Si106x/108x

Ultra Low Power, 64/32 kB, 10-Bit ADC

SILICON LABS MCU with Integrated 240-960 MHz EZRadioPRO® Transceiver

Ultra-low power 8051 uC Core

- 25 MHz, single-cycle 8051 compatible CPU
- 25 MIPS peak throughput with 25 MHz clock
- Industry's lowest active and sleep currents
- 160 yA/MHz: active mode
- 10 nA sleep with brownout detectors disabled
- 50 nA sleep with brownout detectors enabled
- 600 nA sleep with internal RTC
- 2 ys wake-up time
- On-chip debug

Memory
- Up to 64 kB of flash and 4 kB of RAM

Peripherals

- 10-bit analog-to-digital converter
- Temperature sensor
- Dual comparators
- 11 general purpose 1/O
- UART, SPI, I°C
- Four general purpose 16-bit counter/timers
- Precision internal oscillators
- 24.5 MHz with +2% accuracy
- Low power 20 MHz internal oscillator
- External oscillator: crystal, RC, C, CMOS clock
RTC: 32.768 kHz crystal or self-oscillate

Transceiver Features (Si1060)

- Data rate up to 1 Mbps
- 142-1050 MHz frequency range
- On-chip crystal tuning

- —126 dBm receive sensitivity @ 500 bps, GFSK

- Modulation: OOK, (G)FSK, and 4(G)FSK
- Up to +20 dBm output power

- 10/13 mA RX
- 18 mA TX at +10 dBm
- 30 nA shutdown, 50 nA standby
- Fast wake and hop times
- Excellent selectivity performance
- 60 dB adjacent channel
- 73 dB blocking at 1 MHz
- Antenna diversity and T/R switch control
- Highly configurable packet handler
- TX and RX 64 byte FIFOs
- Auto frequency control (AFC)
- Automatic gain control (AGC)
- |IEEE 802.15.4g compliant

System

- Supply voltage: 1.8 t0 3.6 V
- 0.9-3.6 V operation with built-in dc-dc converter
- Brownout detectors cover sleep and active modes
- Low battery detector
- Low BOM count
- 5x6 36-pin QFN package

Applications

- Home automation

- Home security

- Remote control

- Garage door openers

- Remote keyless Entry

- Home health care

- Smart metering

- Building Lighting control

- Building HVAC control

- Fire and Security monitoring
- Security and Access control

. - Telemetry
- Low power consumptlon
Power On CIP-51 8051 Analog Peripherals RF XCVR
Reset/PMU Controller Core
[wate Flash Internal - External
Reset Program Memory
. e ™
RST/C2CK[X] Debug /
=
I: I} RXn
c20 CRC CP1C22'1‘;P°A goni & Wier
VDD/DC+ VREG [— Engine : 1 [> pea
Analog | | Digital [ anc
Power | Power SYSCLK Comparators I
GND/DC-[X= = |
| : Precision SBFR MF"”d:zm
______ us — -
I 1 é“ﬁ.lwz ] Digital Peripherals Packet
veaT[q! DC/DC | scillator Handler
| Converter : Low Power Transceiver Control Interface | A
L e e Digital
X 20 MHZ > Logic <X GPIO
GND é Oscillator UART
— External
POZXTALT = ilator | Timers 0, osc I XIN
PO.3/XTAL2 —»  Circuit le] 1,2,3 © - XouT
Priority
XTAL3 PCA/ Crossbar LDO
X Sng)aF{'II;C‘Iock Decoder POR VoD
XTAL4X scillator
System Clock Port 110 | 11 L, ANALOG &
Configuration SPI0_Je Config DIGITAL I/O

Rev. 1.0 2/13

Copyright © 2013 by Silicon Laboratories Si106x/108x


http://www.silabs.com

Rev. 1.0

SILICON LABS



Si1106x/108x

Table of Contents

1. SYSTEM OVEIVIEW ...t e ettt e e e e e e e e e e e e e e e e eeeeassannnna s 15
1.1. Typical Connection Diagram ..........coooiiiiiiiiiiieeee e 17
1.2. CIP-51™ Microcontroller COre .........cooiiiiiiiiiiiiiieeeee e 18
1.3, Port INPUY/OULPUL ... e e e 19
L S 1= = I o] o (R 20
1.5. Programmable Counter ArTay...........oouuuiiiiiiiiiee e 20
1.6. 10-bit SAR ADC with 16-bit Auto-Averaging Accumulator and Autonomous Low

POWEr BUISt MOTE. ...t e e e e e e e 21
1.7, COMPATALOIS.....ceiiiieiitcc e e e e e e e e e e e e e e e et e e e e e e e e aaaaees 22

2. Si1106x/108x Ordering INfOrmatioN..........uueeeiiiiiiie e 24

3. Pinout and Package Definitions .......cccccuiiiiiiiiiiiiiieeeeeeee e 25

4. Electrical CharaCteriStiCS ..ot 42
4.1. Absolute Maximum SpecificationsS...............uiiiiiiie i 42
4.2. MCU Electrical CharacteristiCs ............ouuuiuiiiiiiiiiie e 43
4.3. Radio Electrical CharacterisStiCS.........cccccuuuiiiiiiiiiiiiiiiiieeeeee e 67

5. 10-Bit SAR ADC with 16-bit Auto-Averaging Accumulator and Autonomous Low

POWET BUIST MOAE ... e e e e e e e e e e e e e e e s s 78
5.1. Output Code FOrmatting .......cccooeeeeiiiiiiiieeeeeece e 78
I \Y (oo (ST o) B0 oY = 11T o U 80
5.3, 8-Bit MOE ...t aaaaaaas 85
5.4. Programmable WIindow DetecCtor............oouuueiiiiiiiiiiieeee e 92
5.5. ADCO ANAlog MUIIPIEXET ...ttt 95
5.6. TEMPErature SENSON..........uueiiiiieie e e e e e e e e 97
5.7. Voltage and Ground Reference Options ............ccceiiiiiiiiiiiiiiiiieeeeee 100
5.8. External Voltage ReferenCes............uuuuiiiiiiiiiiiiiii e 101
5.9. Internal Voltage References.............uuueiiiiiiiiiiieeee e 101
5.10. Analog Ground RefErencCe...........cooooeiiiiiiiiiiccc e 101
5.11. Temperature Sensor Enable ... 101
5.12. Voltage Reference Electrical Specifications..........ccccceeeiiiiiiieiiiiiiiiccin, 102

IO o] 0 T o L= T =10 ] £ TSP 103
6.1. CompParator INPULS.......oeeeeiieee e 103
6.2. Comparator OUIPULS ......eeeeiiiee e s 104
6.3. Comparator ReESponse TiMe ........coooiiiiiiiieeecc e 105
6.4. Comparator HYSIEreSiS . ......ccciiiiiiiiiiiiee e 105
6.5. Comparator Register Descriptions ...........oooeviiiiiiiiiiiiiee e 106
6.6. ComparatorO and Comparator1 Analog Multiplexers ...............ooovvrviiiirciieenn.. 110

7. CIP-51 MICIOCONTIOIBI .. 113
400 T =Y o5 0 = o SO 113
7.2. Programming and Debugging Support.............eeiiiiiiiiiieieeeeeee 114
7.3. INSIFUCLION Set... .o 114
7.4. CIP-51 Register DescCriptions .........ccooiiiiiiiieeie e 119

8. MemOry OrganiZation ........cciieei i e e e e e e e aaaaas 122
8.1. Program MEMIOIY ........cooi oo 124

) Rev. 1.0 3

SILICON LABS



Si106x/108x

8.2. Data IMEIMOIY ...t a e e e e as 125
9. ON-ChiP XRAM ettt e e e e e e e e e e e e e e e e bbb e e e 127
9.1. AcCesSING XRAM ... e a e 127
9.2. Special FuNction REGISErS..........uuuiiiiiiiiiiiiiieeeee e 128
10. Special FUNCLION REQISIEIS ...uvuuiiiiii i 129
0 TR S T = T 1 Vo PSP 130
11, INTErruPt HANAIET .. 137
11.1. Enabling Interrupt SOUICES .........ooommmieiee e, 137
11.2. MCU Interrupt Sources and VECIOrS. .......ccooiiiiieeieeeeieeeeeeeer e 137
G TR 101 Y U] o e T (= 138
T1.4. Interrupt LatenCy ... 138
11.5. Interrupt Register DeSCrpPtioNS ......ovvviiiiiiiiiae e 140
11.6. External Interrupts INTO and INT ... 147
D2 = 1 o T\ =T 1 4 o T Y2 149
12.1. Programming the Flash Memory ... 149
12.2. Non-Volatile Data Storage............oooiiiiiiiiiiiiiiceee e 151
12.3. SECUritY OPLIONS ....eeiiiee e 151
12.4. Determining the Device Part Number at Run Time .............coooiiiiiiiiiinenee. 154
12.5. Flash Write and Erase GUIdEliNES ...........coiiiiiiiiiieiiiie e 154
12.6. Minimizing Flash Read Current .............cccceeeiiiiiiiiiiiiiieeeece e 156
13. POWEr ManaAgEMENT ....... ittt e et e e e e et e e e e ee et e e e e e eeenna e eeas 160
S TR I [T g ¢ = 1Y/ o T L= R 161
R T2 o 1= 1Y o o = USSR 162
L IEC TG TS o] o 1V o o [ 162
13.4. SUSPENA MOGE ... e e e e e e e e e e 163
13.5. SIEEP MOAE ...t a e e e 163
13.6. Configuring Wakeup SOUICES.........cooiiiiiiiiiiiiiiie e 164
13.7. Determining the Event that Caused the Last Wakeup..........ccccceeevveeeeennnnnnn. 164
13.8. Power Management Specifications ... 166
14. Cyclic Redundancy Check Unit (CRCO).......ccuuiuiiiiiiiiiiaiieeeeeeeeeeeeeeeeeeii s 167
14.1. 16-bit CRC AlGOrithm......coe i 167
14.2. 32-bit CRC AIGOIithM ... 169
14.3. Preparing for a CRC Calculation .............ccuuiiiiiiiiiee 170
14.4. Performing a CRC Calculation ............cccuiiiiiiiiiiiiiceeee e 170
14.5. Accessingthe CRCO RESUIt...........oovvmiiiiiiiiii e 170
14.6. CRCO Bit Reverse Feature...........ooooveeiiiiii e 174
15. On-Chip DC-DC Converter (DCO).......ccouueiiiiiiiieiiiiiiiitie et 175
15.1. Startup BEhAVIOr........iie e 176
15.2. High Power AppliCatioNs........coooiiiii e 177
15.3. Pulse SKIipping MOE..........ccooiiiieeeee e 177
15.4. Enabling the DC-DC CONVEMEr .........ovviviiiiiiie e 177
15.5. Minimizing Power Supply NOISE ........cccciiiiiiiiieieieee e 179
15.6. Selecting the Optimum Switch Size.........cccoooviiiiiiiii e 179
15.7. DC-DC Converter Clocking OptionS .........cciiiiiiieiieieeieeeeeeeeceeeee e 179
15.8. DC-DC Converter Behavior in Sleep Mode...........coooiiiiiiiiiiiiiiiieeeeeeeeeee 180
4 Rev. 1.0 )

SILICON LABS



Si1106x/108x

15.9. DC-DC Converter Register Descriptions ... 181
15.10. DC-DC Converter Specifications ...........cccooevuiiiiiiiiiiiieeeeeeeiee e 183
16. Voltage Regulator (VREGO).......u it 184
16.1. Voltage Regulator Electrical Specifications..............ooooviiiiiiiiiiiiiieeeeeee 184
17. RESEE SOUICES ..ottt ettt e et e e et e e et e e e e e e eetn e e e e eennnnaeeeas 185
17.1. MCU Power-On (VBAT Supply Monitor) Reset...........ccccoriiiiiiiiiiiiiiiiiee 186
17.2. Power-Fail (VDD_MCU Supply Monitor) Reset..........ccccooiiiiiiiiiiiiiiii 187
17.3. EXternal RESEt. ... ..o 189
17.4. Missing Clock Detector Reset ... 189
17.5. ComparatorQ RESEL .......ccooiii e 190
17.6. PCA Watchdog Timer RESEet .......ooovvmmiiiiiiiiii e 190
17.7. FIash Error RESEt ... ..o 190
17.8. SmaRTClock (Real Time Clock) Reset ... 190
17.9. SOftWAre RESEL ... 190
18. ClOCKING SOUICES... .o ittt e e e e e e e e e e e e e sebab s 192
18.1. Programmable Precision Internal Oscillator ............cccccooiiiiiiiiiiiiiiiiiiee 193
18.2. Low Power Internal OsCillator...........ccccuiiiiiiiiiiieeee e 193
18.3. External Oscillator Drive CirCUIt.............ueioiiieieee e 193
18.4. Special Function Registers for Selecting and Configuring the System Clock 197
19. SmaRTClock (Real Time ClIOCK)....cccooiiiiiiiieecc e 200
19.1. SMaRTCIocK INterface ... 200
19.2. SmaRTClock CloCKING SOUICES ......cccoiiiiiiiiiiieeeeeeee e 207
19.3. SmaRTClock Timer and Alarm FUNCLON ... 211
20. Si106X/108XPOrt INPUL/OULPUL.....coiiiieieeeeie e 217
20.1. Port I/O Modes of Operation...........cooouveeiiiiiiiiiiiiiiee e 218
20.2. Assigning Port I/O Pins to Analog and Digital Functions.................ccccccene.... 219
20.3. Priority Crossbar DECOUET ...........uuuiiiiiiiiiiiiiiieeee e 221
20.4. POt MAtCR ..o aaaaaaaeas 226
20.5. Special Function Registers for Accessing and Configuring Port I/O ............. 229
21, CoNtrOller INTEITACE ... i 238
21.1. Serial Interface (SPIT) ..o 238
21.2. Fast Response Registers (Si1060/61/62/63 and Si1080/81/82/83) .............. 241
21.3. Operating Modes and TimiNg ...........eeeeeieriiiiiiiii e 241
21.4. Application Programming Interface (API1) ... 246

