WINSDODURCE

ELECTRONICS

THE DATASHEET OF
C8051F226-GQR

www.win-source.net e / SY 0086-755-83957316




SILICON LABS

C8051F2xx
8K ISP FLASH MCU Family

Analog Peripherals
- SARADC

12-bit resolution ('"F206)
8-bit resolution ('F220/1/6)
+1/4 LSB INL (8-bit) and +2 LSB INL (12-bit)
Up to 100 ksps
Up to 32 channel input multiplexer; each port
1/0O pin can be an ADC input

- Two Comparators

16 programmable hysteresis states
Configurable to generate interrupts or reset
- Vpp monitor and brown-out detector

On-Chip JTAG Debug

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

Provides breakpoints, single-stepping, watchpoints,
stack monitor

- Inspect/modify memory and registers

Superior performance to emulation systems using
ICE-chips, target pods, and sockets

- Complete, low cost development kit
High Speed
- 8051 mC Core

- Pipelined Instruction Architecture; Executes 70% of
Instructions in 1 or 2 System Clocks

- Up to 25MIPS Throughput with 25MHz Clock
- Expanded Interrupt Handler

Memory
- 256 bytes internal data RAM
- 1024 bytes XRAM (available on 'F206/226/236)

- 8 kB Flash; In-system programmable in 512 byte
sectors

Digital Peripherals

- Four byte wide Port I/0; All are 5 V tolerant

- Hardware UART and SPI bus

- 3 general purpose 16-bit counter/timers

-  Dedicated watch-dog timer

- Bi-directional reset

- System clock: internal programmable oscillator,
external crystal, external RC, or external clock

Supply Voltage 27t03.6V

- Typical operating current; 10 mA @ 25 MHz

- Multiple power, saving'sleep and shutdown modes

(48-Pin TQFP and 32-Pin LQFP Version
Available)

Temperature Range: —40 to +85 °C

RINERANARINENERENENENEN

-

][]

-' :/SR&; UART

VOLTAGE
COMPARATORS

8051 CPU
(25MIPS)

OG PERIPHERALS

CLOCK
CIRCUIT

DIGITAL llO

SPI Bus

Timer 0

Digital MUX

Timer 1

Timer 2

|Port3HPort2HPort1 HPortO

EMULATION
CIRCUITRY

8K x 8
ISP FLASH

IO [T

SANITY
CONTROL

Rev. 1.7 10/22

Copyright © 2022 by Silicon Laboratories

C8051F2xx-DS14



C8051F2xx

NOTES:

%,

S
Q@
&
9
S
b@
o
&
O@
e
&

SSSSSSSSSSS



C8051F2xx

Table of Contents

1. SyStem OVErVIEW ..ot s 11
1.1. CIP-51TM Microcontroller COIe ..........uuiiiiiiiii e e e e e e eeeeeeaees 15
1.1.1. Fully 8051 Compatible...........coooiiiiiieee e 15

1.1.2. Improved Throughput........cooo oo 15

1.1.3. Additional FEAtUrES ......cccooi i 16

1.2. ON-Board MEMOTY ....cccciiiiieeeeeeeeeeeeee et e e e e e e aaaaeee sl anan 17
P T I 1 U PUUURRR S 18
1.4. Digital/Analog Configurable I/O.............cooiiiiiiiii i b 19
1.5, Serial POIS ...t e e i 20
1.6. Analog to Digital Converter ... i 20
1.7, COMPATAtOrS ...oveieiecieee e e e e e e e e e e e e e e e e e e eeeeasennadne s theeeeeeeeaeeeeeeeennnes 21

2. Absolute Maximum Ratings ........ccceueeiiiiiiiiiiiiiiirrrnnrrn s s bt nnnnnanas 23
3. Global DC Electrical CharacteristiCs ............ccvimiimmimimmeedeasinsensnsssssssssnnnessnnnnnnnes 24
4. Pinout and Package Definitions............ccccoiiiiiiiiiiimie s e B s 08 s s e e e e e e e e e e 25
5. ADC (8-Bit, C8051F220/1/6 ONIY).....cccceeeennmmmmmmeeereneestireeesesssssssssssssssssssssssssnnnnssnnns 32
5.1. Analog Multiplexer and PGA ..o e 32
5.2. ADC Modes of Operation...........cccooiiiiiiiieiee i e e eeeeeeeeeeeee e e e e e e e 33
5.3. ADC Programmable Window Detector .fi . i ... 37

6. ADC (12-Bit, C8051F206 ONlY)........ccccecaennnnnetbneeneeeeererrresssssssssssssssssssssssssssssnnsnnnnnns 40
6.1. Analog Multiplexer and PGA ...t 40
6.2. ADC Modes Of Operation........... ot eeeeeemmmaaaaaaaeeeeeeeeeeeeeeeeeeennnnaaa e aeeeeaaeas 41
6.3. ADC Programmable WindowDeteCtor ... 46

7. Voltage Reference (C8051F206/220/221/226)..........ccceeeeeeeiiiiiiiinsssesssssnsnnnnnnnennns 50
8. ComMPArators .......cceeeeeuuee e e B e eneeenes s s s e e e e e r s s e nn s s aa e e e e e e e e e e e nnnns 52
9. CIP-51 MicroCoNtroller .........oiuceeriiieiieeeeeissiisisssss s s s s s s ssssssssssssssssssssssssssssesssssnnnnns 58
9.1, INSITUCHION Set ...l e 60
9.1.1. Instruction and CPU TimiNg ..........uueimiiiiiiiiiiiiiii e 60

9.1.2. MOVX Instruction and Program Memory .........cccceeeiiieeieiiiiieeeeeeeiinnn 60

9.2. Memory OrganizZatioN............coooiuuiiiiiii i 65
9.2.1. ProgramiMEIMOTY.......cooiiiiiiiiittee ettt e e e e e e e e 65

S I D - 1 £ 1Y/ =Y o o YU 65
9.2.3.7General Purpose RegISters ...........uuuiiiiiiiiiiiiiiiieee e 66

9.2.4. Bit Addressable LOCatiONS..........ccoeieiiiiiiieeece e 66

912651 SEACK i 67
9.3..Special Function RegISters ... 68
9.3.1. Register DeSCrPIONS ...ttt 71

9.4, INterrUPt HaANAIEN ...t 74
9.4.1. MCU Interrupt Sources and VEeCtOrs ............uuuuiiiieeiieeeieeeeieeeeeeeei 74

