4. Programmable Load CapacitanCe............occcureeeeeeiiiiiiiieeee e 306
24.2.5. Automatic Gain Control (Crystal Mode Only) and SmaRTClock
Bias DOUDIING ..ccooeeieeeeeee e 307
24.2.6. Missing SmaRTCIoCk Detector ............couiiiiiiiiiiii e 309
24.2.7. SmaRTClock Oscillator Crystal Valid Detector ...........ccccceeiiiiiienennns 309
7

. ®
@ Rev. 0.3

SILICON LABS



C8051F96x

24.3. SmaRTClock Timer and Alarm FUNCHON .........cueeiiiiiiie e 309
24.3.1. Setting and Reading the SmaRTClock Timer Value............ccccvveeeeennn. 309
24.3.2. Setting @ SMaRTCIOCK Alarm .......c.eeuiiiiiiiee e 310
24.3.3. Software Considerations for using the SmaRTClock

Timer and ALQrm ... 310
25. Low-Power Pulse COUNTEr ........mmiiiiiiiiimmenrrssscsssms s ssssss s e sssms s s s ssmnnns 317

25.1. CoUNtING MOES ... e e e e neeee 318

25.2. Reed SWILCH TYPES. .. .eieiiiieiiiii e 319

25.3. Programmable Pull-Up ReSISIOrS .........uviiiiiiiieeee e 320

25.4. Automatic Pull-Up Resistor Calibration ..............ccoooeeiiiieeeeee e 322

25.5. SAMPIE RALE....eeiiiiiiieiiee e 322

25.6. DEDOUNCE ... 322

25.7. ReSet BENAVIOr ... 323

25.8. Wake up and INterrupt SOUICES.......ooiuuiiiiee i 323

25.9. Real-Time RegiSter ACCESS ......uuiiiiiiiiiiieee et 324

25.10. ADvaNCed FEATUIES ...ttt 324
25.10.1. QUAArature ErrOr........oeii it 324
25.10.2. Flutter DeteCtioN .......cooi i 325

26. LCD SegmeNt DIiVEr ......ccuuiiiiiiinemmnrrinnisssnssssssssssssssss s ssssssssmsssssssssssssssssssssssssmmnens 339

26.1. Configuring the LCD Segment Driver ... 339

26.2. Mapping Data Registers t0 LCD PiNS.......ccooiiiiiiiiieeee e 340

26.3. LCD Contrast AdjUSIMENt..........ooiiiiiiiiee e 343
26.3.1. Contrast Control Mode 1 (Bypass Mode).........ccoeeviriiiiiiiieiiniiiiiieeeeee 343
26.3.2. Contrast Control Mode 2 (Minimum Contrast Mode) ............cccoeeeeeenn. 344
26.3.3. Contrast Control Mode 3 (Constant Contrast Mode)..........coooeceeeeeennns 344
26.3.4. Contrast Control Mode 4 (Auto-Bypass Mode) ........cceeeeeeeeeiiiiiieenenens 345

26.4. Adjusting the VBAT Monitor Threshold ... 349

26.5. Setting the LCD Refresh Rate........oooeiiieiiiii e 350

26.6. BliNKINg LCD SegMENTS......coieiiiiiiieeeiee et 351

26.7. Advanced LCD OptimizationsS..........ooouiieeieiiiiieieeee e 353

27. Port INpUt/OULPUL ... rsses s s e 356

27.1. Port I/0O Modes of Operation...........oouiieeeeiiiiieieee e 357
27.1.1. Port Pins Configured for Analog /O ... 357
27.1.2. Port Pins Configured For Digital 1/O........coooiiiiii e 357
27.1.3. Interfacing Port I/O to High Voltage LogiC.........cccoiiiiiiieiiiiiiiiiieeeeee 358
27.1.4. Increasing Port 1/0 Drive Strength ... 358

27.2. Assigning Port I/0 Pins to Analog and Digital Functions............ccccccceeeenneee. 358
27.2.1. Assigning Port I/0 Pins to Analog FUNCtions ...........cccceeeeeiiiiiiiieeneeens 358
27.2.2. Assigning Port 1/0 Pins to Digital Functions...........ccccoiiiiiiiinne 359
27.2.3. Assigning Port I/0O Pins to External Digital Event Capture Functions ... 359

27.3. Priority Crossbar DECOTEN .........ceeiiiiiiiiiiieeee et 360

27.4. PO IMAICK ... e 366

27.5. Special Function Registers for Accessing and Configuring Port I/O ............. 368

P2 T 1| 386

28.1. SUPPOIrtiNg DOCUMENTS ...coeiiiiiiiiee ettt 387

. ]
8 Rev. 0.3 @

SILICON LABS



C8051F96x

28.2. SMBUS CoNfIQUIratioN......cccoiieiieiiie e 387
28.3. SMBUS OPEIratioN .......eeiiiieeeiiiiiee ettt e e e e s e s nnree e e e e e e nneees 387
28.3.1. Transmitter VS. RECEIVET.......coiii i 388
28.3.2. ArDIIatioN ... eannae 388
28.3.3. Clock LOW EXIENSION ... 388
28.3.4. SCL LOW TIiMEOUL.......eeiiiiiiiieieeeeeee e e e e e e e 388
28.3.5. SCL High (SMBus Free) Timeout ........cccooiiiiiiiiiieiieiieeee e 389
28.4. USING the SIMBUS........oiiiiieiiiee e 389
28.4.1. SMBus Configuration Register............uouiiiiiiie e 389
28.4.2. SMBOCN Control REQISTer .....ccoei i 393
28.4.3. Hardware Slave Address Recognition ............ceeeeeiiniiiiieiie e 395
28.4.4. Data ReQiStOr .. ... 398
28.5. SMBUS Transfer MOGES..........uueiiiiieeeeeeee e 398
28.5.1. Write Sequence (MASEEr) ......uueiiiiiiiiiieeeee e 398
28.5.2. Read SequencCe (MaSEEr) ......ccoi i 399
28.5.3. Write SeqUueNCe (SIave) .......eeeeriiiiieiiee e 400
28.5.4. Read SeqUENCE (SIAVE) ...uuruiiiiiiiiiiiiiieeei e 401
28.6. SMBUS Status DeCOAING.....ciiueeeieiieeete et 402
72 TR U 72 = 407
29.1. Enhanced Baud Rate Generation............cccooiiiiiiiiiieciieeeec e 408
29.2. OperatioNal MOUES ........oeiiiiiiiiee e e 409
29.2.1. B-Bit UART .. e e e e e e e 409
29.2.2. 9-Bit UART <. e 409
29.3. Multiprocessor CommUNICALIONS .....cocueviiiieiiiee e 410
30. Enhanced Serial Peripheral Interface (SPI0) .....ccceemmimiiiiiiieeciesssssssssssssssmssssmneees 416
30.1. Signal DESCIIPLIONS ......eeiiiiiiiiiie it e e 417
30.1.1. Master Out, Slave In (MOSI) ..o 417
30.1.2. Master In, Slave Out (MISO).....ccooiiiiiieeeeeee e 417
30.1.3. Serial ClOCK (SCK) .....uuuuiiiiiiiiiiiiiiiiie e e e e 417
30.1.4. Slave SeleCt (NSS) ... 417
30.2. SPI0 Master Mode Operation .........coooeeeeeeee e 417
30.3. SPIO0 Slave Mode Operation ...........ooooueeieeeeiiiiiiee e 419
30.4. SPIO INTEITUPE SOUICES ...eeeiiiiiiiiieee ettt 420
30.5. Serial Clock Phase and Polarity ..........ccueeeeeiiiiiiee e 420
30.6. SPI Special Function RegiSters ... 422
B 72 1 1 12 1= 448
32.1. TImer 0 and TIMEI T oo e e e e e 450
32.1.1. Mode 0: 13-bit Counter/TIMEr .......ccuuiiiiieeeeee e 450
32.1.2. Mode 1: 16-bit Counter/TIMer ......cccuuiiiiiieee e 451
32.1.3. Mode 2: 8-bit Counter/Timer with Auto-Reload............ccccoeieiiiiiiennnne. 451
32.1.4. Mode 3: Two 8-bit Counter/Timers (Timer 0 Only).......cccvveeeeeeveerenennnn. 452
22 I 21T 2 SRR 458
32.2.1. 16-bit Timer with Auto-Reload.............cooiiiiiiii e 458
32.2.2. 8-bit Timers with Auto-Reload............ccccooiiiiiiiiii e 459
32.2.3. Comparator 0/SmaRTClock Capture Mode .........ccooiueeiiiiiiiiiiiiiieeeeens 459