2 T T €1 ] O PSP 247
22. Radio 142-1050 MHz Transceiver Functional Description ........cccccceeeeeeeeennn. 248
23. Modulation and Hardware Configuration OptioNnS..........cccoovvvviiiiiiiiiiiiiiiieeee 249
P20 T R Y/ oo [ F= o] o T I8/ 0 L= S 249
23.2. Hardware Configuration OptionS ...........coeeiiiiiiiiiiiiiiieeeeeeee e 249
23.3. Preamble Length ... ..o 250
24. Internal Functional BIOCKS .......oooiiiiiii e 252
2t T G o - 11 o T PSR 252
P22 ) G 1Y/ [ Yo [T o PP 253
24.3. SYNTNESIZEN ... ..ot —————— 255

24 .4, TransSmMItter (TX) ..o e e e e e aaeeas 258

) Rev. 1.0 5

SILICON LABS



Si106x/108x

24.5. Crystal OSCIllator .........cooo i 261
25. Data Handling and Packet Handler ..........cccccoiiiiiiiiiiiiiiiieess e 262
25 1. RX AN TX FIFOS ...ttt e e e e aaaeeas 262
25.2. Packet HaNAIEr ........oooeeeeieeee et 262
26. RX Modem Configuration ..........ccooiiiiiiiiiccce e e e 263
27. AUXIIIAIY BIOCKS .ot 263
27.1. Wake-Up Timer and 32 kHz CloCK SOUICE..........ceeeiiiiiiiieiiiieeeeen 263
27.2. Low Duty Cycle Mode (Auto RX Wake-Up).......ccceeeiiiiieieiiiiiieeeeeee 265
27.3. Antenna Diversity (Si1060-Si1063, Si1080-Si1083)........cccvvvvvvvierereirreeeeennn. 266
28. SMBUS ....cutitiitiiiiiiie ettt e et e e e e e e e e et e et e e e e s e e et et et e aaaaaaaaaaaaaaaeaaeaana———————a—aanaees 267
28.1. Supporting DOCUMENES ........ciiiiiiiieieeeeeeeee e 268
28.2. SMBUS Configuration...........c..uuuiiiiiiiiiiieeee e 268
28.3. SMBUS OPEratioNn ......couuuuieiiiiieesi et e e e e e e e s 268
28.4. USING the SIMBUS......coviiiiiiiice ettt 270
28.5. SMBUS Transfer MOUES......ccccooeiee e 282
28.6. SMBuUS Status DeCOAiNG.........uuuuuiiiiiiiiiiiiiiieieeee e 285
29, UARTO ittt ettt e e e e et e e e e e e e sttt ettt et e e e ee e e e e e e e e e e e e e r bbb a e e e ee s 290
29.1. Enhanced Baud Rate Generation................oouuuiiiiiiiiiei e 291
29.2. Operational MOAES ..........uuiiieeee e 292
29.3. Multiprocessor CommuniCatioNs ..............ovvviiiiiiiiiiiieeee e 293
30. Enhanced Serial Peripheral Interface (SPI0) ..o 298
30.1. Signal DeSCrIPLIONS.....ccoiiii et a e 299
30.2. SPI0 Master Mode Operation............ooooiiiiiiiiiiiccicee e 299
30.3. SPI0 Slave Mode Operation ...........coooeiiiiiiiiiicceeer e 301
30.4. SPIO INtErrupt SOUICES ... 302
30.5. Serial Clock Phase and Polarity ............ooooviiiiiiiiiiieiieeecee 303
30.6. SPI Special Function REGISErS ...........oiiiiiiiiiiiiiiie e 304
30 I I T 0 =T SR 311
31.1. Timer 0 and TIMEr T oo e 313
R I I8 31 SRS 321
K IR T 1031 i O PPPPRR 327
32. Si106x/108xSi106x/108x Programmable Counter Array .......ccccceeeeeeeeeeeeeeeeeennnn, 333
32.1. PCA COUNEITIMEN ..ttt e e e e e e e e e e e e 334
32.2. PCAOQ INtErrupt SOUICES. ... ..uiiiiii i 335
32.3. Capture/Compare MOAUIES ...........coooiiiiiieeccce e 336
32.4. Watchdog Timer MOTE ...t 344
32.5. Register Descriptions for PCAD.........uuiiiiiiiieeeee e 346
33. Device SPEeCIfiC BENAVION ....ccciiee e 352
33.1. Device Identification ...........cccoooeiiio i 352
34, C2 INTEITACE ettt e e e e e e e e e e bbb e e 353
34.1. C2 Interface REQISIErS.......uuuiiiei e 353
34.2. C2 PiN SNAMNG ...cooiiiiiiiei et e e e e 356
(Do Toa ¥ g T=T o) A @4 o = T Lo = I S 357
CoNtact INTOIMALION ..o e e e e e e e e e e s 358
6 Rev. 1.0 )

SILICON LABS



Si1106x/108x

List of Figures

Figure 1.1.
Figure 1.2.
Figure 1.3.
Figure 1.4.
Figure 1.5.
Figure 1.6.
Figure 1.7.
Figure 1.8.
Figure 1.9.
Figure 3.1.
Figure 3.2.
Figure 3.3.
Figure 3.4.

Si106x/Si108x BloCK Diagram .........ccccccuuieeeiaiiiiiiiieee e 16
Si106x/108x RX/TX Direct-Tie Application Example ............cccccvvveennnnnn. 17
Si106x/108x Antenna Diversity Application Example .............cccceveennnnn. 17
Port 1/0 Functional Block Diagram ... 19
PCA BIOCK Diagram .........oooiiiiiiiieiiieeeeee e 20
ADCO Functional Block Diagram ..........ccccccooeeiiiiiiiiiiieccceeee e 21
ADCO Multiplexer Block Diagram ... 22
Comparator 0 Functional Block Diagram ...........cccccuviiiiiiiiiiiiiiiiiiieeee, 23
Comparator 1 Functional Block Diagram .............cccccooeiiiiiiiiiiiiiiinn. 23
Si1060/1, Si1080/1-A-GM Pinout Diagram (Top VIiew) .......cccccceeeeeennn. 34
Si1062/3, Si1082/3-A-GM Pinout Diagram (Top View) .......cccccceveeeennn. 35
Si1064/5, Si1084/5-A-GM Pinout Diagram (Top View) .......ccccccvvuennnnnn. 36
QFN-36 Package Drawing ..........ccoooiiiiieeoiiiiee e 37

Figure 3.5. QFN-36 PCB Land Pattern Dimensions ..., 39
Figure 3.6. QFN-36 PCB Stencil and Via Placement ...........ccccccccviiiiiiiiiiiiiiiiiinns 41
Figure 4.1. Active Mode Current (External CMOS CIoCK) .......coovvvviiiiiiiiiiiiiiiiiies 46
Figure 4.2. Idle Mode Current (External CMOS CIOCK) .......coevviiiiiiiiiiiiiiiiiiis 47
Figure 4.3. Typical DC-DC Converter Efficiency (High Current, VDD/DC+ =2V ... 48
Figure 4.4. Typical DC-DC Converter Efficiency (High Current, VDD/DC+ =3 V) .. 49
Figure 4.5. Typical DC-DC Converter Efficiency (Low Current, VDD/DC+ =2 V) ... 50
Figure 4.6. Typical One-Cell Suspend Mode Current ............ccccoeeieeeiiiieeiiiiiieeeeeninns 51
Figure 4.7. Typical VOH Curves, 1.8-3.6 V ...t 53
Figure 4.8. Typical VOH Curves, 0.9—-1.8 V ... 54
Figure 4.9. Typical VOL Curves, 1.8-3.6 V ..., 55
Figure 4.10. Typical VOL Curves, 0.9-1.8 V ... 56

Figure 5.1.
Figure 5.2.
Figure 5.3.
Figure 5.4.
Figure 5.5.
Figure 5.6.
Figure 5.7.
Figure 5.8.
Figure 5.9.

ADCO Functional Block Diagram .............ccccciiiiiiininiiiiiiieieeeeeee 78
10-Bit ADC Track and Conversion Example Timing (BURSTEN =0) ... 81
Burst Mode Tracking Example with Repeat Count Setto 4 .................. 83
ADCO Equivalent Input CirCUitS .......ccceeiiiieiiiiiiiiieeeee e 84
ADC Window Compare Example: Right-Justified Single-Ended Data .. 94
ADC Window Compare Example: Left-dustified Single-Ended Data ..... 94
ADCO Multiplexer Block Diagram ............ccccoiiiiieiiiiiiiiiieeieeeeeee 95
Temperature Sensor Transfer Function ............ccccccoiiiiiiicccc, 97
Temperature Sensor Error with 1-Point Calibration (Vggg = 1.68 V) .... 98

Figure 5.10. Voltage Reference Functional Block Diagram ...........ccccccccciiiiiinnnns 100
Figure 6.1. Comparator 0 Functional Block Diagram ............ccccooeeeiiiiiiiiiiiiiiiiinnnn, 103
Figure 6.2. Comparator 1 Functional Block Diagram ............cccccoiiiiiiiiiiiiiiienen. 104
Figure 6.3. Comparator Hysteresis PIOt ............cccoiiiiiiiiiiii e 105
Figure 6.4. CPn Multiplexer Block Diagram ..............ooooiiiiiiiiiiiiiiee e, 110

Figure 7.1.
Figure 8.1.

CIP-51 BIOCK DI@gram ..........ccoeeeiiiiiiiiiiiieieee e 113
SI106X MeMOIrY Map ....euuiiiiiiii e e e 122

Figure 8.2. SiT08X MemOry Map .......euuuiiiiieiiii et 123
Figure 8.3. Si106x Flash Program Memory Map .........cccuueeiiiiiiiiiiiiiiiiieeeees 124
) Rev. 1.0 7

SILICON LABS



Si106x/108x

Figure 8.4. Si108x Flash Program Memory Map ........cccccuuieieieiiiiiiiiiiiiieeeeeeeees 124

Figure 12.1.
Figure 12.2.
Figure 13.1.
Figure 14.1.
Figure 14.2.
Figure 15.1.
Figure 15.2.
Figure 17.1.
Figure 17.2.
Figure 17.3.
Figure 18.1.
Figure 18.2.
Figure 19.1.
Figure 19.2.
Figure 20.1.
Figure 20.2.
Figure 20.3.
Figure 20.4.
Figure 21.1.
Figure 21.2.
Figure 21.3.
Figure 21.4.
Figure 21.5.
Figure 21.6.
Figure 24.1.
Figure 24.2.
Figure 24.3.
Figure 24 4.
Figure 24.5.
Figure 25.1.
Figure 25.2.
Figure 27.1.
Figure 27.2.
Figure 28.1.
Figure 28.2.
Figure 28.3.
Figure 28.4.
Figure 28.5.
Figure 28.6.
Figure 28.7.
Figure 28.8.
Figure 29.1.
Figure 29.2.
Figure 29.3.