9.4.2. EXternal INterruptS ......uuueeeeiiiiiei e 74

9.4.3. Software Controlled Interrupts............oooormmimiiiiiee e, 74

9.4.4. INterrupt PrioritieS ......ceeeeeeeiieee e 76

9.4.5. Interrupt LatenCy .......coooiiiii e 76

9.4.6. Interrupt Register DescriptionS..........cccouuiiiiiiiiiiiie e 77

) Rev. 1.7 3

SILICON LABS



C8051F2xx

9.5. Power Management MOUES ...........uuuuuiiiiiiiiiieeeeeeee e 83

S Tt TR o |10 1Y o o = O 83

1S IR TS (o o 1Y o To [ U 83
0 o == g T 1T 4 T 85
10.1.Programming The Flash MemOry ..........cccoooiiiiiiiiiiii e 85
10.2.S€CUMEY OPLIONS ...ttt e e e e e e e 86
11.0n-Chip XRAM (C8051F206/226/236)........cccceeeeiiiiiiiiiiiicccssssnnnnnnnneennessseseesesesesnesd 90
12.RESEt SOUICES......coiiiiiieeeer s smmmmmnnn e r s s e e e e e e e e e e e anfed 91
12.1.POWEr-0N RESEL ... e i e e 92
12.2.Software Forced ReSet ... 92
12.3.POWEr-fail RESEL ......eeeeiiiiiiiiieeeiee e B et e 92
12,4 EXternal RESEt......cooo oo e e 93
12.5.Missing Clock Detector Reset ...........uuciiiiiiiiiiiiii e, 93
12.6.Comparator 0 RESEt .......ooiiiiiiiiiieee e Babe e e e e e e e e ennnnes 93
12.7.Watchdog Timer Reset........ccooviiiiii S e s 93
12.7.1.Watchdog Usage.......couvuiiiiiiiiiiieeeeeee e 0000 B e e e et e e e e eennnn s 93
TR0 E= o || o 97
13.1.External Crystal EXample ... e 100
13.2.External RC EXample ........oooooiiimiiiiiaie e e e 100
13.3.External Capacitor EXample ............... il it 100
14.Port INPUL/OULPUL........ooeeeeeeeecrres e e es e Bhr e s s s s s s e e s e e e e e e e s nn s nanas 101
14.1.Port /O INItIAliZAtioN .....coeeeiiiieeieee e e 101
14.2.General Purpose Port /O ... 4 o e 105
15.Serial Peripheral Interface BUS ... s s 110
15.1.Signal DeSCIIPLIONS ...t e e e 111
15.1.1.Master Out, SIaVe 1N ... e 111
15.1.2.Master In, SIave O . .....coeiieeeee e 111
15.1.3.S€rial ClOCK . stn . cfanade e eeeeeeeeee e e e e e e e e e e 111
15.1.4.Slave SeleCt..... v . e 111
15.2.Serial ClOCK TimMING. .. .ccci i s e e e e e e e e e e e eeeeanennes 113
15.3.SPI Special'Function Registers...........ooo oo 113
6. UART ... sins i es e s sssssse s mmm s s s e r e e e e e e e e e e e e e e e e s s s asaa s ssssnsnsnnmnmnnnnsnnnnnnnnnnnnnnnns 117
16.1.UART Operational MOAES ............ouuuuuiiiiiei i e e e eeeeeaanaes 118
16.1.1.Made 0: Synchronous MOdE ..........ccccciiiiiiiiiiiiiieieeeee e 118
16:1:2.Mode 1: 8-Bit UART, Variable Baud Rate...........c.cooovevviiiiiiiiiiieeie 119
16:1.3.Mode 2: 9-Bit UART, Fixed Baud Rate ............coeeveeeeieiiiiiiiiiiis 121
16:1.4.Mode 3: 9-Bit UART, Variable Baud Rate..........cccccccvvviiieiiiiiiiiis 121
16:2.Multiprocessor CommUNICAtIONS .........uiiiiiiieie e e e eeeeeeeees 122
0 T4 =T 125
17.1.TIMer 0 and TimMer 1 ... e e e e e e e e e e eeeeenees 125
17.1.1.Mode 0: 13-bit Counter/TIMer ..........uvveiiiieee e 125
17.1.2.Mode 1: 16-bit Counter/TIMEr ........cccoiiee e 126
17.1.3.Mode 2: 8-bit Counter/Timer with Auto-Reload.............cccccceeiiiiiii. 127
17.1.4.Mode 3: Two 8-bit Counter/Timers (Timer 0 Only)...........ccccceeeeriiiiiinnnes 128

4 Rev. 1.7 )

SILICON LABS



C8051F2xx

LA 10 1= TR 133
17.2.1.Mode 0: 16-bit Counter/Timer with Capture............ccoovvviiiiiiiiiiieee 134
17.2.2.Mode 1: 16-bit Counter/Timer with Auto-Reload...............ceeveeniiinnnn... 135
17.2.3.Mode 2: Baud Rate Generator...........oooueieeiiieeiiee e 136

= T 1 17 Y 139

18.1.Flash Programming COmMmMandS...........coooiiiiiiiiiiiiiiiiiiicceee e 140

18.2.Boundary Scan Bypass and ID Code..........ccccuuuiiiiiiiiiiiiiiiieeeeee e 143
18.2.1.BYPASS INSIrUCHION ....ceveiieeceeee e it 143
18.2.2.IDCODE INStrUCHION.... et e b o 143

LRSI DI=T o100 IS TU o] oo A0SO o S S S 143

Contact INformation..........cooeeeiiiiiiiiecr e rrs s e sa s s e na s Ban s edn e renn 144
) Rev. 1.7 5

SILICON LABS



C8051F2xx

NOTES:

%,

S
Q@
&
9
S
b@
o
&
O@
e
&

SSSSSSSSSSS



C8051F2xx

List of Figures and Tables

1. System Overview
Table 1.1. Product Selection GUIE ...........uuuiiiiiiiiiiieicieeeeeeree e 11
Figure 1.1. C8051F206, C8051F220 and C8051F226 Block Diagram (48 TQFP) .. 12
Figure 1.2. C8051F221 Block Diagram (32 LQFP) ... 13
Figure 1.3. C8051F230 and C8051F236 Block Diagram (48 TQFP) ................... . 14
Figure 1.4. C8051F231 Block Diagram (32 LQFP) .....ccooiiiiiiieieeeeeeeeeeeee 15
Figure 1.5. Comparison of Peak MCU Throughputs ...........ccccuumiiiiiiiiiiiiiines st et 16
Figure 1.6. Comparison of Peak MCU Throughputs ..........ccccoooiiieeennnis s e e, 17
Figure 1.7. On-Board Memory Map......ccccoooeeeeeiiiiiiiieiceeeee e i b 18
Figure 1.8. Degub Environment Diagram.............coooiiiiiiiiiiiiiiiiiieee e 19
Figure 1.9. Port I/O Functional Block Diagram...............ceeeeiiiiiieiine e, 20
Figure 1.10. ADC Diagram ...........ceueeeeeeiieeiieieeeeeeeeeeeeeasssssseeenee Binbe st eeeeaaaaaaaaeeeeeens 21
Figure 1.11. Comparator Diagram..........cccccveeeeeiiiiiiiiiiiiigmee bt 22
2. Absolute Maximum Ratings
Table 2.1. Absolute Maximum Ratings™ .........cccooe e 23
3. Global DC Electrical Characteristics
Table 3.1. Global DC Electrical CharacteriStiCs ,ums. tueeeveeeeeeeeiiiiieieieeeieeeieiiiiiiecnes 24
4. Pinout and Package Definitions
Table 4.1. Pin Definitions .......cooo oo e e e e e e e e eeeeees 25
Figure 4.1. TQFP-48 Pin Diagram..........dt oot 28
Figure 4.2. LQFP-32 Pin Diagram..... ot oo e e e e e e e 29
Figure 4.3. TQFP-48 Package Drawing . f......ccooorrriiiiiiiiiiiiieeeeeeeee et 30
Figure 4.4. LQFP-32 Package DrawWing .........cccooeiiiiiiiiiiiiiieeeeeeeeeee et 31
5. ADC (8-Bit, C8051F220/1/6 Only)
Figure 5.1. 8-Bit ADC Functional Block Diagram ............ccccccumiiiiiiiiiiiiiiiiiiieeeeeeeeenn 32
Figure 5.2. 12-Bit ADC Track and Conversion Example Timing ........cccccccevvvveeeennnn. 33
Figure 5.3. 8-Bit ADC Window Interrupt Examples .........ccccooiiiiiiiiiiiiiiieeeen 38
Table 5.1. 8-Bit ADC Electrical CharacteristiCs.............uuuuiiiiiiiiiiiiiiiiiiiie 39
6. ADC (12-Bit, C8051F206 Only)
Figure 6.1. 12-Bit ADC Functional Block Diagram .............cccccoieiiiiiiiiiieeiiiieeee. 40
Figure 6.2. 12-Bit'‘ADC Track and Conversion Example Timing ...........ccccccceceennnn. 41
Figure 6.3712-Bit ADC Window Interrupt Examples, Right Justified Data............... 47
Figure.6.4. 12-Bit ADC Window Interrupt Examples, Left Justified Data ................. 48
Table 6.1. 12-Bit ADC Electrical Characteristics (C8015F206 only)....................... 49
7.<Voltage Reference (C8051F206/220/221/226)
Figure 7.1. Voltage Reference Functional Block Diagram ............ccccccevveiiiiieeeeennnn. 50
Table 7.1. Reference Electrical Characteristics .............ooooviiiiiiiiiiiiieeeee 51
8. ‘Comparators
Figure 8.1. Comparator Functional Block Diagram ...........cccccoeoeeieiiiiiiiiiiiiiiinn, 53
Figure 8.2. Comparator Hysteresis PIOt ..., 54
Table 8.1. Comparator Electrical CharacteristiCs............cuueeeiiiiiiiiiiiiiiiiceeeeeeen, 57
9. CIP-51 Microcontroller
Figure 9.1. CIP-51 BIOCK Diagram..........cccouiiiiiiiiiiiiieeeeeeeeee e 58
) Rev. 1.7 7