. ®
@ Rev. 0.3 9

SILICON LABS



C8051F96x

2 T I o =Y g S 464
32.3.1. 16-bit Timer with Auto-Reload.............ooviiiiiiie e 464
32.3.2. 8-Bit Timers with Auto-Reload ... 465
32.3.3. SmaRTClock/External Oscillator Capture Mode..........cccceeeeviiiieeneennns 465

33. Programmable Counter Array.........ccccceemmemmmnnissssssnssmnsssssssssssssssssssssssssssssssnes 470

33.1. PCA COUNEI/TIMEN ...ttt e e e 471

33.2. PCAQ INtErruPt SOUICES. ...t e e e 472

33.3. Capture/Compare MOAUIES .........cooi i 473
33.3.1. Edge-triggered Capture MOde........ccoeeeeeeeieiiiiiiiceeeeeee e 474
33.3.2. Software Timer (Compare) MOde........ccoeeriiiiiiiiiieiieiiieee e 475
33.3.3. High-Speed Output Mode .........coooiiiiiiiiie e 476
33.3.4. Frequency Output MOdE ........cooiiiiiiiiiiie e 477
33.3.5. 8-Bit, 9-Bit, 10-Bit and 11-Bit Pulse Width Modulator Modes.............. 478
33.3.6. 16-Bit Pulse Width Modulator Mode..............oeeeiiiiiiiiiiiieeeee e 480

33.4. Watchdog Timer MOGE ..ot 481
33.4.1. Watchdog Timer Operation ..........oocuueeiie oo 481
33.4.2. Watchdog Timer USAge ........coeeiiiiiiiiieieeeeie e 482

33.5. Register Descriptions for PCAD.......cooeeiiiee e 484

B T 077 [ | =T o - o - 490
34.1. C2 Interface ReQISTersS ... .o 490
34.2. C2 PiN SNANG .eeoiiiiiiiiee e 493

Document Change List ... s 494

Contact INformation ... ————— 496

. &
10 Rev. 0.3 @

SILICON LABS



C8051F96x

List of Figures

Figure 1.1. C8051F960 Block Diagram ...........ooouiiiiiieiiiiiieeee e 24
Figure 1.2. C8051F961 BIOCK Diagram ........ccooooicuieiieeeeiiiiieeee e 24
Figure 1.3. C8051F962 BIOCK Diagram ........cccooccuieeeeeeeiiiiiiieee e eeiireeee e e e 25
Figure 1.4. C8051F963 Block Diagram ..........ooooiuiiiiiiiiiiiiieeee e 25
Figure 1.5. C8051F964 BIOCK Diagram .........ccooocouieeiieeiiiiiiieee e 26
Figure 1.6. C8051F965 Block Diagram ...........cooocuiiiiieiiiiiiieeee e 26
Figure 1.7. C8051F966 Block Diagram ...........ooouiiiiiiiiiiiiieeee e 27
Figure 1.8. C8051F967 BIOCK Diagram ........c..cooicuiieieeeeiiiiiieeee e 27
Figure 1.9. C8051F968 Block Diagram ... 28
Figure 1.10. C8051F969 Block Diagram ..........ooocueeeeeieiiiiiiieeee e 28
Figure 1.11. Port I/0O Functional Block Diagram .........cccooocoiiieiieiiiiiieeeee e 30
Figure 1.12. PCA BIOCK Diagram .......ccooiiuumiiiiieeiiieee et 31
Figure 1.13. ADCO Functional Block Diagram ..........ccceeiiiiiiiiiiiieeeee e 32
Figure 1.14. ADCO Multiplexer Block Diagram .........ccccceeiiiiiiieieee e 33
Figure 1.15. Comparator 0 Functional Block Diagram ..........cccccemiiiiiiinieinniiinennnn. 34
Figure 1.16. Comparator 1 Functional Block Diagram ...........cccccoeiiiiiiiniiinniiinenenn. 34
Figure 3.1. DQFN-76 Pinout Diagram (TOp VIEW) .....cceeiiiiiiiiieieieiieeeee e 43
Figure 3.2. QFN-40 Pinout Diagram (TOp VIEW) ......oeeiiiiiiiiiieieeieeeeee e 44
Figure 3.3. TQFP-80 Pinout Diagram (Top VIEW) ....ccooiiiiiiiiiiiieieeeee e 45
Figure 3.4. DQFN-76 Package Drawing .......ccoooiuiiiiieeeiiiiieee e 46
Figure 3.5. DQFN-76 Land Pattern ... 47
Figure 3.6. Recomended Inner Via Placement ..., 49
Figure 3.7. Typical QFN-40 Package Drawing ........ccccceeeiiiiieeereeeeiiieeee e 50
Figure 3.8. QFN-40 Landing Diagram ... 51
Figure 3.9. TQFP-80 Package Drawing ... 52
Figure 3.10. TQFP80 Landing Diagram .........ccoooouiieiieeieiiiiieeee e 54
Figure 4.1. Frequency Sensitivity (External CMOS Clock, 25°C) ......ccccceeviiiviennnnn. 64
Figure 4.2. Typical VOH Curves, 1.8-3.6 V ... 66
Figure 4.3. Typical VOL Curves, 1.8=3.6 V ... 67
Figure 5.1. ADCO Functional Block Diagram ............eeeeeriiiiiiiieeiieiiieeee e 78
Figure 5.2. 10-Bit ADC Track and Conversion Example Timing

(BURSTEN = 0) 1eeeeeiiieeeeiiee e e et e e e e e e e meee e e e e e nmnee e enneeeas 81
Figure 5.3. Burst Mode Tracking Example with Repeat Count Setto 4 .................. 82
Figure 5.4. ADCO Equivalent Input CirCUItS ........cocueeieeiiiiiiiiieie e 83
Figure 5.5. ADC Window Compare Example: Right-Justified

Single-Ended Data ........oooioiiiiiiiii e 94
Figure 5.6. ADC Window Compare Example: Left-Justified

Single-Ended Data .......cooviiiiiiiiiie e 94
Figure 5.7. ADCO Multiplexer Block Diagram ..........ccceeeriiiiiimiee e 95
Figure 5.8. Temperature Sensor Transfer Function ............ccccocoiiiieenn. 97
Figure 5.9. Temperature Sensor Error with 1-Point Calibration

(VREE = 1:68 V) et 98
Figure 5.10. Voltage Reference Functional Block Diagram ...........cccoceeiiiiiinennen. 100