Si106x Flash Program Memory Map .........oovvveiiiiiiiiiiiiieeeieeeeeeeeeie, 151
Si108x Flash Program Memory Map .........ccoooiiiiiiiiiiiiieeeeeeeeeeeeee 152
Si106x/108x Power Distribution ...........cooviiiiiiiiiiiiieeeeeeee, 161
CRCO Block Diagram ........ccoeeeieiiiiieiiieeeeeeee et 167
Bit Reverse RegiSter ... 174
DC-DC Converter Block Diagram ...........ccccuviiiiimiiiiiiiiiieeeeeeeeeeeeeee 175
DC-DC Converter Configuration Options ..........ccccceeeeiiiiieiiiiiiiiiiinnnn, 178
RESEE SOUICES ..o 185
Power-Fail Reset Timing Diagram ..........cccooooiiiiiiiiiieee 186
Power-Fail Reset Timing Diagram .............coooviiiiiiiiiiicieeeee, 187
Clocking Sources Block Diagram ............oooooiiiiiiiiiiiiiiieeeeeeeeee e 192
25 MHz External Crystal Example ... 194

SmaRTClock Block Diagram .............cooomiiiiiiiiiiiieee e 200
Interpreting Oscillation Robustness (Duty Cycle) Test Results ......... 209
Port I/0O Functional Block Diagram ...........cccceeeeiiiiiiiiiiiiiiiniiie 217
Port I/O Cell Block Diagram ..........cccooiiieieeiiiiiiieeeeeceeee e 218
Crossbar Priority Decoder with No Pins Skipped ..........ccccoeveiiiiiinnee. 222
Crossbar Priority Decoder with Crystal Pins Skipped ............c.......... 223

SPIWTite Command ......oonooeieeee e 239

SPI Read Command—Check CTS Value .........cccoooveiiiiiiiiiiiiiiiiiin, 239
SPI Read Command—Clock Out Read Data ..............ccceeeeveevvnnnnnen, 240
State Machine Diagram ..., 241
POR Timing Diagram ........coooiiiiiiiie e 243
Start_ TX Commands and Timing ...........ooooiiiiiiiiiiiiiiieeeeeeeee e 245
RX Architecture vs. Data Rate ...........cccooeiiiiiiiiii e 253
+20 dBm TX Power vs. PA_ PWR_LVL ... 259
+20 dBm TX Power vs. VDD ......coooiiiiieeeee e 260
+20 dBm TX POWer VS. TEMP ..o 260
Capacitor Bank Frequency Offset Characteristics ...........cccccceeeeenee. 261
TXANA RX FIFOS ..ottt 262
Packet Handler Structure ..o 262
RX and TX LDC SEQUENCES .....ccoeeeeeeeeiieieieeeeiiieaae e e e e e e eeeeeeeeeeeens 265
Low Duty Cycle Mode for RX ..o 265
SMBus Block Diagram ........cccccooiiiiiiiiiiiieeee e 267
Typical SMBus Configuration ... 268
SMBUS TranSaction ............oouuiiiiiiiiiiiiii e 269
Typical SMBus SCL Generation ...........ccccceeeiiieeeieiiiieeeeeeeen, 271
Typical Master Write Sequence ...........cccceeiiiiiiiiiiiiie 282
Typical Master Read SEQUENCE ..........evveuiiiiiiiiiiiieeieeeeeeee 283
Typical Slave Write SEQUENCE .........ovvveeiiiiiiieeeeeeeeeeeeeeee 284
Typical Slave Read SeqUENCE ..........ouvueiiiiiiiieeeeeeeeeeeeeeeee 285
UARTO Block Diagram .......cooouuiiiiiiieiie e 290
UARTO Baud Rate LOGIC .....ccovuuiiiiieiiiiie e 291
UART Interconnect Diagram ...........cccoceeiiiiiiiiiiiiiie 292

Rev. 1.0

SILICON LABS



Si1106x/108x

Figure 29.4. 8-Bit UART Timing Diagram ..........cccoiiiiiiiiiiiiiiiiiieeeeee e 292
Figure 29.5. 9-Bit UART Timing Diagram .........cooouiiiiiiiiiiiie e 293
Figure 29.6. UART Multi-Processor Mode Interconnect Diagram ......................... 294
Figure 30.1. SPI BIOCK Diagram .........coooiiiiiiiiiiiiiiiiiiiiie e 298
Figure 30.2. Multiple-Master Mode Connection Diagram ..............cccceeeeeiviiiiininnnn. 300
Figure 30.3. 3-Wire Single Master and Slave Mode Connection Diagram ............ 300
Figure 30.4. 4-Wire Single Master and Slave Mode Connection Diagram ............ 301
Figure 30.5. Master Mode Data/Clock Timing ..........ooovviiiiiiiiiiiiiieeeeeeeee e 303
Figure 30.6. Slave Mode Data/Clock Timing (CKPHA = 0) ..., 304
Figure 30.7. Slave Mode Data/Clock Timing (CKPHA = 1) ..., 304
Figure 30.8. SPI Master Timing (CKPHA = 0) ......oooiiiiiiiccee e, 308
Figure 30.9. SPI Master Timing (CKPHA = 1) .., 308
Figure 30.10. SPI Slave Timing (CKPHA = 0) ...ccooiiiiiiiiiiieeeieeeee e 309
Figure 30.11. SPI Slave Timing (CKPHA = 1) ..., 309
Figure 31.1. TO Mode 0 Block Diagram ...........coooiiiiiiiiiiiiiiiceceeeeeee e 314
Figure 31.2. TO Mode 2 Block Diagram ...........coooiiiiiiiiiiiiiieieieeeeeee e 315
Figure 31.3. TO Mode 3 Block Diagram ...........ccooouiiiiiiiiiiiiiie e 316
Figure 31.4. Timer 2 16-Bit Mode Block Diagram ..............eeeeeiiiiiiiiiiiiiiiiii, 321
Figure 31.5. Timer 2 8-Bit Mode Block Diagram ...............ueeeiiiiiiiiiiiiiiiiiiiis 322
Figure 31.6. Timer 2 Capture Mode Block Diagram ............ccccceeieeeeiieiiiiiiiiiiiiennn, 323
Figure 31.7. Timer 3 16-Bit Mode Block Diagram ..............ceeeiiiiiiiiiiiiiiiiii, 327
Figure 31.8. Timer 3 8-Bit Mode Block Diagram. ...........ccccceeviiiiiiiiiiiiiiiiiis 328
Figure 31.9. Timer 3 Capture Mode Block Diagram ............ccccceeieeeeiiiiiiiiiiiiiiiiinn, 329
Figure 32.1. PCA BIOCK Diagram ..........coooiiiiiiiiiiiiii et 333
Figure 32.2. PCA Counter/Timer Block Diagram ...........ccceeeeeeiiiiiiiiiieiiineeeeeins 334
Figure 32.3. PCA Interrupt Block Diagram ..............ooooimiiiiiiiiiiiiiiiee e, 335
Figure 32.4. PCA Capture Mode Diagram ...........ccccoiiiiiiiiiiiiiiiiieeeeeeeeeee e 337
Figure 32.5. PCA Software Timer Mode Diagram ..........cccceeeeeiieiiiiiiiiiinnniiieinins 338
Figure 32.6. PCA High-Speed Output Mode Diagram ...........ccccooeeeiiiiiiiiiiiiiiiininn, 339
Figure 32.7. PCA Frequency Output MOde ..........cccciiiiiiiiiiiiiiiiiieeeeeeee e 340
Figure 32.8. PCA 8-Bit PWM Mode Diagram ...........cccuuiiiiiiiiiiiiiiiiiiieeeeeeeeeeeees 341
Figure 32.9. PCA 9, 10 and 11-Bit PWM Mode Diagram ..........ccccccceeevviiviiiinnnnnnnn. 342
Figure 32.10. PCA 16-Bit PWM MoOde ........cooiiiiiiiiiiiiie e 343
Figure 32.11. PCA Module 5 with Watchdog Timer Enabled ...............cccccoccnnneen. 344
Figure 33.1. Si106x Revision Information ...............ccoooimiiiiiiii e, 352
Figure 34.1. Typical C2 Pin Sharing ..........coooiiiiiiiiiieeeeeeeeeeeee e 356

) Rev. 1.0 9

SILICON LABS



Si1106x/108x

List of Tables

Table 2.1. Orderable Part NUMDEr ... 24
Table 3.1. Si1060/Si1061/Si1080/Si1081 Pin Definitions ............cccoeeevciniiviiieenee. 25
Table 3.2. Si1062/Si1063/Si1082/Si1083 Pin Definitions ...........coooovviiiiiiiiiiiiieeeee. 28
Table 3.3. Si1064/Si1065/Si1084/Si1085 Pin Definitions ...........ccoooeeeicciiiiviiiienne. 31
Table 3.4. QFN-36 Package DImENSIONS ...........ceeeiiiiiiiiiiiiiaiiiiaeee e 38
Table 3.5. QFN-36 PCB Land Pattern Dimensions ..........ccccccceeeeiiiiiiiiiiiccciiiieee 40
Table 4.1. Absolute Maximum Ratings ..........ccccuuiiiiiiiii e 42
Table 4.2. Global Electrical CharacteristiCs ..........cccooveiiiiiiiiiiiii e 43
Table 4.3. Port I/O DC Electrical CharacteristiCs ..........cccccceeeeiiiiiiiiiiiiiieeee 52
Table 4.4. Reset Electrical CharacteristiCs ..........cccooviiiiiiiiiiiiie e 57
Table 4.5. Power Management Electrical Specifications .............ccccovvciiiiieen 58
Table 4.6. Flash Electrical CharacteristiCs ...........ccccoiiviiiiiiiiiiiiiiieee 58
Table 4.7. Internal Precision Oscillator Electrical Characteristics ........................... 59
Table 4.8. Internal Low-Power Oscillator Electrical Characteristics ....................... 59
Table 4.9. ADCO Electrical CharacteristiCs .............ueviiiiiiiiiieiiiiiiiiiiiieeee 60
Table 4.10. Temperature Sensor Electrical Characteristics .........ccccocoeeiiiiiiiiiiennns 61
Table 4.11. Voltage Reference Electrical Characteristics ........ccccccccceiiiiiiiininnnnnnn. 62
Table 4.12. Comparator Electrical Characteristics .............ccoovviiiiiiiiiiieieee e 63
Table 4.13. DC-DC Converter (DCO) Electrical CharacteristicS ..........cccccceeeeeeeeeen.n. 65
Table 4.14. VREGO Electrical CharacteristiCs ........cccccceeeiiiiiiiiiieceeiee e 66
Table 4.15. DC CharacteristiCs .........oooiiiiiiiiieeeeeeee e 67
Table 4.16. Synthesizer AC Electrical Characteristics ............cciiiiiiiiiiiniie 68
Table 4.17. Receiver AC Electrical Characteristics ............ooovvviiiiiiiiiiiiiiieeeeeeee 69
Table 4.18. Transmitter AC Electrical Characteristics ............cccooviiiiiiiiiiiiiiiiiee, 73
Table 4.19. Auxiliary Block Specifications ..........cccooovioiiiiiiiii e 75
Table 4.20. Digital 10 Specifications (GPIO_x, NIRQ) ....coooeiiiiiiiiiiiiieeee 75
Table 4.21. Absolute Maximum Ratings (Radio) ...........cccooeiiriiiiiiiiccccccee e 77
Table 4.22. Thermal Properties ..o 77
Table 7.1. CIP-51 Instruction Set SumMmary .........cccoccoooii 115
Table 10.1. Special Function Register (SFR) Memory Map (Page 0x0) ............... 129
Table 10.2. Special Function Register (SFR) Memory Map (Page OxF) ............... 130
Table 10.3. Special Function Registers ...........cccueiiiiiiiiiee 131
Table 10.4. Select Registers with Varying Function ..............cccoiiiiiiiie 135
Table 11.1. Interrupt SUMMArY ... 139
Table 12.1. Flash Security SUMMary ........cccccooiiiiiiii e 152
Table 13.1. POWEIr MOES ......ccooiiiiiiiie e 160
Table 14.1. Example 16-bit CRC OUtPULS ........ccoiiiiiiiiei e 168
Table 14.2. Example 32-bit CRC OUIPULS ........ooviiiiiiiiiieeeeee e 170
Table 15.1. IPeak Inductor Current Limit Settings ... 176
Table 18.1. Recommended XFCN Settings for Crystal Mode ...............cccccuviiinenee. 194
Table 18.2. Recommended XFCN Settings for RC and C modes ......................... 195
Table 19.1. SmaRTClock Internal Registers ..........cccccoeiiiiiiiiiiiiiccceeeeee e 201
Table 19.2. SmaRTClock Load Capacitance Settings ...........cccooeeiiiiiiiiiiiiiiiieee. 208

SILICON LABS

Rev. 1.0 10



Si106x/108x

Table 19.3. SmaRTClock Bias Settings ..........ccueeeiiiiiiiiii e 210
Table 20.1. Port 1/0O Assignment for Analog Functions ............cccccceeieiiiieeeinenen, 220
Table 20.2. Port I/O Assignment for Digital Functions ..............cccoo oo, 220
Table 20.3. Port I1/0 Assignment for External Digital Event Capture Functions .... 221
Table 21.1. Internal Connection for Radio and MCU .................ooooiiiiiiiiiiiiiiee, 238
Table 21.2. Serial Interface Timing Parameters ...........cccccociiiiiiiiiiiiiii 238
Table 21.3. Operating State Response Time and Current Consumption

Si1060/61/62/63, Si1080/81/82/83 ... 242
Table 21.4. Operating State Response Time and Current Consumption

(Si1064/65, SiT084/85) ...ccceeeeeeeeeeeeeeee et 242
Table 21.5. POR TiMING .oooiiiiiiiieeiee ettt e e 243
LI o) (=2 G T €1 = [ 1SS OPPP 247
Table 23.1. Recommended Preamble Length ............ccccooe 251
Table 24.1. Output Divider (Outdiv) Values for the Si1060-Si1063, Si1080-1083 256
Table 24.2. Output Divider (Outdiv) for the Si1064/Si1065/Si1084/Si1085 ........... 256
Table 27.1. WUT Specific Commands and Properties ..........ccccvvvcieiiiiieeeeeeeeee. 264
Table 28.1. SMBus Clock Source Selection ...........cccovviiiieieiiiiiiiccee 271
Table 28.2. Minimum SDA Setup and Hold Times ... 272
Table 28.3. Sources for Hardware Changes to SMBOCN ............coooiiiiiiiiiiiiiineee. 276
Table 28.4. Hardware Address Recognition Examples (EHACK =1) .................. 277
Table 28.5. SMBus Status Decoding With Hardware ACK Generation Disabled

(EHACK = 0) oottt e e e e e e e e e e e e e e e e s e e e 286
Table 28.6. SMBus Status Decoding With Hardware ACK Generation Enabled

(EHACK = 1) et r e e e e e e e e e e e e e e e e s e e a e 288
Table 29.1. Timer Settings for Standard Baud Rates