SILICON LABS



C8051F2xx

Table 9.1. CIP-51 Instruction Set Summary...........ccccuuiiiiiiiiie 60
Figure 9.2. MemOry Map ......coiiiiiiiiie et e e e s 66
Table 9.2. Special Function Register Memory Map ... 68
Table 9.3. Special Function Registers ..ot 69
Table 9.4. Interrupt SUMMANY ........ooooiiiiii e 75
10.Flash Memory
Table 10.1. Flash Memory Electrical Characteristics .............vveeeiiiiiiieiiiiiiiieeeeen 36
Figure 10.1. Flash Program Memory Security BytesS.........cccooeiiiiiiiiiiiiiiiiiiii ™ 87

11.0n-Chip XRAM (C8051F206/226/236)
12.Reset Sources

Figure 12.1. Reset Sources Diagram ............ccoooiiiiiiiiiiiiiiiiceiee e B e 91
Figure 12.2. VDD Monitor Timing Diagram ...........oooooiiiiiiiiiiiiiiiiafieeeeee e 92
Table 12.1. VDD Monitor Electrical Characteristics.............coeeee i 96
13.Oscillator
Figure 13.1. Oscillator Diagram............ccccceveveeeeeninnn S ade b, 97
Table 13.1. Internal Oscillator Electrical CharacteristiCSmumms e eeeeeeeeeeeeeeeeiiiiiiiiinnee 98
14.Port Input/Output
Figure 14.1. Port I/O Functional Block Diagram .....a.....cccoociiiiiiiiiiiiiiiiiiieeieeeeeeeee 102
Figure 14.2. Port 1/0O Cell Block Diagram ......e.. 40 0 e, 102
Table 14.1. Port 1/0O DC Electrical CharacteristiCSut.......covvvremieiiieiiiiiiiiieeeeeeeeeee 109
15.Serial Peripheral Interface Bus
Figure 15.1. SPI BIOCK Diagram ...........cfeeee oo e e e e e e e 110
Figure 15.2. SPI Block Diagram ....... 40 b il 111
Figure 15.3. Full DupleX Operation .. it oo oeeeeeeeeeeeeeeeeeiiiieeee e e e e e e e e e e e e eeeeeaanees 112
Figure 15.4. Full Duplex Operation.....t......cccoeeeeiieiiiiieeeeeeecee e 113
16.UART
Figure 16.1. UART BIOCK DI@gram .........ccoouiiiiiiiiiiiiiieieeeeeeeee e 117
Table 16.1. UART MOGES . et eeiieeeeeee ettt e e e e e e e e e e e e e 118
Figure 16.2. UART Mode Ovinterconnect ... 118
Figure 16.3. UART-Made 0 Timing Diagram .............oooemmimiiiiiiiiiiee e 118
Figure 16.4. UART Mode 1 Timing Diagram ...........cccooimmiiiiiiiiiiiieee e, 119
Figure 16.5. UART Modes 1, 2, and 3 Interconnect Diagram ..............cccceeeevennnnnne 120
Figure 16.6. UART Modes 2 and 3 Timing Diagram ............cccccummimiiiiiiiiiiiiinneenen. 121
Figure 16.7. UART Multi-Processor Mode Interconnect Diagram ...........cccccceee..... 122
Table™6.2:Oscillator Frequencies for Standard Baud Rates ...................ccoeee. 122
17.Timers
Figurer17.1. TO Mode 0 BIock Diagram.........ccooeeiiiiiiiiiiiiciieeeeeeeeee e 126
Figure 17.2. TO Mode 2 Block Diagram...........cooevuiieiiiiiiiiieeeeeeece e 127
Figure 17.3. TO Mode 3 Block Diagram..........ccoooeriiiiiiiiiiiiieeeeeeeeeeee e 128
Figure 17.4. T2 Mode 0 Block Diagram...........ccoooiiiiiiiiieiiiiiieccee e e e e eeeeeeaanens 134
Figure 17.5. T2 Mode 1 Block Diagram...........ccoooiiiiiiiiiiiiiiceee e 135
Figure 17.6. T2 Mode 2 Block Diagram..........ccoooiiiiiiiiiiiiiiiiieeeeeeeeeeee e 136
18.JTAG
8 Rev. 1.7 )

SILICON LABS



C8051F2xx

List of Registers

SFR Definition 5.1. AMXOSL: AMUX Channel Select . . ........................ 34
SFR Definition 5.2. ADCOCF: ADC Configuration Register ..................... 35
SFR Definition 5.3. ADCOCN: ADC Control (C8051F220/1/6 and C8051F206) . . . . .. 36
SFR Definition 5.4. ADCOH: ADC Data Word (‘F220/1/6 and ‘F206) ............. 37
SFR Definition 5.5. ADCOGTH: ADC Greater-Than Data (‘F220/1/6 and ‘F206) . . . .. 37
SFR Definition 5.6. ADCOLTH: ADC Less-Than Data Byte (‘F220/1/6 and ‘F206) +-".. 37
SFR Definition 6.1. AMXOSL: AMUX Channel Select . .. ................ . % s 42
SFR Definition 6.2. ADCOCF: ADC Configuration (‘F220/1/6 and ‘F206) . ce. .. L. 43
SFR Definition 6.3. ADCOCN: ADC Control (‘F220/1/6 and ‘F206) ... 4... . ...... 44
SFR Definition 6.4. ADCOH: ADC Data Word MSB (C8051F206) . ..... .. ...... 45
SFR Definition 6.5. ADCOL: ADC Data Word LSB (C8051F206) . ... ........... 45

SFR Definition 6.6. ADCOGTH: ADC Greater-Than Data High Byte,(C8051F206) .. .46
SFR Definition 6.7. ADCOGTL: ADC Greater-Than Data Low Byte (C8051F206) . .. .46

SFR Definition 6.8. ADCOLTH: ADC Less-Than Data High Byte (€8051F206) ... ... 46
SFR Definition 6.9. ADCOLTL: ADC Less-Than Data Low Byte' (C8051F206) . ... ... 47
SFR Definition 7.1. REFOCN: Reference Control ...« ... v ... ... ... .. .... 50
SFR Definition 8.1. CPTOCN: Comparator O Controlw.. . . ... ... ... ... ... .. ..., 55
SFR Definition 8.2. CPT1CN: Comparator 1 Control . ... ...................... 56
SFR Definition 9.1. SP: Stack Pointer . . . . ... .. . . . . 71
SFR Definition 9.2. DPL: Data Pointer LowByte ............................. 71
SFR Definition 9.3. DPH: Data Pointer HighByte . . . .. .......... ... ........... 71
SFR Definition 9.4. PSW: Program StatusWord . ............ .. .. ... .. ....... 72
SFR Definition 9.5. ACC: Accumulator . ... ... 73
SFR Definition 9.6. B: B Register /. s . . .o 73
SFR Definition 9.7. SWCINT: Software Controlled Interrupt Register ............. 75
SFR Definition 9.8. IE: InterruptEnable ... ......... ... ... .. .. .. ... ... ..., 77
SFR Definition 9.9. IP: Interrupt Priority . ...... ... .. . . . . . 78
SFR Definition 9.10. EIE1: Extended Interrupt Enable 1 . ...................... 79
SFR Definition 9.11. EIE2:*Extended InterruptEnable 2 .. ..................... 80
SFR Definition 9.12, EIP1: Extended Interrupt Priority 1 .. ..................... 81
SFR Definition 9.18. EIP2: Extended Interrupt Priority 2 .. ..................... 82
SFR Definitionr 9:14. PCON: Power Control Register .. ........................ 84
SFR Definition 10.1. PSCTL: Program Store RW Control ...................... 88
SFR.Definition 10.2. FLSCL: Flash Memory Timing Prescaler . .................. 89
SER Definition 10.3. FLACL: Flash Access Limit ......... ... ................. 89
SFR Definition 11.1. EMIOCN: External Memory Interface Control ............... 90
SFR Definition 12.1. WDTCN: Watchdog Timer Control . ...................... 94
SFR Definition 12.2. RSTSRC: ResetSource .......... ... ... ... ... ... ..... 95
SFR Definition 13.1. OSCICN: Internal Oscillator Control .. .................... 98
SFR Definition 13.2. OSCXCN: External Oscillator Control ..................... 99
SFR Definition 14.1. PRTOMX: Port I/O MUX Register O .. .................... 103
SFR Definition 14.2. PRT1MX: Port /O MUX Register1 . ..................... 104
SFR Definition 14.3. PRT2MX: Port /O MUX Register2 ...................... 104
) Rev. 1.7 9