- ®
@ Rev. 0.3 11

SILICON LABS



C8051F96x

Figure 7.1. Comparator 0 Functional Block Diagram ...........cccceviiiiiiiieeiiiiieenn. 105
Figure 7.2. Comparator 1 Functional Block Diagram ..........cccccevviiiiieeeeeeicieeenn. 106
Figure 7.3. Comparator Hysteresis PIOt ... 107
Figure 7.4. CPn Multiplexer BIOCK Diagram ........ccceeeeeeiiiiiiiiiiee e 112
Figure 8.1. CIP-51 BIOCK Diagram .........ccueiiiiiiiiiiiieeee e 115
Figure 9.1. C8051F96X MemOory Map .......coeeiiiiiiiiiiieiee e 124
Figure 9.2. Flash Program Memory Map .......ooooioiiieeeeeeceeeeeee e 125
Figure 9.3. Address Memory Map for Instruction Fetches ...........cccoeiiiiiiinnen. 126
Figure 10.1. Multiplexed Configuration Example ..., 134
Figure 10.2. Non-multiplexed Configuration Example ...........ccccoeiiiiieeiiiiniiiennnn. 135
Figure 10.3. EMIF Operating MOAES .........ooiiiiiiiiiiiiiiee e 135
Figure 10.4. Non-multiplexed 16-bit MOVX TiMiNG ...cccooiiiiiiiiiiiiiiieeee e 139
Figure 10.5. Non-multiplexed 8-bit MOVX without Bank Select Timing ................ 140
Figure 10.6. Non-multiplexed 8-bit MOVX with Bank Select Timing ..................... 141
Figure 10.7. Multiplexed 16-bit MOVX TimiNg .....c.coeeeeiiiiiieeeeeee e 142
Figure 10.8. Multiplexed 8-bit MOVX without Bank Select Timing ...........cccueeee... 143
Figure 10.9. Multiplexed 8-bit MOVX with Bank Select Timing ........ccccceeeeiiiiinnnes 144
Figure 11.1. DMAQO BIOCK Diagram .......ccuueeiiiiiiiiiieeee e 147
Figure 12.1. CRCO BIOCK Diagram .......ccuueiieiiiiiiieiee e 160
Figure 12.2. Bit Reverse Register ... 167
Figure 13.1. Polynomial Representation ... 168
Figure 14.1. AES Peripheral Block Diagram ..........ccccceeiiiiiiiiiie e 176
Figure 14.2. Key Inversion Data FIOW .........cooooiiiiiiiiiiii e 179
Figure 14.3. AES Block Cipher Data FIOW ..........ccuueiiiiiiiiieeee e 185
Figure 14.4. Cipher Block Chaining MOde .........ccccueiiieiiiiiiiiieee e 190
Figure 14.5. CBC Encryption Data FIOW .........coooiiiiiiiii e 191
Figure 14.6. CBC Decryption Data FIOW ........coooiiiiiiiiiiiii e 195
Figure 14.7. Counter MOde .........oueiiiiiiie e 198
Figure 14.8. Counter Mode Data FIOW .........ocooiiiiiiiiiiii e 199
Figure 16.1. SFR Page Stack ... 217
Figure 16.2. SFR Page Stack While Using SFR Page 0x0 To

Access SMBOADR ... 218
Figure 16.3. SFR Page Stack After SPIO Interrupt OCCUIS .......coooviiiiiiiiiiiiiiieeen. 219
Figure 16.4. SFR Page Stack Upon PCA Interrupt Occurring

During @ SPI0 ISR ... 220
Figure 16.5. SFR Page Stack Upon Return From PCA Interrupt ........cccccoeiiieeeen. 221
Figure 16.6. SFR Page Stack Upon Return From SPIO Interrupt ........ccccooeiinieenn. 222
Figure 18.1. Flash Security EXample ... 252
Figure 19.1. C8051F96x Power Distribution ............ooooiiiiiiiiie e 263
Figure 19.2. Clock Tree Distribution ...........ooviiiiiiiiiiiee e 264
Figure 20.1. Step Down DC-DC Buck Converter Block Diagram .........c.cccccuveeeeen. 274
Figure 22.1. RESEt SOUICES ......uueeiiiiei e 283
Figure 22.2. Power-On Reset Timing Diagram ........ccccoviiiiiiiieeeniciiieeeee e 284
Figure 23.1. Clocking Sources Block Diagram ..........cccooiiiiiieeeiiniiiiieeee e 291
Figure 23.2. 25 MHz External Crystal Example ..., 293

12

. ]
Rev. 0.3 @

SILICON LABS



C8051F96x

Figure 24.1. SmaRTClock BIOCK Diagram ..........cccceeeeiiimieiiiiie e 300
Figure 24.2. Interpreting Oscillation Robustness (Duty Cycle) Test Results ......... 308
Figure 25.1. Pulse Counter Block Diagram .........c..eeeeeiiiiiiiiiiiieieeeee e 317
Figure 25.2. Mode EXamPIES ......coooiiiiiiiiiii e 318
Figure 25.3. Reed Switch Configurations ..........ccccoveeiiiiiiiiii e 319
Figure 25.4. Debounce TiMINgG ......ooiiiiiiiiiee e 323
Figure 25.5. Flutter EXample ...t 325
Figure 26.1. LCD Segment Driver Block Diagram ...........ccccoeveiiiiiiiieeceeeeiieeeenn 339
Figure 26.2. LCD Data Register to LCD Pin Mapping ......cccccceeeeriiiieeeenee e 341
Figure 26.3. Contrast Control MOde 1 .......cooiiiiiiiiiiieee e 343
Figure 26.4. Contrast Control MOde 2 ..........coeiiiiiiiiiie e 344
Figure 26.5. Contrast Control MOde 3 .........ccuiiiiiiiiiiiee e 344
Figure 26.6. Contrast Control MOAE 4 .........ccueiiiiiiiieee e 345
Figure 27.1. Port I/O Functional Block Diagram ...........ccccooviiiiiiiiiiiiiecc e 356
Figure 27.2. Port 1/0 Cell BIoCk Diagram ........ooocueeieieiiiiiiieee e 357
Figure 27.3. Crossbar Priority Decoder with No Pins Skipped ........ccccooeiiiiiiieeeen. 361
Figure 27.4. Crossbar Priority Decoder with Crystal Pins Skipped ...........cccvveeeee. 362
Figure 28.1. SMBuUs BIoCK Diagram .........ccocciieiiiimiiiiiie e 386
Figure 28.2. Typical SMBus Configuration ...........ccooeeiiiiiiiiie e 387
Figure 28.3. SMBUS TranSaction ...........ccuueiiiiiiiiiiiiiee e 388
Figure 28.4. Typical SMBus SCL Generation ..........ccccoviiiiiiiieiiiiieeeee e 390
Figure 28.5. Typical Master Write SEqQUENCEe .........c.cooviiiiiiiiiiiiie e 399
Figure 28.6. Typical Master Read SeqUENCE ..........ccoeeiiiiiiiiiiieieiieeee e 400
Figure 28.7. Typical Slave Write SeqQUENCE ........c..eeeieiiiiiiiiieie e 401
Figure 28.8. Typical Slave Read SeqUENCE .......ccuvveeeiiiiiiiiiiie e 402
Figure 29.1. UARTO BIOCK Diagram ..........ooeiiiiiiiiiieeee e 407
Figure 29.2. UARTO Baud Rate LOQIC .......cocciiiiiiiiiieiieie e 408
Figure 29.3. UART Interconnect Diagram ..........ccccveeeeiiiiiinmieeee e 409
Figure 29.4. 8-Bit UART Timing Diagram ..........ccccueeeeiiiiiiiiiieee e 409
Figure 29.5. 9-Bit UART Timing Diagram .........ccccueeeieiiiiiiiiieee e 410
Figure 29.6. UART Multi-Processor Mode Interconnect Diagram ...............cccees 411
Figure 30.1. SPI BIOCK Diagram ..........ccoeeiiiiiieiiiiiie e 416
Figure 30.2. Multiple-Master Mode Connection Diagram .........cccocccveeeeiiiiiiiiennen. 419

Figure 30.3. 3-Wire Single Master and 3-Wire Single Slave Mode
Connection DIiagram .......ooceiieiieeeeiee s 419

Figure 30.4. 4-Wire Single Master Mode and 4-Wire Slave Mode
Connection Diagram .......ooceeeiiiieeeie e 419
Figure 30.5. Master Mode Data/Clock Timing .........ccoeeiiiiiiiiiiiieiiiieeeee e 421
Figure 30.6. Slave Mode Data/Clock Timing (CKPHA = 0) ......cooiiiiiiiiiiiiiieee. 421
Figure 30.7. Slave Mode Data/Clock Timing (CKPHA = 1) ..oooiiiiiiiieeeeeee. 422
Figure 30.8. SPI Master Timing (CKPHA = 0) .....cuuiiiiiiiiieeeeeeeeee e 426
Figure 30.9. SPI Master Timing (CKPHA = 1) .. 426
Figure 30.10. SPI Slave Timing (CKPHA = 0) ...cccuiiiieeiiieeee e 427
Figure 30.11. SPI Slave Timing (CKPHA = 1) e 427
Figure 32.1. TO Mode 0 BIock Diagram ........cc.cooiiimeiiiniiieeeiieie e 451
@ Rev. 0.3 13