Using The Internal 24.5 MHz Oscillator ..............oooviiiiiiiiiieeieeeeeee 297
Table 29.2. Timer Settings for Standard Baud Rates

Using an External 22.1184 MHz Oscillator ...........cccccoeeiiiiiiiniiiiiiinn, 297
Table 30.1. SPI Slave Timing Parameters .........cccoooeeiiiiiiiiiiiieecieeee e 310
Table 31.1. Timer 0 Running Modes ..........ccccuiiiiiiiiiiiii 313
Table 32.1. PCA Timebase Input OptionS .......cccooeiiiiiiiiiiie e 334
Table 32.2. PCAOCPM and PCAOPWM Bit Settings for PCA Capture/Compare

MOAUIES ... e e e e e e e e e 336
Table 32.3. Watchdog Timer Timeout IntervalsT ...........cccccciiiiiiiie 345

11 Rev. 1.0 )

SILICON LABS



Si1106x/108x

List of Registers

SFR Definition 5.1. ADCOCN: ADCO CONtrol .........uuviiiiiiiiiiieeeeeeee e 86
SFR Definition 5.2. ADCOCF: ADCO Configuration ...........ccccceeiiiiiiiiiiiiiiiieeeee 87
SFR Definition 5.3. ADCOAC: ADCO Accumulator Configuration ..............cccceevveinnnnnns 88
SFR Definition 5.4. ADCOPWR: ADCO Burst Mode Power-Up Time ............cccceeeeeenee. 89
SFR Definition 5.5. ADCOTK: ADCO Burst Mode Track Time ........cccceeeeeeeiieeiiiiieieeeeenes 90
SFR Definition 5.6. ADCOH: ADCO Data Word High Byte ...........vveieiieiiiiiiiiiiiiiiieeeei, 91
SFR Definition 5.7. ADCOL: ADCO Data Word Low Byte ... 91
SFR Definition 5.8. ADCOGTH: ADCO Greater-Than High Byte ..o 92
SFR Definition 5.9. ADCOGTL: ADCO Greater-Than Low Byte .......cccccceeeeiiiiiiiiiiiinnnnn, 92
SFR Definition 5.10. ADCOLTH: ADCO Less-Than High Byte ...........ccooooiiiiiiiiienee. 93
SFR Definition 5.11. ADCOLTL: ADCO Less-Than Low Byte ...........cooooiiiiiiiiiiiiiiieee. 93
SFR Definition 5.12. ADCOMX: ADCO Input Channel Select ..........ccccceeoieiiiiiiiiiiiiinnnn, 96
SFR Definition 5.13. TOFFH: ADCO Data Word High Byte ...........coooeiiiiiiiiiiiie 99
SFR Definition 5.14. TOFFL: ADCO Data Word Low Byte ..o 99
SFR Definition 5.15. REFOCN: Voltage Reference Control ...........cccccceeeeeiiiiiieninnnn. 102
SFR Definition 6.1. CPTOCN: Comparator 0 Control .............coooiriiiiiiiiiiiiieiee e 106
SFR Definition 6.2. CPTOMD: Comparator 0 Mode Selection ..........cccccceeevieieinnnnnnnn. 107
SFR Definition 6.3. CPT1CN: Comparator 1 Control .............cooorrmmiiiiiiiiiiiieeeeeeeeeeee 108
SFR Definition 6.4. CPT1MD: Comparator 1 Mode Selection ...........cccccceiiieieiinn. 109
SFR Definition 6.5. CPTOMX: ComparatorO Input Channel Select ............................. 111
SFR Definition 6.6. CPT1MX: Comparator1 Input Channel Select ............................ 112
SFR Definition 7.1. DPL: Data Pointer Low Byte ... 119
SFR Definition 7.2. DPH: Data Pointer High Byte ... 119
SFR Definition 7.3. SP: Stack Pointer ... 120
SFR Definition 7.4. ACC: ACCUMUIATON .....ooeiiiiiiiieiee e 120
SFR Definition 7.5. B: B REGISTEr ......cooiiii e 120
SFR Definition 7.6. PSW: Program Status Word ... 121
SFR Definition 9.1. EMIOCN: External Memory Interface Control ................ccccuveeeee. 128
SFR Definition 10.1. SFRPage: SFR Page ...........uuuiiiiiiiiiiiie 131
SFR Definition 11.1. IE: Interrupt Enable .............coooiiiiiiiie e 141
SFR Definition 11.2. IP: Interrupt Priority ..........cccoumiiiii 142
SFR Definition 11.3. EIE1: Extended Interrupt Enable 1 ...........ooooiiiiiiiiiieeeeee, 143
SFR Definition 11.4. EIP1: Extended Interrupt Priority 1 ... 144
SFR Definition 11.5. EIE2: Extended Interrupt Enable 2 ... 145
SFR Definition 11.6. EIP2: Extended Interrupt Priority 2 ... 146
SFR Definition 11.7. ITO1CF: INTO/INT1 Configuration ............coovviiiiiiiiieeeeeeeeee 148
SFR Definition 12.1. PSCTL: Program Store R/W Control ............coooiiiiiiiiiiiieee 157
SFR Definition 12.2. FLKEY: Flash Lock and Key ... 158
SFR Definition 12.3. FLSCL: Flash Scale ...........cceeviiiiiiiiiiiiieceeeee 159
SFR Definition 12.4. FLWR: Flash Write Only ..........coiiiiiiiiiiiiiiiieeeeeeeeeeee 159
SFR Definition 13.1. PMUOCF: Power Management Unit Configuration..................... 165
SFR Definition 13.2. PCON: Power Management Control Register ........................... 166
SFR Definition 14.1. CRCOCN: CRCO CoNtrol ..........ccovieiiiiiieeeeeeeiiieieeieeceeeeee 171
SFR Definition 14.2. CRCOIN: CRCO Data Input .......ccoooeiiiiiiiiiiiiceeeeeeeeeeeeeeeee, 172

) Rev. 1.0 12

SILICON LABS



Si106x/108x

SFR Definition 14.3. CRCODAT: CRCO Data Output .........coovviiiiiiiiiciieeeeee e 172
SFR Definition 14.4. CRCOAUTO: CRCO Automatic Control .............ccooeiiiiiiiiiiiennee. 173
SFR Definition 14.5. CRCOCNT: CRCO Automatic Flash Sector Count ..................... 173
SFR Definition 14.6. CRCOFLIP: CRCO Bit FIIp ...cevveiiiiiiiiiieeeeeeee e 174
SFR Definition 15.1. DCOCN: DC-DC Converter Control ............ccooeeeiiiiiciiiiiiiieee 181
SFR Definition 15.2. DCOCF: DC-DC Converter Configuration ..............ccccccuvvvinennnee. 182
SFR Definition 16.1. REGOCN: Voltage Regulator Control ..............ccoooeiiiiiiiiiiinnee. 184
SFR Definition 17.1. VDMOCN: VDD_MCU Supply Monitor Control .......................... 189
SFR Definition 17.2. RSTSRC: Reset SOUICe .......cccooiiiiiiiiiiiiie e 191
SFR Definition 18.1. CLKSEL: CIOCK SeleCt ........ccoiiiiiiiiiiiiiiiieeec e 197
SFR Definition 18.2. OSCICN: Internal Oscillator Control ..............coooeiiiiiiiiiiiiieeee. 198
SFR Definition 18.3. OSCICL: Internal Oscillator Calibration ...............cccccciiiiiiiinneen. 198
SFR Definition 18.4. OSCXCN: External Oscillator Control ............ccccceeeeeiiiiiiiiennnnne. 199
SFR Definition 19.1. RTCOKEY: SmaRTClock Lock and Key .........vveeeiiiiiieeiiennnnn.. 204
SFR Definition 19.2. RTCOADR: SmaRTClock Address .........cccccoiiiiiiiiiiiiiiiiieee 205
SFR Definition 19.3. RTCODAT: SmaRTClock Data ........ccccccoeiiiiiiiiiiiiiiiiieeeeeee 206
Internal Register Definition 19.4. RTCOCN: SmaRTClock Control ............... 213
Internal Register Definition 19.5. RTCOXCN: SmaRTClock Oscillator Control . . . ... 214
Internal Register Definition 19.6. RTCOXCF: SmaRTClock Oscillator Configuration . 215
Internal Register Definition 19.7. RTCOPIN: SmaRTClock Pin Configuration ...... 215
Internal Register Definition 19.8. CAPTUREN: SmaRTClock Timer Capture ....... 216
Internal Register Definition 19.9. ALARMn: SmaRTClock Alarm Programmed Value 216
SFR Definition 20.1. XBRO: Port I/O Crossbar Register O ...........ooovviiiiiiiiieeeeieneenn. 224
SFR Definition 20.2. XBR1: Port I/O Crossbar Register 1 ... 225
SFR Definition 20.3. XBR2: Port I/O Crossbar Register 2 .............ccooo i 226
SFR Definition 20.4. POMASK: Port0 Mask Register .............oooovmmiiiiiiiieeeeeeeeeee 227
SFR Definition 20.5. POMAT: Port0 Match Register ..........cccccoiiiiiiiiiiiiiiiieee 227
SFR Definition 20.6. PAMASK: Port1 Mask Register ..........ccccccoiiiiiiiiiiiiiiiiiie 228
SFR Definition 20.7. PAMAT: Port1 Match Register ... 228
SFR Definition 20.8. PO: POrt0 ......cooiiei e 230
SFR Definition 20.9. POSKIP: Port0 SKip .....coooouiiiiiieeieieeee e 230
SFR Definition 20.10. POMDIN: Port0 Input Mode .........ccoovviiiiiiiieiieiiiieeee 231
SFR Definition 20.11. POMDOUT: Port0 Output Mode ..........coooiiiiiiiiiiiieeeeeeee 231
SFR Definition 20.12. PODRV: Port0 Drive Strength ... 232
SFR Definition 20.13. P1: POt ..o 233
SFR Definition 20.14. PASKIP: POrt1 SKIp ....uuuuviiiiiiiiiiiiiiieieeeee e 233
SFR Definition 20.15. PAMDIN: Port1 Input Mode ..........cooooiiiiiiiiiccieeeee e 234
SFR Definition 20.16. PAMDOUT: Port1 Output Mode ...........ccooeeeiiiiiiiiiiiee 234
SFR Definition 20.17. PADRV: Port1 Drive Strength ...........ccccciiiiiiiiiiee 235
SFR Definition 20.18. P2: POr2 ... 235
SFR Definition 20.19. P2SKIP: POrt2 SKip ........uuuviiiiiiiiiiiiiiiiieeeee e 236
SFR Definition 20.20. P2MDIN: Port2 Input Mode .........ccooeiiiiiiiiieeeeee e 236
SFR Definition 20.21. P2ZMDOUT: Port2 Output Mode ... 237
SFR Definition 20.22. P2DRV: Port2 Drive Strength ............cooommii 237
SFR Definition 28.1. SMBOCF: SMBus Clock/Configuration .............ccccooiciiiiiiiiinneee. 273
13 Rev. 1.0 )

SILICON LABS



Si1106x/108x

SFR Definition 28.2. SMBOCN: SMBUS CONtrol .......ccccooeeiiiiiiiiicce e 275
SFR Definition 28.3. SMBOADR: SMBus Slave AJdress ..........ccccceeveeiiiiciiiiiiiieeee 278
SFR Definition 28.4. SMBOADM: SMBus Slave Address Mask ..........ccccoeeeeieeeiienennn. 278
SFR Definition 28.5. SMBODAT: SMBuUs Data ...........cccvvviiiiiiiieiiieceecee 281
SFR Definition 29.1. SCONO: Serial Port 0 Control ... 295
SFR Definition 29.2. SBUFO0: Serial (UARTO) Port Data Buffer ..........cccocoeeiiinnnnne 296
SFR Definition 30.7. SPIOCFG: SPI0 Configuration ..........ccccccciiiiiiiiiiiiiiiiiiieee 305
SFR Definition 30.8. SPIOCN: SPI0 Control ...........eeeeeiiiiiiiiiiieieieeee 306
SFR Definition 30.9. SPIOCKR: SPI0 Clock Rate .........ccovveiiiiieeieiiiiiiieeiiieee 307
SFR Definition 30.10. SPIODAT: SPI0 Data ........cccvviiiiiiiiiiiiieeeeeeeeeeeeeeeceeee 307
SFR Definition 31.1. CKCON: Clock COoNtrol .............cceieiiiiiiiiieeeiiiiiiieeiieeeeee 312
SFR Definition 31.2. TCON: Timer Control ..........ccooiiiiiiii e 317
SFR Definition 31.3. TMOD: TiMer MOde ..........uuciiiiiiiiiiieeeeeieeeeeeeeee e 318
SFR Definition 31.4. TLO: Timer 0 LOW BYte ......uuiiiiiiiiiieeeeceee e 319
SFR Definition 31.5. TL1: Timer 1 LOW Byte ........uoiiiiiiiie 319
SFR Definition 31.6. THO: Timer 0 High Byte ..........uuiiiiiiiiiiiiie 320
SFR Definition 31.7. TH1: Timer 1 High Byte ......ccoooeiiiiiiice e 320
SFR Definition 31.8. TMR2CN: Timer 2 Control ... 324
SFR Definition 31.9. TMR2RLL: Timer 2 Reload Register Low Byte ..............ccuueeeee. 325
SFR Definition 31.10. TMR2RLH: Timer 2 Reload Register High Byte ..................... 325
SFR Definition 31.11. TMR2L: Timer 2 Low Byte .....ccoovvvivieiieiiiie 326
SFR Definition 31.12. TMR2H Timer 2 High Byte .......coovvviiiiiiiiic 326
SFR Definition 31.13. TMR3CN: Timer 3 Control .........ccooviieiiiiiiiiiiieee 330
SFR Definition 31.14. TMR3RLL: Timer 3 Reload Register Low Byte ..............c......... 331
SFR Definition 31.15. TMR3RLH: Timer 3 Reload Register High Byte ...................... 331
SFR Definition 31.16. TMR3L: Timer 3 LOwW Byte ... 332
SFR Definition 31.17. TMR3H Timer 3 High Byte .......ccoovviiiiiiiiie 332
SFR Definition 32.1. PCAOCN: PCA CONtrol ..........eeeiiiiiiiiiiiieeeeeeeee e 346
SFR Definition 32.2. PCAOMD: PCA MOUE ........uutiiiiiiiiiiiiieiieeeeeee e 347
SFR Definition 32.3. PCAOPWM: PCA PWM Configuration .............ccooeviiciiniiiiiennee. 348
SFR Definition 32.4. PCAOCPMn: PCA Capture/Compare Mode .........cccceeeeeeeeeenennn. 349
SFR Definition 32.5. PCAOL: PCA Counter/Timer Low Byte .........cccccccciiiiieieeeieennnn. 350
SFR Definition 32.6. PCAOH: PCA Counter/Timer High Byte ... 350
SFR Definition 32.7. PCAOCPLn: PCA Capture Module Low Byte ............cccccvvvvneeee. 351
SFR Definition 32.8. PCAOCPHnN: PCA Capture Module High Byte ........................... 351
C2 Register Definition 34.1. C2ADD: C2 AdAress .......cccoeeiiiiiiiiiiiiiiiiiiee 353
C2 Register Definition 34.2. DEVICEID: C2 Device ID ... 354
C2 Register Definition 34.3. REVID: C2 Revision ID ...........oooviiiiiiiiiiiiciiee e 354
C2 Register Definition 34.4. FPCTL: C2 Flash Programming Control ........................ 355
C2 Register Definition 34.5. FPDAT: C2 Flash Programming Data ............................ 355