SILICON LABS



C8051F2xx

SFR Definition 14.4. PO: PortO Register . ... ... ... . . . .. 105
SFR Definition 14.5. PRTOCF: Port0 Configuration Register . .................. 105
SFR Definition 14.6. POMODE: Port0 Digital/Analog InputMode .. .............. 106
SFR Definition 14.7. P1: Port1 Register . ... ... ... .. . . . . . 106
SFR Definition 14.8. PRT1CF: Port1 Configuration Register .. ................. 106
SFR Definition 14.9. PAMODE: Port1 Digital/Analog InputMode .. ............ . 107
SFR Definition 14.10. P2: Port2 Register .. ... ... .. . . . i 107
SFR Definition 14.11. PRT2CF: Port2 Configuration Register ............... 0L« 107
SFR Definition 14.12. P2ZMODE: Port2 Digital/Analog Input Mode . . ....... .0 ...~ 108
SFR Definition 14.13. P3: Port3 Register® .. ......... ... ... . . ... . & et 108
SFR Definition 14.14. PRT3CF: Port3 Configuration Register* ....... ... ..... 108
SFR Definition 14.15. P3MODE: Port3 Digital/Analog Input Mode* .. ¢... . ... .. 109
SFR Definition 15.1. SPIOCFG: SPI Configuration .. ............ 0. ... ..... 114
SFR Definition 15.2. SPIOCN: SPIControl . ...... ... ... . . . ;e ™Sh.o.o.oo..... 115
SFR Definition 15.3. SPIOCKR: SPI Clock Rate Register . . & .0« 0. ... ... 116
SFR Definition 15.4. SPIODAT: SPI Data Register . . . . @m0 116
SFR Definition 16.1. SBUF: Serial (UART) Data Buffer .. .. .................. 123
SFR Definition 16.2. SCON: Serial Port Control . ... .«. ... ................... 124
SFR Definition 17.1. TCON: Timer Control . ... .. /&S % o 129
SFR Definition 17.2. TMOD: TimerMode .. ... 0 St o oo 130
SFR Definition 17.3. CKCON: Clock Control™. . .. % . ... ... o 131
SFR Definition 17.4. TLO: TimerOLow Byte(. . & ... ... ... 132
SFR Definition 17.5. TL1: Timer 1 Low Byte .=, . . .. ... ... .. . L 132
SFR Definition 17.6. THO: Timer O HighByte . ......... ... ... ... ... ... ...... 132
SFR Definition 17.7. TH1: Timer 1 HighByte . ....... ... ... ... .. ... ... ...... 132
SFR Definition 17.8. T2CON: Timer2.Control .............. .. ... ... .. ...... 137
SFR Definition 17.9. RCAP2LsTimer 2 Capture Register LowByte . . . ........... 138
SFR Definition 17.10. RCAP2H: Timer 2 Capture Register HighByte ............ 138
SFR Definition 17.11. TL2:TJimer2LowByte . . . ... ... ... .. . .. 138
SFR Definition 17.12.TH2: Timer 2 HighByte ... ....... ... ... ... ... ... ..... 138
JTAG Register Definition+18.1. IR: JTAG Instruction ......................... 139
JTAG Register Definition 18.2. FLASHCON: JTAG Flash Control ............... 141
JTAG Register Definition 18.3. FLASHADR: JTAG Flash Address .............. 141
JTAG Register Definition 18.4. FLASHDAT: JTAG FlashData ................. 142
JTAG RegisterDefinition 18.5. FLASHSCL: JTAGFlashScale . ................ 142
JTAG Register Definition 18.6. DEVICEID: JTAG DeviceID . .................. 143
10 Rev. 1.7 )

SILICON LABS



C8051F2xx

1. System Overview

The C8051F2xx is a family of fully integrated, mixed-signal System on a Chip MCU's available with a true
12-bit ('F206) multi-channel ADC, 8-bit multi-channel ADC ('F220/1/6 and 'F206), or without an ADC
('F230/1/6). Each model features an 8051-compatible microcontroller core with 8 kB of Flash memory.
There are also UART and SPI serial interfaces implemented in hardware (not "bit-banged" in user soft-
ware). Products in this family feature 22 or 32 general purpose I/O pins, some of which can be used for
assigned digital peripheral interface. Any pins may be configured for use as analog input to the analog-to-
digital converter ('F220/1/6 and 'F206 only). (See the Product Selection Guide in Table 1.1 for a quick ref-
erence of each MCUs' feature set.)

Other features include an on-board Vpp monitor, WDT, and clock oscillator. On-board Flashymémory can

be reprogrammed in-circuit, and may also be used for non-volatile data storage. Integrated peripherals
can also individually shut down any or all of the peripherals to conserve power. All parts have 256 bytes of
SRAM. Also, an additional 1024 bytes of RAM is available in the 'F206/226/236.

On-board JTAG debug support allows non-intrusive (uses no on-chip, resources), full speed, in-circuit
debug using the production MCU installed in the final application. This debugrsystem supports inspection
and modification of memory and registers, setting breakpoints, watchpoints; single stepping, run and halt
commands. All analog and digital peripherals are fully functional when emulating using JTAG.

Each MCU is specified for 2.7 to 3.6 V operation over the industrial temperature range (—45 to +85 °C) and
is available in the 48-pin TFQP and 32-pin LFQP. The Portl/Os are tolerant for input signals up to 5 V.

Table 1.1. Product Selection Guide

@
2| g ®
a S3 L2
= ©
© i
> = |0 |8 3 g
= o) Q2 = 5
i 2 | ®»
S |5 e |15 |3 |x|%5|8
o - o 0} © o )
= | 2 — o | = | | = | £ o 2
S (| 4 s | S| E|a |2 2% ]2 g
C8051F206-GQ 25 .8k | 1280 | v v 3 32 12 | 100 | 32 2 48TQFP
C8051F220-GQ 25y 8k | 256 v v 3 32 8 100 | 32 2 48TQFP
C8051F221-GQ 25 | 8k | 256 v v 3 22 8 100 | 22 2 32LQFP
C8051F226-GQ 25 | 8k | 1280 | v v 3 32 8 100 | 32 2 48TQFP
C8051F230-GQ* | 25 | 8k | 256 v v 3 32| — | — | — 2 48TQFP
C8051F231-GQ* | 25 | 8k | 256 v v 3 2 | — | — | — 2 32LQFP
C8051F236-GQ* | 25 | 8k | 1280 | v v 3 32| — | — | — 2 48TQFP
*Note: Not recommended for new designs.
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Figure 1.1. C8051F206, C8051F220 and.C8051F226 Block Diagram (48 TQFP)
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Figure 1.2. C8051F221 Block Diagram (32 LQFP)
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Figure 1.3. C8051F230 and C8051F236 Block Diagram (48 TQFP)
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Figure 1.4. C8051F231 Block Diagram (32 LQFP)

1.1. CIP-51™ Microcontroller Core

1.1.1. Fully 8051 Compatible

The C8051F206, C8051F220/1/6 and £8051F230/1/6 utilize Silcon Labs’ proprietary CIP-51 microcontrol-

ler core. The CIP-51 is fully compatible with the MCS-51™ instruction set. Standard 803x/805x assem-
blers and compilers can be used, to develop software. The core contains the peripherals included with a
standard 8052, including three. 16-bit counter/timers, a full-duplex UART, 256 bytes of internal RAM, an
optional 1024 bytes of XRAM, 128 byte Special Function Register (SFR) address space, and four byte-
wide 1/O Ports.