SILICON LABS



C8051F96x

Figure 32.2. TO Mode 2 BIoCk Diagram ........coooieiiiiiiiiiiieeeeeeeeeee e 452
Figure 32.3. TO Mode 3 BIOCK Diagram .........coooicumimiieeiiiiieeeeee e 453
Figure 32.4. Timer 2 16-Bit Mode Block Diagram ..........ccccoecveiiiiiiiiiiiiieec e 458
Figure 32.5. Timer 2 8-Bit Mode Block Diagram ........cccoccoimieeiiiiiiiieeeee e 459
Figure 32.6. Timer 2 Capture Mode Block Diagram ..........cccccveeiiiiiiieeiieniieeeen 460
Figure 32.7. Timer 3 16-Bit Mode Block Diagram ..........ccccoeceiiiiiiiiiiniiiec e 464
Figure 32.8. Timer 3 8-Bit Mode Block Diagram ........cccoocoimieiiiiiiiiiieeee e 465
Figure 32.9. Timer 3 Capture Mode Block Diagram ..........cccccveiiiiiiiieeieiinieeeenn 466
Figure 33.1. PCA BIOCK Diagram ........oooiuuiiiiieieeieiiee et 470
Figure 33.2. PCA Counter/Timer Block Diagram ...........occccoeieieeiiiiiiiieeee e 472
Figure 33.3. PCA Interrupt Block Diagram ..........cceeeeeiiiiiiiiiieeee e 473
Figure 33.4. PCA Capture Mode Diagram .........oocueeeeiiiiiiiiiiiiiee e 475
Figure 33.5. PCA Software Timer Mode Diagram .........ccccovceeeeiiiieneiiiieee e 476
Figure 33.6. PCA High-Speed Output Mode Diagram ..........cccccoviiiiiieeeeiiiicieeeenn. 477
Figure 33.7. PCA Frequency Output Mode .........ceeeeiiiiiiiiiiieeeee e 478
Figure 33.8. PCA 8-Bit PWM Mode Diagram .........cccooiciiiieiiiiiieiiiee e 479
Figure 33.9. PCA 9, 10 and 11-Bit PWM Mode Diagram .......cccccceeeeeeeeeeeiiiiiiiinnns 480
Figure 33.10. PCA 16-Bit PWM MOdE ........occuiiiiiiiiieeeie e 481
Figure 33.11. PCA Module 5 with Watchdog Timer Enabled ...........cccocceeviiineenne 482
Figure 34.1. Typical C2 Pin Sharing .........cooeeiiiiiiiiieee e 493

14

. ]
Rev. 0.3 @

SILICON LABS



C8051F96x

List of Tables

Table 2.1. Product Selection GUIAE .......ccccuumiiiiiiiiiiieieeeee e 35
Table 3.1. Pin Definitions for the C8051F96X .......ccvvvviiiiiiieieeiiiieeeeeeeeeeeeeee 36
Table 3.2. DQFN-76 Package DImENSIONS .........ccoiiiiiiiiiiiiieee e 46
Table 3.3. DQFN-76 Land Pattern DIMmensions ..........cccccveeeeiiiieeceeeeceeeeee 47
Table 3.4. Recomended Inner Via Placement DImensions ............cccceiieinieeeeeeenn. 49
Table 3.5. QFN-40 Package DIMeNSIONS .......ccueeiiiiiiiiiiiiieiee e 50
Table 3.6. QFN-40 Landing Diagram DIimensioNns .........c.eeeeeiiiiiiiieeeee e 51
Table 3.7. TQFP-80 Package DIMENSIONS ..........ueiiiiiiiiiiiiiiee e 52
Table 3.8. TQFP80 Landing Diagram Dimensions ..........cccccoiiiiiiiiiiii e 54
Table 4.1. Absolute Maximum Ratings .........ooiiiiiiiie e 56
Table 4.2. Global Electrical CharacteristiCs ..........uuviiiiiiiiiiiieiiiieeeeeeeeeeeeee 57
Table 4.3. Digital Supply Current at VBAT pin with DC-DC Converter Enabled ..... 57
Table 4.4. Digital Supply Current with DC-DC Converter Disabled ......................... 58
Table 4.5. Port I/O DC Electrical CharacteristiCs ........vvvveeeeeeiiiiiiiiccceeeeeeee 65
Table 4.6. Reset Electrical CharacteristiCs ... 68
Table 4.7. Power Management Electrical Specifications ...........cccooiiiiiiiiiiinennns 69
Table 4.8. Flash Electrical CharacteristiCS .........uuuvviiiiiiiiieiieiiiiiiiieceecceeeeeeee 69
Table 4.9. Internal Precision Oscillator Electrical Characteristics ...........ccccvvvveeeeeee. 69
Table 4.10. Internal Low-Power Oscillator Electrical Characteristics ..........cc.......... 69
Table 4.11. SmaRTClock CharacteristiCs ..........uuueeiiiiiiiiiieeeeieeceeeeeeeccceeeeee 70
Table 4.12. ADCO Electrical CharacteristiCs ..........cuuvviiiiiiiiieiiiiiiiiieicceeeeeeee 70
Table 4.13. Temperature Sensor Electrical Characteristics ...........cccccecviviviiernnnen. 71
Table 4.14. Voltage Reference Electrical Characteristics ...........cooevevccniviviieennnen. 72
Table 4.15. IREFO Electrical CharacteristiCS ..........evveiiiiiiiiiiiiiiiiiieecciveeeeee 73
Table 4.16. Comparator Electrical Characteristics .........cccceeeiiiiiiiiiiiiceeeeee 74
Table 4.17. VREGO Electrical CharacteristiCs .........cuuvvivvieeeeiiiiiiiiieicccceeeeeeee 75
Table 4.18. LCDO Electrical CharacCteriStiCS .........uuuiiiiiiiiiiiieiiiiiiiiiieiccieeeeeeee 76
Table 4.19. PCO Electrical CharacteristiCs .........uueiiiiiiiiiieiiiiiiiieeieeecceeeeeeee 76
Table 4.20. DCO (Buck Converter) Electrical Characteristics .........ccccceviiiieenennnns 77
Table 5.1. Representative Conversion Times and Energy Consumption

for the SAR ADC with 1.65 V High-Speed VREF ..........ccoovveviiiieiiieeen. 85
Table 8.1. CIP-51 Instruction Set Summary ..o 117
Table 10.1. EMIF Pinout (C8051F960/3/6) ........uvvvieeieiiiieeee e eeeirieee e eeineeee e 131
Table 10.2. AC Parameters for External Memory Interface ..........ccccccooiiiiiiennnns 145
Table 12.1. Example 16-bit CRC OULPULS ......cceuviiieeiieee e 161
Table 12.2. Example 32-bit CRC OUIPULS ......c.eeiiiiiiiiiee e 163
Table 14.1. Extended Key Output Byte Order ... 182
Table 14.2. 192-Bit Ky DMA USAQE ....eeveeeiiiiiiiiiee ettt 183
Table 14.3. 256-bit Key DMA USAQE .....coviiiiiiiiiiiie et 183
Table 15.1. Encoder Input and Output Data Sizes ........ccccceiiiiiiiiiii e, 207
Table 15.2. Manchester ENCOING .....cooiiiiiiiiiiiiieieeeee e 208
Table 15.3. Manchester Decoding ........cceeiiiiiiiiiiiie e 209
Table 15.4. Three-out-of-Six Encoding Nibble ... 210

- ®
@ Rev. 0.3 15

SILICON LABS



C8051F96x

Table 15.5.
Table 16.1.
Table 16.2.
Table 16.3.
Table 17.1.
Table 18.1.
Table 19.1.
Table 20.1.
Table 23.1.
Table 23.2.
Table 24.1.
Table 24.2.
Table 24.3.
Table 25.1.
Table 25.2.
Table 25.3.
Table 25.4.
Table 25.5.
Table 25.6.
Table 25.7.
Table 26.1.
Table 27.1.
Table 27.2.
Table 27.3.
Table 28.1.
Table 28.2.
Table 28.3.
Table 28.4.
Table 28.5.

Table 28.6.
Table 29.1.
Table 29.2.
Table 30.1.
Table 31.1.
Table 32.1.
Table 33.1.
Table 33.2.

Table 33.3.