) Rev. 1.0 14

SILICON LABS



Si1106x/108x

1. System Overview

Silicon Laboratories’ Si106x Wireless MCUs combine high-performance wireless connectivity and ultra-low
power microcontroller processing into a small 5x6 mm form factor. Support for major frequency bands in
the 142 to 1050 MHz range is provided including an integrated advanced packet handling engine and the
ability to realize a link budget of up to 146 dB. The devices have been optimized to minimize energy con-
sumption for battery-backed applications by minimizing TX, RX, active, and sleep mode current as well as
supporting fast wake-up times. The Si106x and Si108x Wireless MCUs are pin-compatible and can scale
from 8 to 64 kB of flash and provides a robust set of analog and digital peripherals including an ADC, dual
comparators, timers, and GPIO. All devices are designed to be compliant with the 802.15.4g smart meter-
ing standard and support worldwide regulatory standards including FCC, ETSI, and ARIB. Refer to
Table 2.1 for specific product feature selection and part ordering numbers.

With on-chip power-on reset, Vpp monitor, watchdog timer, and clock oscillator, the Si106x devices are

truly standalone system-on-a-chip solutions. The flash memory can be reprogrammed even in-circuit, pro-
viding 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 sav-
ings.

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, and run and halt commands. All analog and digital peripherals are fully functional while debug-
ging using C2. The two C2 interface pins can be shared with user functions, allowing in-system debugging
without occupying package pins.

Each device is specified for 1.8 to 3.6 V operation over the industrial temperature range (—40 to +85 °C).
Select devices will work down to 0.9 V with the dc-dc boost converter, supporting operation on a single
alkaline cell battery. The Port I/O and RST pins are tolerant of input signals up to 5 V. The Si106x devices
are available in a 36-pin QFN package (lead-free and RoHS compliant). See Table 2.1 for ordering infor-
mation. See Figure 1.1 for the block diagram.

The transceiver's extremely low receive sensitivity (—126 dBm) coupled with industry leading +20 dBm out-
put power ensures extended range and improved link performance. Built-in antenna diversity and support
for frequency hopping can be used to further extend range and enhance performance. The advanced radio
supports major frequency bands in the 119 to 1050 MHz range. The Si106x family includes optimal phase
noise, blocking, and selectivity performance for narrow band and licensed band applications such as FCC
Part90 and 169 MHz wireless Mbus. The 60 dB adjacent channel selectivity with 12.5 kHz channel spacing
ensures robust receive operation in harsh RF conditions, which is particularly important for narrow band
operation.

The Si106x offers exceptional output power of up to +20 dBm with outstanding TX efficiency. The high out-
put power and sensitivity results in an industry-leading link budget of 146 dB allowing extended ranges and
highly robust communication links. The active mode TX current consumption of 18 mA at +10 dBm and RX
current of 10 mA coupled with extremely low standby current and fast wake times ensure extended battery
life in the most demanding applications. The Si106x wireless MCUs can achieve up to +27 dBm output
power with built-in ramping control of a low-cost external FET. The devices are highly flexible and can be
configured via Silicon Labs’ graphical configuration tools.
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1.1. Typical Connection Diagram

The application shown in Figure 1.2 is designed for a system with a TX/RX direct-tie configuration without
the use of a TX/RX switch. Most lower power applications will use this configuration. A complete direct-tie
reference design is available from Silicon Laboratories applications support.

For applications seeking improved performance in the presence of multipath fading, antenna diversity can
be used. Antenna diversity support is integrated into the EZRadioPRO transceiver and can improve the
system link budget by 8-10 dB in the presence of these fading conditions, resulting in substantial range
increases. A complete Antenna Diversity reference design is available from Silicon Laboratories applica-
tions support.
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Figure 1.2. Si106x/108x RX/TX Direct-Tie Application Example
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Figure 1.3. Si106x/108x Antenna Diversity Application Example
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1.2. CIP-51™ Microcontroller Core

1.2.1. Fully 8051 Compatible

The Si106x/108x family utilizes Silicon Labs' proprietary CIP-51 microcontroller core. The CIP-51 is fully
compatible with the MCS-51™ instruction set; standard 803x/805x assemblers and compilers can be used
to develop software. The CIP-51 core offers all the peripherals included with a standard 8052.

1.2.2. Improved Throughput

The CIP-51 employs a pipelined architecture that greatly increases its instruction throughput over the stan-
dard 8051 architecture. In a standard 8051, all instructions except for MUL and DIV take 12 or 24 system
clock cycles to execute with a maximum system clock of 12-to-24 MHz. By contrast, the CIP-51 core exe-
cutes 70% of its instructions in one or two system clock cycles, with only four instructions taking more than
four system clock cycles.

The CIP-51 has a total of 109 instructions. The table below shows the total number of instructions that
require each execution time.

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

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

With the CIP-51's maximum system clock at 25 MHz, it has a peak throughput of 25 MIPS.

1.2.3. Additional Features

The Si106x/108x SoC family includes several key enhancements to the CIP-51 core and peripherals to
improve performance and ease of use in end applications.

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

Eight reset sources are available: power-on reset circuitry (POR), an on-chip Vpp monitor (forces reset
when power supply voltage drops below safe levels), a watchdog timer, a Missing Clock Detector, SmaRT-
Clock oscillator fail or alarm, a voltage level detection from Comparator0, a forced software reset, an exter-
nal reset pin, and an illegal flash access protection circuit. Each reset source except for the POR, Reset
Input Pin, or flash error may be disabled by the user in software. The WDT may be permanently disabled in
software after a power-on reset during MCU initialization.

The internal oscillator factory is calibrated to 24.5 MHz and is accurate to +2% over the full temperature
and supply range. The internal oscillator period can also be adjusted by user firmware. An additional
20 MHz low power oscillator is also available which facilitates low-power operation. An external oscillator
drive circuit is included, allowing an external crystal, ceramic resonator, capacitor, RC, or CMOS clock
source to generate the system clock. If desired, the system clock source may be switched between both
internal and external oscillator circuits. An external oscillator can also be extremely useful in low power
applications, allowing the MCU to run from a slow (power saving) source, while periodically switching to
the fast (up to 25 MHz) internal oscillator as needed.

18 Rev. 1.0
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1.3. Port Input/Output

Digital and analog resources are available through 11 I/O pins. Four additional GPIO pins are available
through the radio peripheral. Port pins are organized as three byte-wide ports. Port pins P0.0—P0.6 and
P1.4—P1.6 can be defined as digital or analog I/0. Digital 1/O pins can be assigned to one of the internal
digital resources or used as general purpose 1/0 (GPIO). Analog I/O pins are used by the internal analog
resources. P2.7 can be used as GPIO and is shared with the C2 Interface Data signal (C2D). See Section
“33. Device Specific Behavior” on page 352 for more details.

The designer has complete control over which digital and analog functions are assigned to individual port
pins and is limited only by the number of physical I/0 pins. This resource assignment flexibility is achieved
through the use of a Priority Crossbar Decoder. See Section “20.3. Priority Crossbar Decoder” on
page 221 for more information on the crossbar.

All Px.x Port I/0Os are 5V tolerant when used as digital inputs or open-drain outputs. For Port I/Os config-
ured as push-pull outputs, current is sourced from the VDD_MCU supply. Port I/0Os used for analog func-
tions can operate up to the VDD_MCU supply voltage. See Section “20.1. Port I/O Modes of Operation” on
page 218 for more information on Port 1/0O operating modes and the electrical specifications chapter for
detailed electrical specifications.

XBRO, XBR1, Port Match
XBR2, PnSKIP POMASK, POMAT
Registers P1MASK, PIMAT
\ 4
.. External Interrupts
Priority EXO and EX1
Decoder
PnMDOUT,
2, PnMDIN Registers
Highest UART |« va >
Priority
SPI0 |, 4y R
SPI1 | /7 d
" 5 P0.0
g SMBus [¢—4% iqi
ko) us 7 ”| Digital PO :
2 Crossbar 8 o .
b CPO 4 —<-9—e->| Cells
o)) /
a CP1 ~ > P0.6
g Outputs :li *
£ SYSCLK - 8 P14
d (+.—> P1
PCA l—Z R o) P15
7 Cells
Lowest 10 71 le 2, P1.6
Priority ’ [~ 7 i
8 ] 2
‘ q & >
PO | (P0.0-P0’7) «— »| po
@ [ /10
8 Cell] |  jzmo-————-
© ' [
P2.7
T P1 | P1.0P1T) l_g______l
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£ 8 (ADCO, CPO, and CP1 inputs, <=’ No analog functionality
= | VREF, AGND) available on P2.7
P2 | (P2.0-P27)
l—re Note: P0.7, P1.0, P1.1, P1.2 and P1.3 are internally connected to the

- radio peripheral. P1.7 and P2.0 — P2.6 are not internally or externally
connected.

Figure 1.4. Port I/O Functional Block Diagram
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1.4. Serial Ports

The Si106x/108x family includes an SMBus/I2C interface, a full-duplex UART with enhanced baud rate
configuration, and an Enhanced SPI interface. Each of the serial buses is fully implemented in hardware
and makes extensive use of the CIP-51's interrupts, thus requiring very little CPU intervention. There is
also a dedicated radio serial interface (SPI1) to allow communication with the radio peripheral.

1.5. Programmable Counter Array

An on-chip Programmable Counter/Timer Array (PCA) is included in addition to the four 16-bit general pur-
pose counter/timers. The PCA consists of a dedicated 16-bit counter/timer time base with six programma-
ble capture/compare modules. The PCA clock is derived from one of six sources: the system clock divided
by 12, the system clock divided by 4, Timer 0 overflows, an External Clock Input (ECI), the system clock, or
the external oscillator clock source divided by 8.

Each capture/compare module can be configured to operate in a variety of modes: edge-triggered capture,
software timer, high-speed output, pulse width modulator (8, 9, 10, 11, or 16-bit), or frequency output. Addi-
tionally, Capture/Compare Module 5 offers watchdog timer capabilities. Following a system reset, Module 5
is configured and enabled in WDT mode. The PCA Capture/Compare Module I/O and External Clock Input
may be routed to Port I/O via the Digital Crossbar.

SYSCLK/12

SYSCLK/4
Timer0 Overflow | PCA
ECI
SYSCLK

External Clock/8

CLOCK 16 -Bit Counter/Timer
» MUX

Capture/ Compare, Capture/ Compare Capture/ Compare, Capture/ Compare Capture/ Compare| Capture/ Compare|

Module 0 Module 1 Module2 Module 3 Module 4 Module5 / WDT

A A A A A A
m (@] (@] (@] (@] (@] o
@) m m m m m m
= x x x x x x
o - N w »~ (6]

A 4 Y Y Y

Crossbar
r"""' TTTTTTTA

Figure 1.5. PCA Block Diagram
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1.6. 10-bit SAR ADC with 16-bit Auto-Averaging Accumulator and Autonomous
Low Power Burst Mode

Si106x/108x devices have a 300 ksps, 10-bit successive-approximation-register (SAR) ADC with inte-
grated track-and-hold and programmable window detector. 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 automati-
cally average the ADC results, providing an effective 11, 12, or 13-bit ADC result without any additional
CPU intervention.