1.1.2. Improved.Throughput

The CIP-51-employs a pipelined architecture that greatly increases its instruction throughput over the stan-
dard 8051 architecture. In a standard 8051, all instructions except for MUL and DIV take 12 or 24 system
clock cycles to execute with a maximum system clock of 12 MHz. By contrast, the CIP-51 core executes
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 number of instructions versus the system clock cycles to
execute them is as follows:

Instructions 26 50 5 14 7 3 1 2 1
Clocks to Execute 1 2 2/3 3 3/4 4 4/5 5 8
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With the CIP-51's maximum system clock at 25 MHz, it has a peak throughput of 25 MIPS. Figure 1.5
shows a comparison of peak throughputs of various 8-bit microcontroller cores with their maximum system
clocks.

25 —

20 —

15 —

MIPS

10 —

B

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

Figure 1.5. Comparison.of Peak MCU Throughputs

1.1.3. Additional Features

The C8051F206, C8051F220/1/6 and £8081F230/1/6 have several key enhancements both inside and
outside the CIP-51 core to improve overall. performance and ease of use in end applications.

The extended interrupt handler provides 22 interrupt sources into the CIP-51 (as opposed to 7 for the stan-
dard 8051), allowing the numerous analog and digital peripherals to interrupt the controller. (An interrupt
driven system requires lessuintervention by the MCU, giving it more effective throughput.) The extra inter-
rupt sources are very useful when building multi-tasking, real-time systems.

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

clock detector,(a voltage level detection from Comparator 0, a forced software reset, and an external reset
pin. The RST, pinsis bi-directional, accommodating an external reset, or allowing the internally generated
resetto,be output on the RST pin. The on-board Vpp monitor is enabled by pulling the MONEN pin high

(digital)=The user may disable each reset source except for the Vpyp monitor and Reset Input Pin from

software. The watchdog timer may be permanently enabled in software after a power-on reset during
MCU initialization.

The MCU has an internal, stand-alone clock generator that is used by default as the system clock after
reset. If desired, the clock source may be switched "on the fly" to the external oscillator, which can use a
crystal, ceramic resonator, capacitor, RC, or external clock source to generate the system clock. This can
be extremely useful in low power applications, allowing the MCU to run from a slow (power saving) exter-
nal crystal source, while periodically switching to the fast (up to 16MHz) internal oscillator as needed.
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Figure 1.6. Comparison of Peak.MCU Throughputs

1.2. On-Board Memory

The CIP-51 has a standard 8051 program and,data‘address configuration. It includes 256 bytes of data
RAM, with the upper 128 bytes dual-mapped. An optional 1024 bytes of XRAM is available on the 'F206,
'F226 and 'F236. Indirect addressing accesses the upper 128 bytes of general purpose RAM, and direct
addressing accesses the 128-byte SER address space. The lower 128 bytes of RAM are accessible via
direct or indirect addressing. The first 32 bytes are addressable as four banks of general purpose regis-
ters, and the next 16 bytes can be'byte“addressable or bit addressable.

The MCU's program memory consists of 8 k + 128 bytes of Flash. This memory may be reprogrammed in-
system in 512 byte sectors, and requires no special off-chip programming voltage. The 512 bytes from
addresses Ox1E00 to Ox1FFF are reserved for factory use. There is also a user programmable 128-byte
sector at address 0x2000 to 0x207F, which may be useful as a table for storing software constants, nonvol-
atile configuration information, or as additional program space. See Figure 1.7 for the MCU system mem-
ory map.
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PROGRAM MEMORY

DATA MEMORY

0x207F 128 Byte ISP FLASH OxFF Upper 128 RAM Special Function
0x2000 (Indirect Addressing Register's
Ox1FFF RESERVED 0x80 Only) (Direct Addressing Only)
Ox1E00 Ox7F
0x1DFF (Direct and Indirect
Addressing) Lower 128 RAM
0x30 (Direct and Indirect
FLASH 0x2F :
Bit Addressable Addressing)
0x20
(In-System Ox1F General Purpose
Programmable in 512 0x00 Registers
Byte Sectors)

Ox3FF

0x0000
Mapped into
1024 Byte External Data Memory
XRAM Space
(C8051F226/236/206 only)
0x000
Figure 1.7.0n-Board Memory Map
13. JTAG

The C8051F2xx have on-chip JTAGand debug logic that provide non-intrusive, full speed, in-circuit debug
using the production part installed.in'the/end application using the four-pin JTAG I/F. The C8051F2xxDK is
a development kit with all the hardware and software necessary to develop application code and perform
in-circuit debug with the C8051F2xx. The kit includes software with a developer's studio and debugger, an
integrated 8051 assembler, andvan RS-232 to JTAG interface module referred to as the EC. It also has a
target application board with a C8051F2xx installed and large prototyping area, plus the RS-232 and JTAG
cables, and wall-mount power supply. The Development Kit requires a Windows OS (Windows 95 or later)
computer with one available RS-232 serial port. As shown in Figure 1.8, the PC is connected via RS-232
to the EC. A six-inch ribbon cable connects the EC to the user's application board, picking up the four
JTAG pinssand Vpp and GND. The EC takes its power from the application board. It requires roughly

20 mA at 2.7-3.6 V. For applications where there is not sufficient power available from the target board,
the provided power supply can be connected directly to the EC.

This is a vastly superior configuration for developing and debugging embedded applications compared to
standard MCU Emulators, which use on-board "ICE Chips" and target cables and require the MCU in the
application board to be socketed. Silicon Labs' debug environment both increases ease of use, and pre-
serves the performance of the precision analog peripherals.
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Silicon Labs Integrated
Development Environment

WINDOWS 0S

RS-232

N

SERIAL
ADAPTER

Figure 1.8. Degub Environment Diagram

1.4. Digital/Analog Configurable 1/O

The standard 8051 Ports (0, 1, 2, and’3) are available on the device. The ports behave like standard 8051
ports with a few enhancements.

Each port pin can be configured,as either a push-pull or open-drain output. Any input that is configured as
an analog input will have its corresponding weak pull-up turned off.

Digital resources (timers, SPI, UART, system clock, and comparators) are routed to corresponding I/O pins
by configuring the port multiplexer. Port multiplexers are programmed by setting bits in SFR's (please see
Section 14).-Any of the 32 external port pins may be configured as either analog inputs or digital /0 (See
Figure,1.9), so effectively, all port pins are dual function.
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Figure 1.9. Port.I/O'Functional Block Diagram

1.5. Serial Ports

The C8051F206, C8051F220/1/6,and C8051F230/1/6 include a Full-Duplex UART and SPI Bus. Each of
the serial buses is fully implemented in hardware and makes extensive use of the CIP-51's interrupts, thus
requiring very little intervention by the CPU. The serial buses do not have to "share" resources such as
timers, interrupts, or Port 1/0, so both of the serial buses may be used simultaneously. (You may use Tim-
er1, Timer 2, or SYSCLKto generate baud rates for UART).