Three-out-0f-Six DeCodiNg .......cooeiiiiiiiiiiee e 211
SFR Map (OXCO—0XFF) ..o 227

SFR Map (0X80—0XBF) .....eeeiiiiiieeeee e 228
Special Function RegiSters ..o 229
INterrupt SUMMANY ... 239
Flash Security SUMMArY ......oooiiiiii e 253
POWETN MOAES ... e e e e e e e eeennees 262
IPeak Inductor Current Limit Settings .......ccooevviiiiiieeiiiiiiieeeee e 275
Recommended XFCN Settings for Crystal Mode ............cccoeeeerrnnnne 293
Recommended XFCN Settings for RC and C modes .......cccccveeeeenn... 294
SmaRTClock Internal Registers ... 301
SmaRTClock Load Capacitance Settings .......ccccovcieeeiiieiiiiiiiieeeeenns 307
SmMaRTCIock Bias Settings ...ccoooviiiiiiiii e 308
Pull-Up Resistor CUIrent ........ooveieeieieeeee e 320
Sample Rate Duty-Cycle MUltiplier ... 320
Pull-Up Duty-Cycle MURIPHEr ........ooeiiiiieeeeeeeeee e 320
Average Pull-Up Current (Sample Rate = 250 US) ..coevveeeeeeeiiiiiiiinnes 321
Average Pull-Up Current (Sample Rate = 500 US) ...ccccvveeeeeeiiiiiineenn. 321
Average Pull-Up Current (Sample Rate =1 ms) ....ooeeeeeeiiiiiiiiiinnns 321
Average Pull-Up Current (Sample Rate =2 mSs) ...ccooeveeviiiiiiiiiiininnes 321
Bit Configurations to select Contrast Control Modes ............ccc.......... 343
Port I/O Assignment for Analog Functions ..........cccccceiiiiiieneinenee. 358
Port I/O Assignment for Digital Functions ...........cccccceeiiiiiieieiinnee 359
Port 1/0O Assignment for External Digital Event Capture Functions .... 359
SMBus Clock Source Selection ..o 390
Minimum SDA Setup and Hold TiMes .......cccccoiiiiiiiiiiiiiieeeeeee 391
Sources for Hardware Changes to SMBOCN ..........cccccoiiiiiiiiiinnnnn, 395
Hardware Address Recognition Examples (EHACK = 1) ................... 396
SMBus Status Decoding With Hardware ACK Generation

Disabled (EHACK = 0) ..uueiieiiie e 403
SMBus Status Decoding With Hardware ACK Generation

Enabled (EHACK = 1) e 405
Timer Settings for Standard Baud Rates

Using The Internal 24.5 MHz Oscillator .........ccccoviiiiiiiiiiiiiieeeeee 414
Timer Settings for Standard Baud Rates

Using an External 22.1184 MHz Oscillator ... 414
SPI Slave Timing Parameters ... 428
SPI Slave Timing Parameters ........c..oooviiiiiiiie e 447
Timer 0 Running MOAES ........ueiiiiiiiiiieeee e 450
PCA Timebase Input Options .......ccoeoiiiiiiiiiee e 471
PCAOCPM and PCAOPWM Bit Settings for PCA

Capture/Compare ModUIES .........coooiiiiiieaiiieiee e 473
Watchdog Timer Timeout Intervalst ........cccuviiiiiiiiiie 483

16

. ]
Rev. 0.3 @

SILICON LABS



C8051F96x

List of Registers

SFR Definition 5.1. ADCOCN: ADCO CONLrOl .....ccoviiiiiiiiiiiiee e 86
SFR Definition 5.2. ADCOCF: ADCO Configuration .........ccceoiiiiiieriiinieeeee e 87
SFR Definition 5.3. ADCOAC: ADCO Accumulator Configuration ..........cccccceevviiineennnn. 88
SFR Definition 5.4. ADCOPWR: ADCO Burst Mode Power-Up Time ........cccccoeviieeenn. 89
SFR Definition 5.5. ADCOTK: ADCO Burst Mode Track Time .......ccccoeeiiieeeieiiiiiieeenn. 90
SFR Definition 5.6. ADCOH: ADCO Data Word High Byte .........coooviiiiiiiieee 91
SFR Definition 5.7. ADCOL: ADCO Data Word Low Byte ........ccueeiiiiiiiiiiiiiieeieee. 91
SFR Definition 5.8. ADCOGTH: ADCO Greater-Than High Byte ..........ccccoceiiiiiiiieeenn. 92
SFR Definition 5.9. ADCOGTL: ADCO Greater-Than Low Byte .........cccceeeiiiiiiiiinnnnn. 92
SFR Definition 5.10. ADCOLTH: ADCO Less-Than High Byte ......ccccoooiiieiiiiiniiiienen. 93
SFR Definition 5.11. ADCOLTL: ADCO Less-Than Low Byte .......cccccooviiiiiiiiiiiiiiieenn. 93
SFR Definition 5.12. ADCOMX: ADCO Input Channel Select ........cccccooiiiiiiiiiiiiiiienn. 96
SFR Definition 5.13. TOFFH: Temperature Sensor Offset High Byte ........cccccoooieeen. 99
SFR Definition 5.14. TOFFL: Temperature Sensor Offset Low Byte ........cccccoviineeeen. 99
SFR Definition 5.15. REFOCN: Voltage Reference Control ...........cccceeiiiiiiiieeeeinnee. 102
SFR Definition 6.1. IREFOCN: Current Reference Control ...........ccccoeviiiiiiniinnnee. 103
SFR Definition 6.2. IREFOCF: Current Reference Configuration ...........ccccceeeernnnnee. 104
SFR Definition 7.1. CPTOCN: Comparator 0 Control ..........ccoooviiiieeiiiiiiiiiieeeee e 108
SFR Definition 7.2. CPTOMD: Comparator 0 Mode Selection .........ccccooiiiieeieinnnnee. 109
SFR Definition 7.3. CPT1CN: Comparator 1 Control .........ccccooviiiiiiiiiiiiiiieeeeeeee 110
SFR Definition 7.4. CPT1MD: Comparator 1 Mode Selection ..........ccccoeciieeeeerrnnnen. 111
SFR Definition 7.5. CPTOMX: ComparatorO Input Channel Select ..............ccceen. 113
SFR Definition 7.6. CPT1MX: Comparatori Input Channel Select ............ccccceennn 114
SFR Definition 8.1. DPL: Data Pointer Low Byte .........ccoiiiiiiiiiiiieeeeee 121
SFR Definition 8.2. DPH: Data Pointer High Byte .........euuiiiiiiiiieeeeee 121
SFR Definition 8.3. SP: Stack POINTEr .....cooii i 122
SFR Definition 8.4. ACC: ACCUMUIALOL ....ooiiiiiiiiiiiiee e 122
SFR Definition 8.5. B: B REQISIEN ...t 122
SFR Definition 8.6. PSW: Program Status Word .........ccceeeeeiiiiiiiieeeee e 123
SFR Definition 9.1. PSBANK: Program Space Bank Select ...........cccccooiiiiieiiiiinnnnn. 127
SFR Definition 10.1. EMIOCN: External Memory Interface Control ............ccccceenne 132
SFR Definition 10.2. EMIOCF: External Memory Configuration ..........ccccccoeeeeinnnnee. 133
SFR Definition 10.3. EMIOTC: External Memory Timing Control ............ccccceeeeinnnnee. 138
SFR Definition 11.1. DMAOEN: DMAOQO Channel Enable ... 150
SFR Definition 11.2. DMAOINT: DMAO Full-Length Interrupt ........ccccoeiiiiiiieeee 151
SFR Definition 11.3. DMAOMINT: DMAO Mid-Point Interrupt ........cccooiiiiiiiiiiiee 152
SFR Definition 11.4. DMAOBUSY: DMAOQ BUSY ...cooiiiiiiiiiiieieeeiiieeee e 153
SFR Definition 11.5. DMAOSEL: DMAO Channel Select for Configuration ................. 154
SFR Definition 11.6. DMAONMD: DMA Channel Mode ...........ccccveeeeeiiiiiiiiieeee e 155
SFR Definition 11.7. DMAONCF: DMA Channel Configuration ............cccccovieeeeinnnnee. 156
SFR Definition 11.8. DMAONBAH: Memory Base Address High Byte .........cc............. 157
SFR Definition 11.9. DMAONBAL: Memory Base Address Low Byte ..........cccceeneeee 157
SFR Definition 11.10. DMAONAOH: Memory Address Offset High Byte .................... 158