The ADC can sample the voltage at any of the MCU GPIO pins (with the exception of P2.7) and has an on-
chip attenuator that allows it to measure voltages up to twice the voltage reference. Additional ADC inputs
include an on-chip temperature sensor, the VDD_MCU supply voltage, the VBAT supply voltage, and the
internal digital supply voltage.

ADCOCN
pd el g g(s g
giElZ212(2|5|0|0
Sle|g|m|S S|S|S
Qlx|a|lo| e glal8
<|[D|<|O|a 222
) <| <
| A 4 T
vy VDD sr | 000 [——ADOBUSY (W)
ADCOTK |—] Corvarsion | 001 —— Timer 0 Overflow
Burst Mode Logic onversion .
ADCOPWR |_> 010 Timer 2 Overflow
011 ——— Timer 3 Overflow
100 ——— CNVSTR Input

AIN+ R SAR _"’

16-Bit Accumulator

L,
<
L c
3
o
y
| ADCOH || ADCOL |
A A
Y A

I T L
| w
O xx
& ADOWINT
? t
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- | 1 Compare
tleia=s|euls 32 Logic
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Figure 1.6. ADCO Functional Block Diagram
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Figure 1.7. ADCO Multiplexer Block Diagram

1.7. Comparators

Si106x/108x devices include two on-chip programmable voltage comparators: Comparator 0 (CPTO0),
which is shown in Figure 1.8, and Comparator 1 (CPT1), which is shown in Figure 1.9. The two compara-
tors operate identically but may differ in their ability to be used as reset or wake-up sources. See Section
“17. Reset Sources” on page 185 and Section “13. Power Management” on page 160 for details on reset
sources and low power mode wake-up sources, respectively.

The comparators offer programmable response time and hysteresis, an analog input multiplexer, and two
outputs that are optionally available at the Port pins: a synchronous “latched” output (CP0O, CP1), or an
asynchronous “raw” output (CPOA, CP1A). The asynchronous CPOA signal is available even when the
system clock is not active. This allows the comparator to operate and generate an output when the device
is in some low power modes.

The comparator inputs may be connected to Port I/O pins or to other internal signals. Port pins may also be
used to directly sense capacitive touch switches. See Application Note “AN338: Capacitive Touch Sense
Solution” for details on Capacitive Touch Switch sensing.
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2. Si1l06x/108x Ordering Information

Table 2.1. Orderable Part Number

Orderable Part Radio Flash RAM DC-DC Frequency Max Max Data Sensitivity Advanced
Number Boost N Output Rate Max 40Kbps, Features*

R s Power GFSK

SEEEF2

w o v o |

N DN o (8

N e

S [ I [ To T [ N PN

< |© [N B (3

= [N | |0 |
Si1060-A-GM | EZRadioPro | 64 KB 4 KB No v v | v | v | +20 dBm 1 Mbps -126 dBm | -110 dBm Yes
Si1062-A-GM | EZRadioPro | 64 KB 4 KB Yes viv|iv]|v]|v|+13dBm 1 Mbps -126 dBm | -110 dBm Yes
Si1064-A-GM EZRadio 64 KB 4 KB Yes VI ivI|v +13 dBm | 500 kbps | -116 dBm | -108 dBm No
Si1061-A-GM | EZRadioPro | 32 KB 4 KB No v iv|v]|v]v]+20dBm 1 Mbps -126 dBm | -110 dBm Yes
Si1063-A-GM | EZRadioPro | 32 KB 4 KB Yes v iv|v]|v]v]|+13dBm 1 Mbps -126 dBm | -110 dBm Yes
Si1065-A-GM EZRadio 32 KB 4 KB Yes VI iv| v +13 dBm | 500 kbps | -116 dBm | -108 dBm No
Si1080-A-GM | EZRadioPro | 16 KB | 768 bytes No viv|iv]|v]|v]|+20dBm 1 Mbps -126 dBm | -110 dBm Yes
Si1082-A-GM | EZRadioPro | 16 KB | 768 bytes Yes viv|iv]|v]|v|+13dBm 1 Mbps -126 dBm | -110 dBm Yes
Si1084-A-GM EZRadio 16 KB | 768 bytes Yes VI iv| v +13 dBm | 500 kbps | -116 dBm | -108 dBm No
Si1081-A-GM | EZRadioPro | 8 KB 768 bytes No v iv|v]|v]v]+20dBm 1 Mbps -126 dBm | -110 dBm Yes
Si1083-A-GM | EZRadioPro | 8 KB 768 bytes Yes v iv|v]|v]v]|+13dBm 1 Mbps -126 dBm | -110 dBm Yes
Si1085-A-GM EZRadio 8 KB 768 bytes Yes VI iv| v +13 dBm | 500 kbps | -116 dBm | -108 dBm No

Note: Advanced features include antenna diversity, narrowband support and autonomous low-duty cycle support.

: ]
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3. Pinout and Package Definitions

Table 3.1. Si1060/Si1061/Si1080/Si1081 Pin Definitions

Pin Designation Description
1 P2.7/C2D Port 2.7. This pin can only be used as GPIO. The Crossbar cannot route
signals to this pin and it cannot be configured as an analog input. See Port
I/0 section for a complete
description. Bi-directional data signal for the C2 Debug Interface.
2 XTAL4 SmaRTClock Oscillator Crystal Output.
See Section 20 for a complete description.
3 XTAL3 SmaRTClock Oscillator Crystal Input.
See Section 20 for a complete description.
4 P1.6 Port 1.6. See Port I/O section for a complete description.
5 P1.5 Port 1.5. See Port I/O section for a complete description.
6 P1.4 Port 1.4. See Port I/O section for a complete description.
7 XOUT Crystal Oscillator Output.
Connect to an external 25 to 32 MHz crystal, or leave floating when driving
with an external source on XIN.
8 XIN Crystal Oscillator Input.
Connect to an external 25 to 32 MHz crystal, or connect to an external
source.
9 GND_RF Required ground for the digital and analog portions of the EZRadioPRO
peripheral.
10 GPIO2 General Purpose I/O controlled by the EZRadioPRO peripheral.
May be configured through the EZRadioPRO registers to perform various
functions including: Clock Output, FIFO status, POR, Wake-Up Timer,
TRSW, AntDiversity control, etc. See the EZRadioPRO GPIO Configuration
Registers for more information.
11 GPIO3 General Purpose I/O controlled by the EZRadioPRO peripheral.
May be configured through the EZRadioPRO registers to perform various
functions including: Clock Output, FIFO status, POR, Wake-Up Timer,
TRSW, AntDiversity control, etc. See the EZRadioPRO GPIO Configuration
Registers for more information.
12 RXP EZRadioPRO peripheral differential RF input pins of the LNA. See applica-
tion schematic for example matching network.
13 RXN EZRadioPRO peripheral differential RF input pins of the LNA. See applica-
tion schematic for example matching network.
14 GND_RF Required ground for the digital and analog portions of the EZRadioPRO
peripheral.
15 GND_RF Required ground for the digital and analog portions of the EZRadioPRO
peripheral.
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Table 3.1. Si1060/Si1061/Si1080/Si1081 Pin Definitions (Continued)

Pin

Designation

Description

16

X

EZRadioPRO peripheral transmit RF output pin. The PA output is an open-
drain connection so the L-C match must supply 1.8 to 3.6 VDC to this pin.

17

GND_RF

Required ground for the digital and analog portions of the EZRadioPRO
peripheral.

18

VDD_RF

Power Supply Voltage for the analog portion of the EZRadioPRO periph-
eral. Must be 1.8 to0 3.6 V.

19

TXRAMP

Programmable Bias Output with Ramp Capability for external FET PA.

20

VDD_RF

Power Supply Voltage for the analog portion of the EZRadioPRO periph-
eral. Mustbe 1.8 t0 3.6 V.

21

GPIOO

General Purpose I/O controlled by the EZRadioPRO peripheral.

May be configured through the EZRadioPRO registers to perform various
functions including: Clock Output, FIFO status, POR, Wake-Up Timer,
TRSW, AntDiversity control, etc. See the EZRadioPRO GPIO Configuration
Registers for more information.

22

GPIO1

General Purpose I/O controlled by the EZRadioPRO peripheral.

May be configured through the EZRadioPRO registers to perform various
functions including: Clock Output, FIFO status, POR, Wake-Up Timer,
TRSW, AntDiversity control, etc. See the EZRadioPRO GPIO Configuration
Registers for more information.

23

IRQ

EZRadioPRO peripheral interrupt status pin. Will be set low to indicate a
pending EZRadioPRO interrupt event. See the EZRadioPRO Control Logic
Registers for more details. This pin is an open-drain output with a 220 k
internal pullup resistor. An external pull-up resistor is recommended.

24

PO.6/CNVSTR

Port 0.6. See Port I/O section for a complete description.
External Convert Start Input for ADCO. See ADCO section for a complete
description.

25

P0.5/RX

Port 0.5. See Port I/O section for a complete description.
UART RX Pin. See Port I/O section.

26

P0.4/TX

Port 0.4. See Port I/O section for a complete description.
UART TX Pin. See Port I/O section.

27

PO.3/XTAL2

Port 0.3. See Port I/O Section for a complete description.

External Clock Output. This pin is the excitation driver for an external crystal
or resonator.

External Clock Input. This pin is the external clock input in external CMOS
clock mode.

External Clock Input. This pin is the external clock input in capacitor or RC
oscillator configurations.

See Oscillator section for complete details.

28

P0.2/XTAL1

Port 0.2. See Port I/O Section for a complete description.
External Clock Input. This pin is the external oscillator return for a crystal or
resonator. See Oscillator section.

26

Rev. 1.0

SILICON LABS



Si1106x/108x

Table 3.1. Si1060/Si1061/Si1080/Si1081 Pin Definitions (Continued)

Pin Designation Description

29 P0.1/AGND |Port 0.1. See Port I/O Section for a complete description.
Optional Analog ground. See VREF chapter.

30 P0.0/VREF Port 0.0. See Port I/O section for a complete description.
External VREF Input.
Internal VREF Output. External VREF decoupling capacitors are recom-
mended. See Voltage Reference section.

31 GND_MCU Required ground for the entire MCU except for the EZRadioPRO peripheral

32 NC No Connect

33 VDD _MCU Power Supply Voltage for the entire MCU except for the EZRadioPRO
peripheral. Must be 1.8 to 3.6 V. This supply voltage is not required in low
power sleep mode. This voltage must always be > VBAT.

34 NC No Connect

35 NC No Connect

36 RST/C2CK Device Reset. Open-drain output of internal POR or VDD monitor. An exter-

nal source can initiate a system reset by driving this pin low for at least 15
ps. A 1-5 k pullup to VDD_MCU is recommended. See Reset Sources sec-
tion for a complete description.

Clock signal for the C2 Debug Interface.
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Table 3.2. Si1062/Si1063/Si1082/Si1083 Pin Definitions

Pin Designation Description
1 P2.7/C2D Port 2.7. This pin can only be used as GPIO. The Crossbar cannot route sig-
nals to this pin and it cannot be configured as an analog input. See Port 1/O
section for a complete
description. Bi-directional data signal for the C2 Debug Interface.
2 XTAL4 SmaRTClock Oscillator Crystal Output.
See Section 20 for a complete description.
3 XTAL3 SmaRTClock Oscillator Crystal Input.
See Section 20 for a complete description.
4 P1.6 Port 1.6. See Port I/O section for a complete description.
5 P1.5 Port 1.5. See Port I/O section for a complete description.
6 P1.4 Port 1.4. See Port I/O section for a complete description.
7 XOUT Crystal Oscillator Output.
Connect to an external 25 to 32 MHz crystal or leave floating when driving
with an external source on XIN.
8 XIN Crystal Oscillator Input.
Connect to an external 25 to 32 MHz crystal or connect to an external source.
9 GND_RF Required ground for the digital and analog portions of the EZRadioPRO
peripheral.
10 GPIO2 General Purpose I/0O controlled by the EZRadioPRO peripheral.
May be configured through the EZRadioPRO registers to perform various
functions including: Clock Output, FIFO status, POR, Wake-Up Timer,
TRSW, AntDiversity control, etc. See the EZRadioPRO GPIO Configuration
Registers for more information.
11 GPIO3 General Purpose I/0O controlled by the EZRadioPRO peripheral.
May be configured through the EZRadioPRO registers to perform various
functions including: Clock Output, FIFO status, POR, Wake-Up Timer,
TRSW, AntDiversity control, etc. See the EZRadioPRO GPIO Configuration
Registers for more information.
12 RXP EZRadioPRO peripheral differential RF input pins of the LNA. See application
schematic for example matching network.
13 RXN EZRadioPRO peripheral differential RF input pins of the LNA. See application
schematic for example matching network.
14 TX EZRadioPRO peripheral transmit RF output pin. The PA output is an open-
drain connection so the L-C match must supply 1.8 to 3.6 VDC to this pin.
15 GND_RF Required ground for the digital and analog portions of the EZRadioPRO
peripheral.
16 GND_RF Required ground for the digital and analog portions of the EZRadioPRO
peripheral.
17 GND_RF Required ground for the digital and analog portions of the EZRadioPRO
peripheral.
28 Rev. 1.0 )
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Table 3.2. Si1062/Si1063/Si1082/Si1083 Pin Definitions (Continued)

Pin

Designation

Description

18

VDD_RF

Power Supply Voltage for the analog portion of the EZRadioPRO peripheral.
Must be 1.8 to 3.6 V.