1.6. Analog to Digital Converter

The C8051F220/1/6 has an on-chip 8-bit SAR ADC and the C8051F206 has a 12-bit SAR ADC with a pro-
grammable. gain amplifier. With a maximum throughput of 100ksps, the ADC offers true 8-bit with an INL of
1+1/4 LSB, and or 12-bit accuracy with £2 LSB. The voltage reference can be the power supply (VDD), or

an external reference voltage (VREF). Also, the system controller can place the ADC into a power-saving
shutdown mode when not in use. A programmable gain amplifier follows the analog multiplexer. The gain
can be set in software from 0.5 to 16 in powers of 2.

Conversions can be initiated in two ways; a software command or an overflow on Timer 2. This flexibility
allows the start of conversion to be triggered by software events, or convert continuously. A completed
conversion causes an interrupt, or a status bit can be polled in software to determine the end of conver-
sion. The resulting 8-bit data word is latched into an SFR upon completion of a conversion.
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ADC data is continuously monitored by a programmable window detector, which interrupts the CPU when
data is within the user-programmed window. This allows the ADC to monitor key system voltages in back-
ground mode, without the use of CPU resources.

VREE

ATINO |Z|—>\ V&DD ~
AN Pp———

Programmable
Gain Amp
AINO-31 are port 0-3 -
pins — any external /—M
port pin may be configured as n 32-to-1 O kS pS

an analog input . AMUX X S A R

(only 22 input port pins on

- ADC
AIN31 %—P/( GND A

P>

A 4
Control & Data
SFR's

Figure 1.10. ADC Diagram

1.7. Comparators

The MCU's have two on-chip veltage comparators. The inputs of the comparators are available at pack-
age pins as illustrated.in Figure 1.11. Each comparator's hysteresis is software programmable via special
function registers (SER's). Both voltage level and positive/negative going symmetry can be easily pro-
grammed by the user. JAdditionally, comparator interrupts can be implemented on either rising or falling-
edge output transitions. Please see 8.‘Comparators” on page 52 for details.
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2. Absolute Maximum Ratings

Table 2.1. Absolute Maximum Ratings*

Parameter Conditions Min Typ Max Units
Ambient Temperature under Bias -55 — 125 °C
Storage Temperature —65 — 150 °C
Voltage on any Pin (except Vpp and Port I/O) with -0.3 — Vpp + Vv
respect to DGND 0.3
Voltage on any Port I/0O Pin or RST pins with respect to -0.3 — 5.8 \%
DGND
Voltage on Vpp with respect to DGND -0.3 4.2 \Y
Total Power Dissipation — 1.0 800 W
Maximum Output Current Sunk by any Port pin = — 200 mA
Maximum Output Current Sunk by any other 1/O pin — — 25 mA
Maximum Output Current Sourced by any Port pin — — 200 mA
Maximum Output Current Sourced by any other I/O pin — — 25 mA

*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 spegification‘is not implied. Exposure to maximum rating
conditions for extended periods may affect device reliability.
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3. Global DC Electrical Characteristics
Table 3.1. Global DC Electrical Characteristics

—40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Analog Supply Voltage' 27 3.0 3.6 Vi
Vpp supply current with ADC and | Clock = 25 MHz — 13 — mA
comparators active, and CPU Clock = 1 MHz 1.5 mA
active Clock = 32 kHz 300 MA
Vpp supply current with ADC and | Clock = 25 MHz — 9 — mA
comparators active, and CPU inac- | Clock = 1 MHz 1.8 mA
tive (Idle Mode) Clock = 32 kHz 275 MA
Vpp supply current with ADC and | Clock = 25 MHz — 125 — mA
comparators inactive, and CPU Clock = 1 MHz 1.0 mA
active Clock = 32 kHz 25 MA
Digital Supply Current with CPU Clock = 25 MHz — 8.5 — mA
inactive (Idle Mode) Clock =1 MHz 14 mA
Clock = 32 kHz 25 MA
Digital Supply Current (Stop Mode), | Oscillator not running — 10 — MA
Vpp monitor enabled
Digital Supply Current (Stop Mode), | Oscillator not running — 0.1 — MA
Vpp monitor disabled
Digital Supply RAM Data Retention — 1.5 — V
Voltage
Specified Operating Temperature —40 — +85 °C
Range
SYSCLK (system clock —
(s 0 25 | MHz
frequency)
Tsysl (SYSCLK low time) 18 — — ns
Tsysh (SYSCLK high time) 18 — — ns
Notes:

1. /Analog Supply AV+ must be greater than 1 V for Vpp monitor to operate.
2. ,.SYSCLK must be at least 32 kHz to enable debugging.
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4. Pinout and Package Definitions
Table 4.1. Pin Definitions

“F206,
F220,
226,

‘F221,
231

Name 230, Type Description
236
48-Pin | 32-Pin
Vpp 11,31 8 Digital Voltage Supply.
GND 5,6,8, 9 Ground. (Note: Pins 5,6, and 8 on the 48-pin packagé are not
13,32 connected (NC), but it is recommended that they be connected to
ground.)
MONEN 12 D In | Monitor Enable (on 48 pin package ONLY). Enables reset volt-
age monitor function when pulled high (logic “1”).
TCK 25 17 Din JTAG Test Clock with internal\pull-up.
TMS 26 18 Din JTAG Test-Mode Select with internal pull-up.
TDI 28 20 Din JTAG Test Data Input with‘internal pull-up. TDI is latched on a
rising edge of TCK.
TDO 27 19 | D Out | JTAG Test Data Output. ‘Data is shifted out on TDO on the falling
edge of TCK. TDO output is a tri-state driver.
XTALA1 9 6 AIn | Crystal Input. This pin.is the return for the internal oscillator cir-
cuit for a crystal or ceramic resonator. For a precision internal
clock, connect a crystal or ceramic resonator from XTAL1 to
XTAL2. If.overdriven by an external CMOS clock, this becomes
the system clock.
XTAL2 10 7 A Out | Crystal Output. This pin is the excitation driver for a crystal or
ceramic resonator.
RST 14 10 D I/0_["Chip'Reset. Open-drain output of internal Voltage Supply moni-
tor. Is driven low when Vpp is < 2.7V and MONEN=1, or when a
‘1’is written to PORSF. An external source can force a system
reset by driving this pin low.
VREF 7 5 A'l/O | Voltage Reference. When configured as an input, this pin is the
voltage reference for the ADC. Otherwise, Vpp will be the refer-
ence. NOTE: this pin is Not Connected (NC) on ‘F230/1/6.
CPO+ 4 4 Aln Comparator 0 Non-Inverting Input.
CPO- 3 3 Aln Comparator 0 Inverting Input.
CPO 2 2 D Out Comparator 0 Output
CP1+ 1 1 Aln Comparator 1 Non-Inverting Input.
CP1- 48 32 Aln Comparator 1 Inverting Input.
CP1 47 31 D Out Comparator 1 Output
P0.0/TX 40 28 D I/O | Port0 Bit0. (See the Port /0O Sub-System section for complete
Aln description).
P0.1/RX 39 27 D I/O | Port0 Bit1. (See the Port /O Sub-System section for complete
Aln description).
P0.2/INTO 38 26 D I/O | Port0 Bit2. (See the Port /0O Sub-System section for complete
Aln description).
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Table 4.1. Pin Definitions (Continued)
‘F206,
F220, .
226, F221,
Name 230, 21| Type Description
236
48-Pin | 32-Pin
PO.3/INT1 37 25 D I/O | Port0 Bit3. (See the Port /O Sub-System section for complete
Aln description).
P0.4/TO 36 24 D I/O | Port0 Bit4. (See the Port I/O Sub-System section for'complete
Aln description).
P0.5/T1 35 23 | DI/O | Port0 Bit5. (See the Port /O Sub-System séction for complete
Aln description).
P0.6/T2 34 22 D I/O | Port0 Bit6. (See the Port /0O Sub-System section for complete
Aln description).
P0.7/T2EX 33 21 D I/O | Port0 Bit7. (See the Port /O Sub-System section for complete
Aln description).
P1.0/CPO+ 4 4 D 1/0 | Port1 Bit0. (See the Port I/O, Sub-System section for complete
Aln description).
P1.1/CPO- 3 3 D I/O | Port1 Bit1. (See the Portl/O Sub-System section for complete
Aln description).
P1.2/CPO 2 2 D I/O | Port1 Bit2. (See the Port I/O Sub-System section for complete
Aln description).
P1.3/CP1+ 1 1 D 1/0 | Port1 Bit3."(Seeithe Port I/O Sub-System section for complete
Aln description).
P1.4/CP1- 48 32 D I/O | PorttBit4+ (See the Port /0O Sub-System section for complete
Aln description).
P1.5/CP1 47 31 D I/O 4 Port1 Bit5. (See the Port /O Sub-System section for complete
Aln description).
P1.6/SYSCLK| 46 30 D.I/O_J Port1 Bit6. (See the Port I/O Sub-System section for complete
A'ln description).
P1.7 45 29 D'l/O | Port1 Bit7. (See the Port /O Sub-System section for complete
Aln description).
P2.0/SCK 24 16 D I/O | Port2 Bit0. (See the Port /0O Sub-System section for complete
Aln description).
P2.1/MISO 23 15 | D1/O | Port2 Bit1. (See the Port I/O Sub-System section for complete
Aln description).
P2.2/IMOSI 22 14 D 1/0 | Port2 Bit2. (See the Port I/O Sub-System section for complete
Aln description).
P2.3/NSS 21 13 D I/O | Port2 Bit3. (See the Port /O Sub-System section for complete
Aln description).
P2.4 15 11 D 1/O | Port2 Bit4. (See the Port I/O Sub-System section for complete
Aln description).
P2.5 16 12 D I/O | Port2 Bit5. (See the Port /O Sub-System section for complete
Aln description).
P2.6 17 D I/O | Port2 Bit6. (See the Port I/O Sub-System section for complete
Aln description).
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Table 4.1. Pin Definitions (Continued)