- ®
@ Rev. 0.3 17

SILICON LABS



C8051F96x

SFR Definition 11.11. DMAONAOL: Memory Address Offset Low Byte ..................... 158
SFR Definition 11.12. DMAONSZH: Transfer Size High Byte .......ccccccoviiiiiiiiierinnnee. 159
SFR Definition 11.13. DMAONSZL: Memory Transfer Size Low Byte .........cccco....... 159
SFR Definition 12.1. CRCOCN: CRCO CONtrol .......ccoooiieiiiiiiieiiiieee e 164
SFR Definition 12.2. CRCOIN: CRCO Data INput ........ccciiiiiiiieieeeee e 165
SFR Definition 12.3. CRCODAT: CRCO Data Output .........coeeimiiiiiiiiieiiiieeeeeeee 165
SFR Definition 12.4. CRCOAUTO: CRCO Automatic Control .........cccceeviiiiieeeeeennnee. 166
SFR Definition 12.5. CRCOCNT: CRCO Automatic Flash Sector Count ..................... 166
SFR Definition 12.6. CRCOFLIP: CRCO Bit FIIP ..ceveeiiiiiiiiiieeee e 167
SFR Definition 13.1. CRC1CN: CRC1 CoNtrol ........ooooiiiiiiiiieiiieee e 172
SFR Definition 13.2. CRC1IN: CRC1 Data IN .....oooviiiiieeeee e 173
SFR Definition 13.3. CRC1POLL: CRC1 Polynomial LSB .........cccccceiiiiiiiiiieeeeee 173
SFR Definition 13.4. CRC1POLH: CRC1 Polynomial MSB .........cccccooiiiiiiiiieeee e 173
SFR Definition 13.5. CRC1OUTL: CRC1 Output LSB ......cooiiiieeee 174
SFR Definition 13.6. CRC1OUTH: CRC1 Output MSB .......cooiiiiiiiiiiiiieeeeeee 174
SFR Definition 14.1. AESOBCFG: AES Block Configuration ..........ccccoviiiiieeiernnnnee. 202
SFR Definition 14.2. AESODCFG: AES Data Configuration ..........cccccooviiiiieeieiinnnnen. 203
SFR Definition 14.3. AESOBIN: AES BIoCK INPUL ..o 204
SFR Definition 14.4. AESOXIN: AES XOR INPUL ..cooeiiiiiiiiiieeeee e 205
SFR Definition 14.5. AESOKIN: AES Key INpUt ....oooiiiie e 205
SFR Definition 14.6. AESOYOUT: AES Y OUPUL ..coooiiiiiiiiiieee e 206
SFR Definition 15.1. ENCOCN: Encoder Decoder 0 Control .........cccceevviiiiieeeeeeennnee. 214
SFR Definition 15.2. ENCOL: ENCO Data Low Byte .......cccoviiiiiiiiiiieiiiieeeee e 215
SFR Definition 15.3. ENCOM: ENCO Data Middle Byte ..........cooccieeiiiiiiiiiiiiiieeee 215
SFR Definition 15.4. ENCOH: ENCO Data High Byte ........ccooiiiiieiiiiieeeeeee 215
SFR Definition 16.1. SFRPGCN: SFR Page Control ........cccccooiiiiiiiiiiiiieeeee e 223
SFR Definition 16.2. SFRPAGE: SFR Page .......ccooiiiiiiiiiiiieee e 224
SFR Definition 16.3. SFRNEXT: SFR NeXt .....cuuiiiiiiiieeee e 225
SFR Definition 16.4. SFRLAST: SFR LaSt ......c.uvviiiiiiiieee e 226
SFR Definition 17.1. IE: Interrupt ENable ............oooiiiiie e 241
SFR Definition 17.2. IP: Interrupt Priority .......cccueeiieee e 242
SFR Definition 17.3. EIE1: Extended Interrupt Enable 1 ... 243
SFR Definition 17.4. EIP1: Extended Interrupt Priority 1 ..o 244
SFR Definition 17.5. EIE2: Extended Interrupt Enable 2 ... 245
SFR Definition 17.6. EIP2: Extended Interrupt Priority 2 ..........cccooiiiiiiiiii, 246
SFR Definition 17.7. ITO1CF: INTO/INT1 Configuration ... 248
SFR Definition 18.1. DEVICEID: Device Identification ..........cccocceiiiiiiiiiieiee 254
SFR Definition 18.2. REVID: Revision Identification .........cccccooiiiiiiiiiiiiiiiieeee 254
SFR Definition 18.3. PSCTL: Program Store R/W Control .........cccccceiiiiiiiiiiieeinee 258
SFR Definition 18.4. FLKEY: Flash Lock and Key ........c.uvieiiiiiiiiiiieieeeeieeeee e 259
SFR Definition 18.5. FLSCL: Flash Scale ...........ooeiiiiiiieeeeeeee e 260
SFR Definition 18.6. FLWR: Flash Write Only .........oooiiiiiiiieeeeee e 260
SFR Definition 18.7. FRBCN: Flash Read Buffer Control ...........cccocceeiiiiieiiiiiieenee 261
SFR Definition 19.1. PCLKACT: Peripheral Active Clock Enable ..............ccccccoene 265
SFR Definition 19.2. PCLKEN: Peripheral Clock Enable .............cccccciiiiiiiiiiiinnee. 266

18

. ]
Rev. 0.3 @

SILICON LABS



C8051F96x

SFR Definition 19.3. CLKMODE: Clock MOdE .......cccoiiiiiiiiiiiiiiiieee e 267
SFR Definition 19.4. PMUOCF: Power Management Unit Configuration...................... 270
SFR Definition 19.5. PMUOFL: Power Management Unit Flag ........cccccooiiieininnnnnne. 271
SFR Definition 19.6. PMUOMD: Power Management Unit Mode ............ccccceeeeeenneee. 272
SFR Definition 19.7. PCON: Power Management Control Register ............cccccoenee.e. 273
SFR Definition 20.1. DCOCN: DC-DC Converter Control ..........ccoeeeeeiiiiiiiiieeeeeeeee 278
SFR Definition 20.2. DCOCF: DC-DC Converter Configuration ..........cccccceeeeeeennnee. 279
SFR Definition 20.3. DCOMD: DC-DC Converter Mode ...........ccccueeeeeiiiiiiiiieeeeeeee 280
SFR Definition 20.4. DCORDY: DC-DC Converter Ready Indicator ...........ccccceeenneeee. 281
SFR Definition 21.1. REGOCN: Voltage Regulator Control ..........ccccceiriiiiiiineeninnee. 282
SFR Definition 22.1. VDMOCN: VDD Supply Monitor Control ........ccccceviiiiieeeiinnee. 287
SFR Definition 22.2. RSTSRC: Reset SOUICE ... 290
SFR Definition 23.1. CLKSEL: CIoCk SeleCt ... 296
SFR Definition 23.2. OSCICN: Internal Oscillator Control ...........ccceeeeiiiiiiiieeeeenee 297
SFR Definition 23.3. OSCICL: Internal Oscillator Calibration ..........cccccooiiiiiiiirnnnnnn. 298
SFR Definition 23.4. OSCXCN: External Oscillator Control ...........cccceeviiiiiieeeeeenneee. 299
SFR Definition 24.1. RTCOKEY: SmaRTClock Lock and Key ........cccccoiiiiiiieeiinnee. 303
SFR Definition 24.2. RTCOADR: SmaRTClock AdAress ........ooocuuiieeeiiiiiiiiieeeeeee 303
SFR Definition 24.3. RTCODAT: SmaRTClock Data ........ccccoeeiiiiiiieiieiieeeeeee 304
Internal Register Definition 24.4. RTCOCN: SmaRTClock Control .............ccoeeiinnees 311
Internal Register Definition 24.5. RTCOXCN: SmaRTClock

OsCillator CONTIOl oo 312
Internal Register Definition 24.6. RTCOXCF: SmaRTClock

Oscillator Configuration .........ooeiiiii e 313
Internal Register Definition 24.7. RTCOCF: SmaRTClock Configuration .................... 314
Internal Register Definition 24.8. CAPTUREN: SmaRTClock Timer Capture ............. 315
Internal Register Definition 24.9. ALARMOBN: SmaRTClock Alarm 0

MatCh ValUE ... 315
Internal Register Definition 24.10. ALARM1Bn: SmaRTClock Alarm 1

MALCh VAlUE ...ooiiii e 316
Internal Register Definition 24.11. ALARM2Bn: SmaRTClock Alarm 2