19

TXRAMP

Programmable Bias Output with Ramp Capability for External FET PA.

20

VDD_RF

Power Supply Voltage for the analog portion of the EZRadioPRO peripheral.
Must be 1.8 to 3.6 V.

21

GPIO0

General Purpose I/0O controlled by the EZRadioPRO peripheral.

May be configured through the EZRadioPRO registers to perform various
functions including: Clock Output, FIFO status, POR, Wake-Up Timer, TRSW,
AntDiversity control, etc. See the EZRadioPRO GPIO Configuration Regis-
ters for more information.

22

GPI101

General Purpose I/0O controlled by the EZRadioPRO peripheral.

May be configured through the EZRadioPRO registers to perform various
functions including: Clock Output, FIFO status, POR, Wake-Up Timer, TRSW,
AntDiversity control, etc. See the EZRadioPRO GPIO Configuration Regis-
ters for more information.

23

IRQ

EZRadioPRO peripheral interrupt status pin. Will be set low to indicate a
pending EZRadioPRO interrupt event. See the EZRadioPRO Control Logic
Registers for more details. This pin is an open-drain output with a 220 k inter-
nal pullup resistor. An external pull-up resistor is recommended.

24

P0.6/CNVSTR

Port 0.6. See Port I/0O section for a complete description.
External Convert Start Input for ADCO. See ADCO section for a complete
description.

25

P0.5/RX

Port 0.5. See Port I/O section for a complete description.
UART RX Pin. See Port I/O section.

26

P0.4/TX

Port 0.4. See Port I/O section for a complete description.
UART TX Pin. See Port I/O section.

27

P0.3/XTAL2

Port 0.3. See Port I/O Section for a complete description.

External Clock Output. This pin is the excitation driver for an external crystal
or resonator.

External Clock Input. This pin is the external clock input in external CMOS
clock mode.

External Clock Input. This pin is the external clock input in capacitor or RC
oscillator configurations.

See Oscillator section for complete details.

28

PO.2/XTAL1

Port 0.2. See Port I/O Section for a complete description.
External Clock Input. This pin is the external oscillator return for a crystal or
resonator. See Oscillator section.

29

P0.1/AGND

Port 0.1. See Port I/O Section for a complete description.
Optional Analog ground. See VREF chapter.
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Table 3.2. Si1062/Si1063/Si1082/Si1083 Pin Definitions (Continued)

Pin

Designation

Description

30

PO.0/VREF

Port 0.0. See Port I/O section for a complete description.

External VREF Input.

Internal VREF Output. External VREF decoupling capacitors are recom-
mended. See Voltage Reference section.

31

GND_MCU/DC-

DC-DC converter return current path. In single-cell battery mode, this pin is
typically not connected to ground.
In dual-cell battery mode, this pin must be connected directly to ground.

32

GND_MCU/
VBAT-

Required ground for the entire MCU except for the EZRadioPRO
peripheral.

33

VDD_MCU/DC+

Power Supply Voltage. Must be 1.8 to 3.6 V. This supply voltage is not
required in low power sleep mode. This voltage must always be > VBAT.
Positive output of the dc-dc converter. In single-cell battery mode, a 1 pyF
ceramic capacitor is required between DC+ and DC-. This pin can supply
power to external devices when operating in single-cell battery mode.

34

DCEN

DC-DC Enable Pin. In single-cell battery mode, this pin must be connected to
VBAT through a 0.68 pH inductor.
In dual-cell battery mode, this pin must be connected directly to ground.

35

VBAT+

Battery Supply Voltage. Must be 0.9 to 1.8 V in single-cell battery mode and
1.8 to 3.6 V in dual-cell battery mode.

36

RST/C2CK

Device Reset. Open-drain output of internal POR or VDD monitor. An exter-
nal source can initiate a system reset by driving this pin low for at least 15 ps.
A 1-5 k pullup to VDD_MCU is recommended. See Reset Sources section for
a complete description.

Clock signal for the C2 Debug Interface.

30
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Table 3.3. Si1064/Si1065/Si1084/Si1085 Pin Definitions

Pin | Designation Description
1 P2.7/C2D |Port 2.7. This pin can only be used as GPIO. The Crossbar cannot route signals
to this pin and it cannot be configured as an analog input. See Port I/O section for
a complete
description. Bi-directional data signal for the C2 Debug Interface.
2 XTAL4 SmaRTClock Oscillator Crystal Output.
See Section 20 for a complete description.
3 XTAL3 SmaRTClock Oscillator Crystal Input.
See Section 20 for a complete description.
4 P1.6 Port 1.6. See Port I/O section for a complete description.
5 P1.5 Port 1.5. See Port I/O section for a complete description.
6 P1.4 Port 1.4. See Port I/O section for a complete description.
7 XOuUT Crystal Oscillator Output.
8 XIN Crystal Oscillator Input.
No bias required, but if used should be set to 0.7V. Also used for external TCXO
input.
GND_RF | Required ground for the digital and analog portions of the EZRadio peripheral.
10 GPIO2 General Purpose I/O controlled by the EZRadio peripheral.
May be configured through the EZRadio registers to perform various functions
including: Clock Output, FIFO status, POR, Wake-Up Timer, TRSW, AntDiversity
control, etc. See the EZRadio GPIO Configuration Registers for more information.
11 GPIO3 General Purpose I/O controlled by the EZRadio peripheral.
May be configured through the EZRadio registers to perform various functions
including: Clock Output, FIFO status, POR, Wake-Up Timer, TRSW, AntDiversity
control, etc. See the EZRadio GPIO Configuration Registers for more information.
12 RXP EZRadio peripheral differential RF input pins of the LNA. See application sche-
matic for example matching network.
13 RXN EZRadio peripheral differential RF input pins of the LNA. See application sche-
matic for example matching network.
14 TX EZRadio peripheral transmit RF output pin. The PA output is an open-drain con-
nection so the L-C match must supply 1.8 to 3.6 VDC to this pin.
15 GND_RF | Required ground for the digital and analog portions of the EZRadio peripheral.
16 GND_RF | Required ground for the digital and analog portions of the EZRadio peripheral.
17 GND_RF | Required ground for the digital and analog portions of the EZRadio peripheral.
18 VDD_RF |Power Supply Voltage for the analog portion of the EZRadio peripheral. Must be
1.8t03.6 V.
19 NC No Connect
20 VDD_RF |Power Supply Voltage for the analog portion of the EZRadio peripheral. Must be

1.8t03.6 V.
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Table 3.3. Si1064/Si1065/Si1084/Si1085 Pin Definitions (Continued)

Pin | Designation Description

21 GPIOO General Purpose I/0O controlled by the EZRadio peripheral.
May be configured through the EZRadio registers to perform various functions
including: Clock Output, FIFO status, POR, Wake-Up Timer, TRSW, AntDiversity
control, etc. See the EZRadio GPIO Configuration Registers for more information.

22 GPIO1 General Purpose I/O controlled by the EZRadio peripheral.
May be configured through the EZRadio registers to perform various functions
including: Clock Output, FIFO status, POR, Wake-Up Timer, TRSW, AntDiversity
control, etc. See the EZRadio GPIO Configuration Registers for more information.

23 IRQ EZRadio peripheral interrupt status pin. Will be set low to indicate a pending
EZRadio interrupt event. See the EZRadio Control Logic Registers for more
details. This pin is an open-drain output with a 220 k internal pullup
resistor. An external pull-up resistor is recommended.

24 PO0.6/ Port 0.6. See Port I/O section for a complete description.

CNVSTR | External Convert Start Input for ADCO. See ADCO section for a complete descrip-

tion.

25 P0.5/RX Port 0.5. See Port I/O section for a complete description.
UART RX Pin. See Port I/O section.

26 P0.4/TX Port 0.4. See Port I/O section for a complete description.
UART TX Pin. See Port I/O section.

27 P0.3/XTAL2 |Port 0.3. See Port I/0O Section for a complete description.
External Clock Output. This pin is the excitation driver for an external crystal or
resonator.
External Clock Input. This pin is the external clock input in external CMOS clock
mode.
External Clock Input. This pin is the external clock input in capacitor or RC oscilla-
tor configurations.
See Oscillator section for complete details.

28 P0.2/XTAL1 |Port 0.2. See Port I/0 Section for a complete description.
External Clock Input. This pin is the external oscillator return for a crystal or reso-
nator. See Oscillator section.

29 P0.1/AGND |Port 0.1. See Port I/O Section for a complete description.
Optional Analog ground. See VREF chapter.

30 P0.0O/VREF | Port 0.0. See Port I/O section for a complete description.
External VREF Input.
Internal VREF Output. External VREF decoupling capacitors are recommended.
See Voltage Reference section.

31 GND_MCU/ |DC-DC converter return current path. In single-cell battery mode, this pin is typi-

DC- cally not connected to ground.

In dual-cell battery mode, this pin must be connected directly to ground.

32 GND_MCU/ |Required ground for the entire MCU except for the EZRadio peripheral.

VBAT-

32
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Table 3.3. Si1064/Si1065/Si1084/Si1085 Pin Definitions (Continued)

Pin | Designation Description
33 VDD_MCU/ | Power Supply Voltage. Must be 1.8 to 3.6 V. This supply voltage is not required in
DC+ low power sleep mode. This voltage must always be > VBAT.

Positive output of the dc-dc converter. In single-cell battery mode, a 1 yF ceramic
capacitor is required between DC+ and DC-. This pin can supply power to exter-
nal devices when operating in single-cell battery mode.

34 DCEN DC-DC Enable Pin. In single-cell battery mode, this pin must be connected to
VBAT through a 0.68 pH inductor.
In dual-cell battery mode, this pin must be connected directly to ground.

35 VBAT+ Battery Supply Voltage. Must be 0.9 to 1.8 V in single-cell battery mode and 1.8 to
3.6 V in dual-cell battery mode.

36 RST/C2CK | Device Reset. Open-drain output of internal POR or VDD monitor. An external

source can initiate a system reset by driving this pin low for at least 15 ys. A 1-5k
pullup to VDD_MCU is recommended. See Reset Sources section for a complete
description.

Clock signal for the C2 Debug Interface.
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Table 3.4. QFN-36 Package Dimensions

Dimension Min Nom Max
A 0.70 0.75 0.80
A1 0.00 0.02 0.05
0.20 0.25 0.30

D 5.00 BSC
D2 3.55 3.60 3.65

e 0.50 BSC

E 6.00 BSC
E2 4.05 4.10 415
L 0.30 0.40 0.50
aaa — — 0.10
bbb — — 0.10
cce — — 0.08
ddd — — 0.10

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 MO-220, Variation

VHJD.

SILICON LABS
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Table 3.5. QFN-36 PCB Land Pattern Dimensions

Dimension mm
C1 4.90
C2 5.90
E 0.50
X1 0.30
Y1 0.85
X2 3.65
Y2 4.15
Notes:
General

1. All dimensions shown are at Maximum Material Condition (MMC). Least Material Condition
(LMC) is calculated based on a Fabrication Allowance of 0.05 mm.
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 pins.
7. A 2x2 array of 1.550 mm x 1.300 mm square openings on 1.05 mm pitch should be used for
the center ground pad.
Card Assembly
8. A No-Clean, Type-3 solder paste is recommended.
9. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for
Small Body Components.
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4. Electrical Characteristics

In sections 4.1 and 4.2, “Vpp” refers to the VDD_MCU supply voltage on Si1060/1, Si1080/1 devices and

to the VDD_MCU/DC+ supply voltage on Si1062/3/4/5, Si1082/3/4/5 devices. The ADC, Comparator, and
Port 1/0O specifications in these two sections do not apply to the radio peripheral.

In section 4.3, “Vpp” refers to the VDD_RF Supply Voltage. All specifications in these sections pertain to

the radio peripheral.

4.1. Absolute Maximum Specifications
Table 4.1. Absolute Maximum Ratings

Parameter Test Condition Min Typ Max Unit
Storage Temperature -65 — 150 °C
Voltage on any Px.x I/O Pin or Vpp>22V -0.3 — 5.8 \Y
RST with Respect to GND Vpp<22V -0.3 — Vpp + 3.6
Voltage on VBAT with respect to One-Cell Mode -0.3 — 2.0 Y
GND Two-Cell Mode -0.3 — 4.0
Voltage on VDD_MCU or -0.3 — 4.0 \Y,
VDD_MCU/DC+ with respect to
GND
Maximum Total Current through — — 500 mA
VBAT, DCEN, VDD_MCU/DC+ or
GND
Maximum Output Current Sunk — — 100 mA
by RST or any Px.x Pin
Maximum Total Current through — — 200 mA
all Px.x Pins
DC-DC Converter Output Power — — 110 mW
ESD (Human Body Model) All pins except TX, RXp, — — 2 kV
and RXn

TX, RXp, and RXn — — 1 kV

ESD (Machine Model) All pins except TX, RXp, — — 150 \%
and RXn
TX, RXp, and RXn — — 45 \%

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

SILICON LABS
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4.2. MCU Electrical Characteristics

Table 4.2. Global Electrical Characteristics
—40 to +85 °C, 25 MHz system clock unless otherwise specified. See "AN358: Optimizing Low Power Operation of the
‘FIxx" for details on how to achieve the supply current specifications listed in this table.