‘F206,
F220, ‘
226, F221,
Name 230, 21| Type Description
236
48-Pin | 32-Pin
P2.7 18 D 1/O | Port2 Bit7. (See the Port I/O Sub-System section for complete
Aln description).
P3.0 44 D I/O | Port3 Bit0. (See the Port /O Sub-System section for.complete
Aln description).
P3.1 43 D 1/0 | Port3 Bit1. (See the Port I/O Sub-System section for complete
Aln description).
P3.2 42 D I/O | Port3 Bit2. (See the Port /O Sub-System section for complete
Aln description).
P3.3 41 D I/O | Port3 Bit3. (See the Port /0 Sub-System section for complete
Aln description).
P3.4 30 D I/O | Port3 Bit4. (See the Port I/Q Sub-System section for complete
Aln description).
P3.5 29 D I/O | Port3 Bit5. (See the Port I/O Sub-System section for complete
Aln description).
P3.6 20 D I/O | Port3 Bit6. (See the Port /O Sub-System section for complete
Aln description).
P3.7 19 D I/O | Port3 Bit7.( (See the Port /O Sub-System section for complete
Aln description).
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P1.3/CP1+ | 1

[ 55 ] P14iCPi-

47 | P1.5/CP1

46 I P1.B/SYSCLK

(45 | P17
[ ] P30
2] P3a
[ 2] P32
EREE
[0 ] Po.0TX

39 I PO 1/RX

38 I PO2ANTO

37 | PO3ANT 1

o)

P1.2/CP0 [ 2
P1.1/CPO- [ 3|
P1.O/CPO+ [ 4|

NC [&]

NC [& |
VREF® [7_]
NC [& ]
XTAL1 [
XTAL2 [0 |
vDD [11]
MONEN [12_]

C8051F220/6
C8051F 23076
C8051F206

*Pin-7 is a No Connect on

36 | PO4TO

3B | POSTI
34 | POBT2

[ 33 ] PO.TT2EX
32 | GND

ERRE:
[0 ] P34
2 | P35
2 | TD
27 | TDO
% | TMS
25 TCK

GND/ 13|
msT 17}
P24 [15]
P25 [16 |
P26 [17 |
P2.7 [e]
P37 [19 ]

20

Figure 4.1. TQFP-48 Pin Diagram

'F230/6

P23NSS [[21 |
P2.2iMOSI [22 ]
P2 1mIsO [ 23|
P2.0/SCK [ 24 |
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P14ICP1-
P1.5/CP1
PORX
POZANTO
POSANT

32

31 .

E’ P1.BISYSCLK
E’ P17

E’ PODITX

27

25

P1.3/CP1+ | 1 24 | PO4TO
P1.2/CPO | 2 23 | P0O.5T1
P1.1/CPD- | 3 22 | POBT2

P1.0/CPO+ |i C8051 F221 21| POTTZEX
eee [5 C8051F231 o] o

XTAL1 | 6 19| TDO

T
XTAL2 | 7 18] s
vob | 8 *Pin 5is aNo Connect 17 Tex
(NC) on 'F231

9
10
[r]
B
B
4
15
16

GND
RESTB
P24

P25
P23INSS
P2.2MOSI
P2.1MISO
P2 0ISCK

Figure 4.2. LQFP-32 Pin Diagram

Rev. 1.7 29

SILICON LABS



C8051F2xx

D MIN |[NOM | MAX
D1 (mm) | (mm) | (mm)
M T [ .| . s
% Em E A1/ 0.05| - /015
E % A2 0.95 .00 1.05
| —
%; — b .0.17)| 0.22 | 0.27
—1 1
485)/@ — D+ - |9.00
D1 - |7.00
IDENTIFIER 1HHHHHHHHHHHH

e - 0.50
e
AZED _'i r Y E| - |9.00
8 0 B R BN
= el A1JLL E1| - |7.00

Figure 4:3. TQFP-48 Package Drawing
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D
D1

LT

MIN [NOM|MAX
(mm) | (mm)|(mm)

Al - - |4.60
[ L1
(— — A1| 0.054™- (]| 0.15
] ]
— — E1 E A2 1.35 1440 | 1.45
] ]
] - b+.0.30 | 0.37 | 0.45
] ]
32 :/XQ ] Dl - |9.00
PIN 1 Y D1| - |7.00
IDENTIFIER 1U U U U U U U L
A2 e 0.80
Yook
i uinininininiuinin (e Bl - |00
JL A1 E1/ - |7.00
b — - -—e

Figure 4.4. LQFP-32 Package Drawing
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5. ADC (8-Bit, C8051F220/1/6 Only)
Description

The ADC subsystem for the C8051F220/1/6 consists of configurable analog multiplexer (AMUX), a pro-
grammable gain amplifier (PGA), and a 100ksps, 8-bit successive-approximation-register ADC with intex
grated track-and-hold and programmable window detector (see Figure 5.1). The AMUX, PGA; Data
Conversion Modes, and Window Detector are all configurable under software control via the Special Func=
tion Register's shown in Figure 5.1. The ADC subsystem (ADC, track-and-hold and PGA) is enabled only
when the ADCEN bit in the ADC Control register (ADCOCN, SFR Definition 5.3) is set to 1. The"ADC sub-
system is in low power shutdown when this bit is 0.

| ADCOGTH | | ADCOLTH |
16 Di
AINO-51 are port 0-3 I l Co:ﬁ
pins - any external ™ P
port pin mmay be canfigured as an VDD VREF
analog inouf
1 ADWINT
AINO E—.\ 2 [
S Ry
R
. 32-t0-1
AMUX —— x>
" 8 o 8
O
o
ADC -
8
-
AIN31 D —— i 3
§.
€ @
i
3
t lﬂ [T !_VJ—\ 1 | ADBUSY (w)
== |2|nl=|a o 222 P e = e e
b T A B A oloo WEZBEEES
><'—'—222 O 0|0 dala| LR0OmwnE=
S x|=EE [alala HEEREIEIEE ] EE
<o 0|0 oo < |<C |<C T ||| [T g | || [
AMXOSL ADCOCF ADCOCN

Figure 5.1. 8-Bit ADC Functional Block Diagram

5.1,/ Analog Multiplexer and PGA

Any external port pin (ports 0-3) may be selected via software. The AMXOSL SFR is used to select the
desired analog input pin. (See SFR Definition 5.1). When the AMUX is enabled, the user selects which
port is to be used (bits PRTSL0-1), and then the pin in the selected port (bits PINSL0O-2) to be the analog
input.