MaLCh VAlUE ...ooeiieee e 316
SFR Definition 25.1. PCOMD: PCO Mode Configuration .............ccccceiiiiiiiieeineeennee 326
SFR Definition 25.2. PCOPCF: PCO Mode Pull-Up Configuration ...........ccccccceeeenneee. 327
SFR Definition 25.3. PCOTH: PCO Threshold Configuration ...........cccccoeiiiiieeieiinnnee. 328
SFR Definition 25.4. PCOSTAT: PCO Status ......eooeiiiiiiiieieeeeeeeeee e 329
SFR Definition 25.5. PCODCH: PCO Debounce Configuration High .............c............. 330
SFR Definition 25.6. PCODCL: PCO Debounce Configuration LOW .........ccccceeeeennneee. 331
SFR Definition 25.7. PCOCTROH: PCO Counter 0 High (MSB) ......cccooiiiiiiiiiiiiee 332
SFR Definition 25.8. PCOCTROM: PCO Counter 0 Middle ..........coooviieiiiiiieeiiieeeeee 332
SFR Definition 25.9. PCOCTROL: PCO Counter 0 Low (LSB) ......coooiiiiiiiiiieeee 332
SFR Definition 25.10. PCOCTR1H: PCO Counter 1 High (MSB) ... 333
SFR Definition 25.11. PCOCTR1M: PCO Counter 1 Middle ........cccooiiiiiiiiiiiiiiieeeee 333
SFR Definition 25.12. PCOCTR1L: PCO Counter 1 Low (LSB) ......coooiiiiiiiiiiiieeee 333
SFR Definition 25.13. PCOCMPOH: PCO Comparator 0 High (MSB) .........ccccccoennee 334

- ®
@ Rev. 0.3 19

SILICON LABS



C8051F96x

SFR Definition 25.14. PCOCMPOM: PCO Comparator 0 Middle ............ccccvveeeerennneee. 334
SFR Definition 25.15. PCOCMPOL: PCO Comparator 0 Low (LSB) .......ccccvvveeeeenneee. 334
SFR Definition 25.16. PCOCMP1H: PCO Comparator 1 High (MSB) ........cccccccernne 335
SFR Definition 25.17. PCOCMP1M: PCO Comparator 1 Middle ...........cccccvveeeeennnneee. 335
SFR Definition 25.18. PCOCMP1L: PCO Comparator 1 Low (LSB) .....cccccecimvrriinnnnnne. 335
SFR Definition 25.19. PCOHIST: PCO HiStOry .....oooviiiiiieee e 336
SFR Definition 25.20. PCOINTO: PCO Interrupt O ....coooeiiieieeeeeeee e 337
SFR Definition 25.21. PCOINT1: PCO Interrupt 1 ...cooiiieeee e 338
SFR Definition 26.1. LCDODN: LCDO Data ........eeeeeeiiiiiiiiiieeeeeeiieeeee e 340
SFR Definition 26.2. LCDOCN: LCDO Control Register ... 342
SFR Definition 26.3. LCDOCNTRST: LCDO Contrast Adjustment ............ccccceeeernnnnee. 346
SFR Definition 26.4. LCDOMSCN: LCDO Master Control .........cccueeeeiiiiiiiiiieeeeeeeee 347
SFR Definition 26.5. LCDOMSCF: LCDO Master Configuration ..........ccccccveeeeeennnnneee. 348
SFR Definition 26.6. LCDOPWR: LCDO POWET .....ccooiiiiiiiiiieeeeiiiieeeee e 348
SFR Definition 26.7. LCDOVBMCN: LCDO VBAT Monitor Control ..........ccccceeerenneee. 349
SFR Definition 26.8. LCDOCLKDIVH: LCDO Refresh Rate Prescaler High Byte ........ 350
SFR Definition 26.9. LCDOCLKDIVL: LCD Refresh Rate Prescaler Low Byte ........... 350
SFR Definition 26.10. LCDOBLINK: LCDO BIinNk Mask ........c.ccooiiiiiiiiiiiiiiieeee e 351
SFR Definition 26.11. LCDOTOGR: LCDO Toggle Rate .......cooooiieeeiiiiiiiiieeeee e 352
SFR Definition 26.12. LCDOCF: LCDO Configuration ...........ccooccvieieriiiiniiieieeee e 353
SFR Definition 26.13. LCDOCHPCN: LCDO Charge Pump Control ...........cccccoeeenneee 353
SFR Definition 26.14. LCDOCHPCF: LCDO Charge Pump Configuration .................. 354
SFR Definition 26.15. LCDOCHPMD: LCDO Charge Pump Mode ..........cccceeeveernnnnee. 354
SFR Definition 26.16. LCDOBUFCN: LCDO Buffer Control ..........cccceeiiiiiiiiiineeeee 354
SFR Definition 26.17. LCDOBUFCF: LCDO Buffer Configuration ............cccccceeeienneee. 355
SFR Definition 26.18. LCDOBUFMD: LCDO Buffer Mode .........cccuveeiiiiiiiiiiiecee 355
SFR Definition 26.19. LCDOVBMCF: LCDO VBAT Monitor Configuration .................. 355
SFR Definition 27.1. XBRO: Port I/O Crossbar Register 0 .........cccceeeeeiiiiiiiieeeeeeee 363
SFR Definition 27.2. XBR1: Port I/O Crossbar Register 1 ... 364
SFR Definition 27.3. XBR2: Port I/O Crossbar Register 2 .........ccooeeiiiiiiiiiiiieeeee 365
SFR Definition 27.4. POMASK: Port0 Mask Register ... 366
SFR Definition 27.5. POMAT: Port0 Match Register ........cccooiiii 366
SFR Definition 27.6. PIMASK: Port1 Mask Register ... 367
SFR Definition 27.7. PIMAT: Port1 Match Register ........ccoooiiiiiee 367
SFR Definition 27.8. PO: POMO ....coooiiiiiieei e 369
SFR Definition 27.9. POSKIP: POrt0 SKIp ...ccooiiiiiiieee e 369
SFR Definition 27.10. POMDIN: Port0 Input Mode .........cccoeieiiiiieeeeeee e 370
SFR Definition 27.11. POMDOUT: Port0 Output Mode .........coooiiiiiiiiiiiiiiiieeeee e 370
SFR Definition 27.12. PODRV: Port0 Drive Strength ... 371
SFR Definition 27.13. P1: POt oo 371
SFR Definition 27.14. P1SKIP: Port1 SKIp ..cooooeiiieeeeeeee e 372
SFR Definition 27.15. PIMDIN: Port1 Input Mode ..o 372
SFR Definition 27.16. PIMDOUT: Port1 Output Mode .......coeeiviiiiiiiiiieiiiiieeeee e 373
SFR Definition 27.17. P1DRV: Port1 Drive Strength ... 373
SFR Definition 27.18. P2: POIM2 ... 374