Parameter Test Condition Min | Typ | Max Unit
Battery Supply Voltage (VBAT) One-Cell Mode 0.9 1.2 1.8 \Y,
Two-Cell Mode 1.8 24 3.6
Supply Voltage One-Cell Mode 1.8 1.9 3.6 V
(vDD_MCU/DCH+) Two-Cell Mode 1.8 2.4 3.6
Minimum RAM Data VDD (not in Sleep Mode) — 1.4 — \Y,
SYSCLK (System Clock)? 0 — | 25 | MHz
TsysH (SYSCLK High Time) 18 — — ns
TsysL (SYSCLK Low Time) 18 — — ns
Specified Operating —40 — +85 °C

Temperature Range

Digital Supply Current—CPU Active (Normal Mode, fetching instructions from flash)

Ipp >+ %678 Vpp = 1.8-3.6 V, F = 24.5 MHz — | 41 ] 50 mA
(includes precision oscillator current)

Vpp =1.8-3.6 V, F =20 MHz — 3.5 — mA
(includes low power oscillator current)

Vpp=1.8V,F=1MHz — | 295 | — HA

Vpp =3.6V,F=1MHz — | 365 | — HA

(includes external oscillator/GPIO cur-
rent)

Vpp=1.8-3.6 'V, F =32.768 kHz — 90 — MA
(includes SmaRTClock oscillator cur-
rent)

IPB Frequency Sensitivity3: % 6 Vpp =1.8-3.6 V, T=25°C, — | 226 | — |pA/MHz
: F <10 MHz (flash oneshot active, see
12.6)

Vpp =1.8-3.6V, T =25 °C, — | 120 | — |uWA/MHz
F > 10 MHz (flash oneshot bypassed,
see 12.6)
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Table 4.2. Global Electrical Characteristics (Continued)
—40 to +85 °C, 25 MHz system clock unless otherwise specified. See "AN358: Optimizing Low Power Operation of the
‘FIxx" for details on how to achieve the supply current specifications listed in this table.

Parameter Test Condition Min | Typ | Max Unit
Digital Supply Current—CPU Inactive (Idle Mode, not fetching instructions from flash)
Ipp™ 878 Vpp = 1.8-3.6 V, F = 24.5 MHz — | 25 | 30 mA
(includes precision oscillator current)
Vpp = 1.8-3.6 V, F = 20 MHz — | 18 | — mA
(includes low power oscillator current)
Vpp=1.8V,F=1MHz — | 165 | — HA
Vpp=3.6V,F=1MHz — | 23 | — HA
(includes external oscillator/GPIO cur-
rent)
Vpp = 1.8-3.6 V, F = 32.768 kHz — | 8 | — HA
(includes SmaRTClock oscillator
current)
Ipp Frequency Sensitivity 68 Vpp = 1.8-3.6 V, T=25°C — | 95 | — |WAMHz
Digital Supply Current—Suspend and Sleep Mode
Digital Supply Current®7:8 Vpp = 1.8-3.6 V, two-cell mode — |7 = HA
(Suspend Mode)
Digital Supply Current® 1.8V, T=25°C — | 061 | — HA
(Sleep Mode, SmaRTClock 3.0V, T=25°C — | 076 | —
running) 36V, T=25°C — | 087 | —
1.8V, T=85°C — 1132 | —
30V, T=85 °C - 1.62 _
36V, T=85°C — 193 | —
(includes SmaRTClock oscillator and '
brownout detector)
Digital Supply Current® 1.8V, T=25°C — | 006 | — HA
(Sleep Mode) 3.0V, T=25°C — 1009 | —
36V, T=25°C — 014 | —
1.8V, T=85°C _ 0.77 _
3.0V, T=85°C — 1092 | —
36V, T=85°C N e
(includes brownout detector) |
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Table 4.2. Global Electrical Characteristics (Continued)
—40 to +85 °C, 25 MHz system clock unless otherwise specified. See "AN358: Optimizing Low Power Operation of the
‘FIxx" for details on how to achieve the supply current specifications listed in this table.

Parameter Test Condition Min | Typ | Max Unit

Notes:
1. Based on device characterization data; Not production tested.

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

3. Digital Supply Current depends upon the particular code being executed. The values in this table are obtained
with the CPU executing an “sjmp $” loop, which is the compiled form of a while(1) loop in C. One iteration
requires 3 CPU clock cycles, and the flash memory is read on each cycle. The supply current will vary slightly
based on the physical location of the sjmp instruction and the number of flash address lines that toggle as a
result. In the worst case, current can increase by up to 30% if the sjmp loop straddles a 128-byte flash
address boundary (e.g., 0x007F to 0x0080). Real-world code with larger loops and longer linear sequences
will have few transitions across the 128-byte address boundaries.

4. Includes oscillator and regulator supply current.

5. IDD can be estimated for frequencies <10 MHz by simply multiplying the frequency of interest by the
frequency sensitivity number for that range, then adding an offset of 90 yA. When using these numbers to
estimate Ipp for >10 MHz, the estimate should be the current at 25 MHz minus the difference in current
indicated by the frequency sensitivity number. For example: Vpp = 3.0 V; F = 20 MHz, Ipp = 4.1 mA —

(25 MHz - 20 MHz) x 0.120 mA/MHz = 3.5 mA.

6. The Supply Voltage is the voltage at the VDD_MCU pin, typically 1.8 to 3.6 V (default = 1.9 V).
Idle IDD can be estimated by taking the current at 25 MHz minus the difference in current indicated by the
frequency sensitivity number. For example: Vpp = 3.0 V; F =5 MHz, Idle Ipp = 2.5 mA — (25 MHz -
5 MHz) x 0.095 mA/MHz = 0.6 mA.

7. The supply current specifications in Table 4.2 are for two cell mode. The VBAT current in one-cell mode can
be estimated using the following equation:

VBAT Current (one-cell mode) = Supply Voltage x Supply Current (two-cell mode)

DC-DC Converter Efficiency x VBAT Voltage

The VBAT Voltage is the voltage at the VBAT pin, typically 0.9 to 1.8 V.

The Supply Current (two-cell mode) is the data sheet specification for supply current.

The Supply Voltage is the voltage at the VDD/DC+ pin, typically 1.8 to 3.3 V (default = 1.9 V).
The DC-DC Converter Efficiency can be estimated using Figure 4.3-Figure 4.5.

8. The radio peripheral is placed in Shutdown mode.
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Figure 4.1. Active Mode Current (External CMOS Clock)
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Figure 4.4. Typical DC-DC Converter Efficiency (High Current, VDD/DC+ = 3 V)
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Figure 4.5. Typical DC-DC Converter Efficiency (Low Current, VDD/DC+ =2 V)
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Figure 4.6. Typical One-Cell Suspend Mode Current
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Table 4.3. Port I/O DC Electrical Characteristics
Vpp = 1.8 to 3.6 V, —40 to +85 °C unless otherwise specified.

Parameters

Test Condition

Min

Typ

Max

Unit

Output High Voltage

High Drive Strength, PnDRV.n = 1
IOH = -3 mA, Port I/O push-pull

IOH =—-10 pA, Port I/0O push-pull
IOH = -10 mA, Port I/O push-pull

Low Drive Strength, PnDRV.n =0
IOH = -1 mA, Port I/O push-pull
IOH =—-10 pA, Port I/0O push-pull
IOH = -3 mA, Port I/O push-pull

Vpp — 0.7
Vpp — 0.1

Vpp — 0.7
Vpp — 0.1

See Chart

Output Low Voltage

High Drive Strength, PnDRV.n = 1
oL =8.5mA

loL = 10 A

IOL =25 mA

Low Drive Strength, PNDRV.n =0
loL = 1.4 mA

loL =10 pA

loL =4 mA

See Chart

0.6
0.1

0.6
0.1

Input High Voltage

Vpp =2.0t03.6V
Vpp=0.9t02.0V

Vpp — 0.6
0.7 x VDD

Input Low Voltage

Vpp=2.0t03.6V
Vpp =0.9102.0V

0.6
0.3xVDD

< <1< <

Input Leakage
Current

Weal Pullup Off
Weak Pullup On, V=0V, Vpp =18V
Weak Pullup On, Vin=0V, Vpp=3.6 V

20

+1
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Typical VOH (High Drive Mode)
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Figure 4.7. Typical VOH Curves, 1.8-3.6 V
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Voltage
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Figure 4.8. Typical VOH Curves, 0.9-1.8 V
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Typical VOL (High Drive Mode)
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Figure 4.9. Typical VOL Curves, 1.8-3.6 V

55

Rev. 1.0

SILICON LABS



Si1106x/108x

Typical VOL (High Drive Mode)
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Figure 4.10. Typical VOL Curves, 0.9-1.8V
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Table 4.4. Reset Electrical Characteristics
Vpp = 1.810 3.6 V, 40 to +85 °C unless otherwise specified.

Parameter Test Condition Min Typ Max Unit
RST Output Low Voltage loL = 1.4 mA, — — 0.6 \Y
RST Input High Voltage Vpp=2.0to 3.6V Vpp—-0.6| — — Vv
VDD =09to20V 0.7 x VDD — — V
RST Input Low Voltage Vpp=2.0to 3.6V — — 0.6 \
Vpp=09to20V — — 103xVpp| V
RST Input Pullup Current RST=00V,vDD =18V — 4 — MA
RST=0.0V,vDD =36V — 20 35
VDD_MCU Monitor Early Warning 1.8 1.85 1.9 V
Threshold (VrsT) Reset Trigger 1.7 1.75 1.8
(all power modes except Sleep)
Vpp Ramp Time for Power | One-cell Mode: VBAT Ramp 0-0.9 V — — 3 ms
On Two-cell Mode: VBAT Ramp 0-1.8 V
VDD Monitor Threshold Initial Power-On (Vpp Rising) — 0.75 — \%
(Vpor) Brownout Condition (Vpp Falling) 0.7 0.8 0.9
Recovery from Brownout (Vpp Rising) — 0.95 —
Missing Clock Detector Time from last system clock rising edge 100 650 1000 V&S
Timeout to reset initiation
Minimum System Clock w/ | System clock frequency which triggers — 7 10 kHz
Missing Clock Detector a missing clock detector timeout
Enabled
Reset Time Delay Delay between release of any reset — 10 — us
source and code
execution at location 0x0000
Minimum RST Low Time to 15 — — us
Generate a System Reset
Vpp Monitor Turn-on Time — 300 — ns
Vpp Monitor Supply — 7 — MA
Current
57 Rev. 1.0
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Table 4.5. Power Management Electrical Specifications
Vpp = 1.8 to 3.6 V, 40 to +85 °C unless otherwise specified.

Parameter Test Condition Min Typ Max Unit
Idle Mode Wake-up Time 2 — 3 SYSCLKs
Suspend Mode Wake-up Time Low power oscillator — 400 — ns
Precision oscillator — 1.3 — us
Sleep Mode Wake-up Time Two-cell mode — 2 — us
One-cell mode — 10 — us
Table 4.6. Flash Electrical Characteristics
Vpp = 1.8 to 3.6 V, 40 to +85 °C unless otherwise specified.
Parameter Test Condition Min Typ Max Unit
Flash Size Si1060, Si1062, Si1064 65536 — — bytes
Si1061, Si1063, Si1065 32768 — — bytes
Si1080, Si1082, Si1084 16384 — — bytes
Si1081, Si1083, Si1085 8192 — — bytes
Scratchpad Size Si1060-Si1065 1024 — 1024 bytes
Si1080-Si1085 512 — 512 bytes
Endurance 1k 30k — Erase/Write
Cycles
Erase Cycle Time 28 32 36 ms
Write Cycle Time 57 64 71 V&
Notes:
1. 1024 bytes at addresses 0xFCO0O0 to OxFFFF are reserved.
2. 1024 bytes at addresses 0x3C00 to Ox3FFF are reserved.
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Table 4.7. Internal Precision Oscillator Electrical Characteristics
Vpp = 1.810 3.6 V; Ty = —40 to +85 °C unless otherwise specified; Using factory-calibrated settings.

Parameter Test Condition Min Typ Max Unit
Oscillator Frequency 24 245 25 MHz
Oscillator Supply Current 25 °C; includes bias current . 300" . uA
(from Vpp) of 90-100 pA
*Note: Does not include clock divider or clock tree supply current.

Table 4.8. Internal Low-Power Oscillator Electrical Characteristics
Vpp = 1.810 3.6 V; Ty = —40 to +85 °C unless otherwise specified; Using factory-calibrated settings.

Parameter Test Condition Min Typ Max Unit
Oscillator Frequency 18 20 22 MHz
. 25°C
Oscillator Supply Current
PRl No separate bias current — 100* — MA
(from Vpp) )
required.

*Note: Does not include clock divider or clock tree supply current.
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Table 4.9. ADCO Electrical Characteristics
Vpp = 1.8 10 3.6V V, VREF = 1.65 V (REFSL[1:0] = 11), —40 to +85 °C unless otherwise specified.

Parameter Test Condition Min Typ Max Unit
DC Accuracy
Resolution 10 bits
Integral Nonlinearity — 0.5 11 LSB
Differential Nonlinearity Guaranteed Monotonic — 0.5 11 LSB
Offset Error — <1 12 LSB
Full Scale Error — 11 2.5 LSB
Dynamic performance (10 kHz sine-wave single-ended input, 1 dB below Full Scale, 300 ksps)
Signal-to-Noise Plus Distortion 54 58 — dB
Signal-to-Di