20

. ]
Rev. 0.3 @

SILICON LABS



C8051F96x

SFR Definition 27.19. P2SKIP: POrt2 SKip ...cooceeiieeeee e 374
SFR Definition 27.20. P2MDIN: Port2 Input Mode .........c.coeeeiiiiiiiiiee e 375
SFR Definition 27.21. P2MDOUT: Port2 Output Mode ..o 375
SFR Definition 27.22. P2DRV: Port2 Drive Strength ... 376
SFR Definition 27.23. P3: POI3 ... 376
SFR Definition 27.24. P3MDIN: Port3 Input Mode ..o 377
SFR Definition 27.25. PSMDOUT: Port3 Output Mode .......cccooiiiiiiiiiiiiiiiieeeeee e 377
SFR Definition 27.26. P3DRV: Port3 Drive Strength ... 378
SFR Definition 27.27. P4: POI4 ...t 378
SFR Definition 27.28. PAMDIN: Port4 Input Mode .........c.oeeeiiiiiieeeeeee e 379
SFR Definition 27.29. PAMDOUT: Port4 Output Mode ..o 379
SFR Definition 27.30. PADRV: Port4 Drive Strength ... 380
SFR Definition 27.31. P5: POIS .o 380
SFR Definition 27.32. PSMDIN: Port5 Input Mode ..........c.oooviiiiiieeeec 381
SFR Definition 27.33. PSMDOUT: Port5 Output Mode ..o 381
SFR Definition 27.34. P5DRV: Port5 Drive Strength ... 382
SFR Definition 27.35. PB: POIB ..o 382
SFR Definition 27.36. PBMDIN: Port6 Input Mode ..........c..oooiiiiiieeeee 383
SFR Definition 27.37. P6BMDOUT: Port6 Output Mode .......cccooviiiiiiiiiiiiiiieeeee e 383
SFR Definition 27.38. P6DRV: Port6 Drive Strength ... 384
SFR Definition 27.39. P7: POI7 ..o 384
SFR Definition 27.40. P7MDOUT: Port7 Output Mode .......cccooiiiiiiiiiiiiiiieeeee e 385
SFR Definition 27.41. P7DRV: Port7 Drive Strength ... 385
SFR Definition 28.1. SMBOCF: SMBus Clock/Configuration ..........ccccceiiiiiiiiiiiinnne. 392
SFR Definition 28.2. SMBOCN: SMBuUS CONtrol ......coooiiiiiiiieeeeeee e 394
SFR Definition 28.3. SMBOADR: SMBus Slave Address ..........cccceeeveeiiiiiiieeee e 396
SFR Definition 28.4. SMBOADM: SMBus Slave Address Mask ..........cccecuveeeeeennnnnee. 397
SFR Definition 28.5. SMBODAT: SMBUS Data ......cccooviiiiiiiiiiiiiiieee e 398
SFR Definition 29.1. SCONO: Serial Port 0 Control ..o 412
SFR Definition 29.2. SBUFO0: Serial (UARTO) Port Data Buffer .........cccoociieeiiinnnnne. 413
SFR Definition 30.1. SPIOCFG: SPI0 Configuration .........ccccoeiiiiiiiieiiiiiieeee e 423
SFR Definition 30.2. SPIOCN: SPI0 CoNtrol ........coooi i 424
SFR Definition 30.3. SPIOCKR: SPI0 Clock Rate ........cceeeeeiiiiiiiiieee e 425
SFR Definition 30.4. SPIODAT: SPI0 Data .......c.ceeeeeiiiiiiiieeeeeeeeee e 425
SFR Definition 31.1. SPI1TCFG: SPI1 Configuration .........ccccooiiiiiieiiiiiieeeeeeee 442
SFR Definition 31.2. SPITCN: SPI1T CoNtrol ..o 443
SFR Definition 31.3. SPITCKR: SPI1 Clock Rate .......ccceieeiiiiiiieee e 444
SFR Definition 31.4. SPITDAT: SPIT Data .....c.coeeveiiiieeeeeeee e 444
SFR Definition 32.1. CKCON: Clock Control ..o 449
SFR Definition 32.2. TCON: Timer CoNtrol .........coooiiiiiiiiiiiieeiee e 454
SFR Definition 32.3. TMOD: Timer MOAE .........uuviiiiiiiiieieeeeeieeee e 455
SFR Definition 32.4. TLO: Timer 0 LOW Byte ......eeeeeiiiieee e 456
SFR Definition 32.5. TL1: Timer 1 LOW Byte ....uvveieeiiieeeeeeee e 456
SFR Definition 32.6. THO: Timer 0 High Byte ......cooviiiiiiiieeeeeee e 457
SFR Definition 32.7. TH1: Timer 1 High Byte ......cooiiiii e 457

- ®
@ Rev. 0.3 21

SILICON LABS



C8051F96x

SFR Definition 32.8. TMR2CN: Timer 2 Control ... 461
SFR Definition 32.9. TMR2RLL: Timer 2 Reload Register Low Byte .........cccccenn.....e 462
SFR Definition 32.10. TMR2RLH: Timer 2 Reload Register High Byte ...................... 462
SFR Definition 32.11. TMR2L: Timer 2 Low Byte .....cooiiiiiiiiiee e 463
SFR Definition 32.12. TMR2H Timer 2 High Byte ... 463
SFR Definition 32.13. TMR3CN: Timer 3 Control .........ccueeviiiiiiieeeeee e 467
SFR Definition 32.14. TMR3RLL: Timer 3 Reload Register Low Byte .........cc............. 468
SFR Definition 32.15. TMR3RLH: Timer 3 Reload Register High Byte ...................... 468
SFR Definition 32.16. TMRS3L: Timer 3 Low Byte ......occuiiiiiiiiiieeeee e 469
SFR Definition 32.17. TMR3H Timer 3 High Byte ... 469
SFR Definition 33.1. PCAOCN: PCA Control ........coooiiiiiieieieeeee e 484
SFR Definition 33.2. PCAOMD: PCA MOGE .......ooiiiiiiiiiiiieeeeeeieeee e 485
SFR Definition 33.3. PCAOPWM: PCA PWM Configuration ..........cccccooviiiiiieeeeeeennee. 486
SFR Definition 33.4. PCAOCPMn: PCA Capture/Compare Mode ..........ccccveeeeeeennneee. 487
SFR Definition 33.5. PCAOL: PCA Counter/Timer Low Byte ........ccccooiiiiiiiiiniiiiiee 488
SFR Definition 33.6. PCAOH: PCA Counter/Timer High Byte ........cccccoiiiiiieininne 488
SFR Definition 33.7. PCAOCPLn: PCA Capture Module Low Byte ..........ccceeveeeennneee. 489
SFR Definition 33.8. PCAOCPHnN: PCA Capture Module High Byte ..........ccccccoenn 489
C2 Register Definition 34.1. C2ADD: C2 AdAIeSS .....occuuieieeeeeiiiiiieee e 490
C2 Register Definition 34.2. DEVICEID: C2 Device ID ... 491
C2 Register Definition 34.3. REVID: C2 ReVvision ID .........cooiiiiiiiiiiiiieeeeee e 491
C2 Register Definition 34.4. FPCTL: C2 Flash Programming Control ........................ 492
C2 Register Definition 34.5. FPDAT: C2 Flash Programming Data ...........cccccceeeneee 492

. &
22 Rev. 0.3 @

SILICON LABS



C8051F96x

1. System Overview

C8051F96x devices are fully integrated mixed-signal System-on-a-Chip MCUs. Highlighted features are
listed below. Refer to Table 2.1 for specific product feature selection and part ordering numbers.

m Power efficient on-chip dc-dc buck converter.

m High-speed pipelined 8051-compatible microcontroller core (up to 25 MIPS)

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

m  True 10-bit 300 ksps, or 12-bit 75 ksps single-ended ADC with 16 external analog inputs and 4 internal
inputs such as various power supply voltages and the temperature sensor.

m 6-Bit Programmable Current Reference

m Precision programmable 24.5 MHz internal oscillator with spread spectrum technology.

m 128 kB, 64 kB, 32 kB, or 16 kB of on-chip flash memory

m 8448 or 4352 bytes of on-chip RAM

m 128 Segment LCD Driver

m SMBus/I?C, Enhanced UART, and two Enhanced SPI serial interfaces implemented in hardware

m Four general-purpose 16-bit timers

m Programmable Counter/Timer Array (PCA) with six capture/compare modules and Watchdog Timer
function

m Hardware AES, DMA, and Pulse Counter

m  On-chip Power-On Reset, Vpp Monitor, and Temperature Sensor

m Two On-chip Voltage Comparators.

m 57 or 34 Port I/O

With on-chip Power-On Reset, Vpp monitor, Watchdog Timer, and clock oscillator, the C8051F96x devices
are truly stand-alone System-on-a-Chip solutions. The flash memory can be reprogrammed even in-circuit,
providing non-volatile data storage, and also allowing field upgrades of the 8051 firmware. User software
has complete control of all peripherals, and may individually shut down any or all peripherals for power
savings.

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

Each device is specified for 1.8 to 3.8 V operation over the industrial temperature range (—40 to +85 °C).
The Port I/O and RST pins are tolerant of input signals up to VIO + 2.0 V. The C8051F960/2/4/6/8 are
available in a 76-pin DQFN package and an 80-pin TQFP package. The C8051F961/3/5/7/9 are available
in a 40-pin QFN package. All package options are lead-free and RoHS compliant. See Table 2.1 for order-
ing information. Block diagrams are included in Figure 1.1 through Figure 1.16.
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Figure 1.1. C8051F960 Block Diagram
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Figure 1.2. C8051F961 Block Diagram
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Figure 1.3. C8051F962 Block Diagram
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Figure 1.4. C8051F963 Block Diagram
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