The table in ?? shows AMUX functionality by channel for each possible configuration. The PGA amplifies
the AMUX output signal by an amount determined by the states of the AMPGN2-0 bits in the ADC Config-
uration register, ADCOCF (SFR Definition 5.2). The PGA can be software-programmed for gains of 0.5, 1,
2,4, 8 or 16. It defaults to a gain of 1 on reset.
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5.2. ADC Modes of Operation

The ADC has a maximum conversion speed of 100ksps. The ADC conversion clock is derived from the
system clock. The ADC conversion clock is derived from a divided version of SYSCLK. Divide ratios of
1,2,4,8, or 16 are supported by setting the ADCSC bits in the ADCOCF Register. This is useful to adjust
conversion speed to accommodate different system clock speeds.

A conversion can be initiated in one of two ways, depending on the programmed states of the ADC Start of
Conversion Mode bits (ADSTM1, ADSTMO) in ADCOCN. Conversions may be initiated by:

1. Writing a 1 to the ADBUSY bit of ADCOCN;
2. ATimer 2 overflow (i.e., timed continuous conversions).

Writing a 1 to ADBUSY provides software control of the ADC whereby conversions are, performed "on-
demand". During conversion, the ADBUSY bit is set to 1 and restored to 0 when_conversion is complete.
The falling edge of ADBUSY ftriggers an interrupt (when enabled) and sets the ADCINT interrupt flag in the
ADCOCN register. Note: When conversions are performed "on-demand", thesADCINT flag, not ADBUSY,
should be polled to determine when the conversion has completed. Converted‘data is available in the ADC
data word register, ADCOH.

The ADCTM bit in register ADCOCN controls the ADC track-and-hold mode. In its default state, the ADC
input is continuously tracked, except when a conversion is in progress. Setting ADCTM to 1 allows one of
two different low power track-and-hold modes to be specified by states of the ADSTM1-0 bits (also in
ADCOCN):

1. Tracking begins with a write of 1 to ADBUSY. and lasts for 3 SAR clocks;
2. Tracking starts with an overflow of Timer2 and lasts for 3 SAR clocks.

Tracking can be disabled (shutdown) when the entire chip is in low power standby or sleep modes.

A. ADC Timing for.External Trigger Source

CNVSTR
(ADSTM[1:0=10)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SAR Clocks 77 7
ADCTM=1, [ Teplowerer Track | Convert | Low Power Mode |
ADGTM=0 | Track Or Convert | Convert | Track |

B. ADC Timing for Internal Trigger Sources
Timer2, Timer3 Overflow; h
Write 1 to ADBUSY

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

{ SAR Clocks [/

ADCTM=1 | "LEo% [ Track | Convert | Low Power Mode

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

{ SAR Clocks W

ADCTM=0 ‘ Track or Convert ‘ Convert | Track ‘

Figure 5.2. 12-Bit ADC Track and Conversion Example Timing
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SFR Definition 5.1. AMXOSL: AMUX Channel Select

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
- | - | AMXEN | PRTSL1 | PRTSLO | PINSL2 | PINSL1 | PINSLO | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0xBB
Bits 7-6: UNUSED. Read = 00b; Write = don't care
Bit 5: AMXEN enable
0: AMXEN disabled and port pins are unavailable for analog use.
1: AMXEN enabled to use/select port pins for analog use.
Bits 4-3: PRTSL1-0: Port Select Bits*.

00: Port0 select to configure pin for analog input from this port.
01: Port1 select to configure pin for analog input from this port.
10: Port2 select to configure pin for analog input from this port.

11: Port3 select to configure pin for analog input from this port.

Bits 2—0:PINSL2-0: Pin Select Bits

000: Pin 0 of selected port (above
001: Pin 1 of selected port (above
010: Pin 2 of selected port (above
011: Pin 3 of selected port (above
100: Pin 4 of selected port (above
101: Pin 5 of selected port (above
110: Pin 6 of selected port (above
111: Pin 7 of selected port (above

~— — — — ~— ~—

~ ~—

to be used for analog input.

to be used for analog;input.
to be used for analog input.
to be used for analog input.
to be used for analog input.
to be usedfor analog input.
to be usedfor analog input.
to be used for-analog input.

* Selecting a port for analog input does.NOT default all pins of that port as analog input. After select-
ing a port for analog input, a pin must beiselected using pin select bits (PINSL2-0). For example,
after setting the AMXEN to ‘1, setting PRTSL1-0 to “11”, and setting PINSL2-0 to “100” P3.4 is
configured as analog input. All ather Port 3 pins remain as GPIO pins. Also note that in order to use
a port pin as analog input,.its input mode should be set to analog. Please see section 14.2.
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SFR Definition 5.2. ADCOCF: ADC Configuration Register

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
ADCSC2 [ ADCSC1 |[ADCSCO| - | - [AMPGN2|AMPGN1 | AMPGNO | 01100000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0xBC

Bits7-5: ADCSC2-0: ADC SAR Conversion Clock Period Bits
000: SAR Conversion Clock = 1 System Clock
001: SAR Conversion Clock = 2 System Clocks
010: SAR Conversion Clock = 4 System Clocks
011: SAR Conversion Clock = 8 System Clocks
1xx: SAR Conversion Clock = 16 Systems Clocks
NOTE: SAR conversion clock should be less than or equal to 2MHz.

Bits4-3:
Bits2-0:

UNUSED. Read = 00b; Write = don’t care
AMPGN2-0: ADC Internal Amplifier Gain

000:
001:
010:
011:
10x:
11x:

Gain =1
Gain=2
Gain=4
Gain=8
Gain = 16
Gain=0.5

SILICON LABS
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SFR Definition 5.3. ADCOCN: ADC Control (C8051F220/1/6 and C8051F206)

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| ADCEN | ADCTM [ ADCINT |ADBUSY |[ADSTM1 | ADSTMO | ADWINT [ ADLJST | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

(bit addressable) OxE8

Bit7: ADCEN: ADC Enable Bit
0: ADC Disabled. ADC is in low power shutdown.
1: ADC Enabled. ADC is active and ready for data conversions.
Bit6: ADCTM: ADC Track Mode Bit
0: When the ADC is enabled, tracking is continuous unless a conversion isin process
1: Tracking Defined by ADSTM1-0 bits
ADSTM1-0:
00: Tracking starts with the write of 1 to ADBUSY and lasts,for. 3'SAR clocks
01: RESERVED
10: RESERVED
11: Tracking started by the overflow of Timer 2 and.last.for 3 SAR clocks
Bit5: ADCINT: ADC Conversion Complete Interrupt Flag (cleared\by software).
0: ADC has not completed a data conversion since the last time this flag was cleared
1: ADC has completed a data conversion
Bit4: ADBUSY: ADC Busy Bit
Read
0: ADC Conversion complete or no valid data has'been converted since a reset. The falling
edge of ADBUSY generates an interrupt when enabled.
1: ADC Busy converting data
Write
0: No effect
1: Starts ADC Conversion ifADSTM1-0 = 00b
Bits3—2: ADSTM1-0: ADC Start of Conversion Mode Bits
00: ADC conversion started.upon a write of 1 to ADBUSY
01: RESERVED
10: RESERVED
11: ADC conversionsinitiated on overflows of Timer 2
Bit1: ADWINT: ADC Window Compare Interrupt Flag
0: ADC Window Comparison Data match has not occurred
1: ADC"Window Comparison Data match occurred
BitO: ADLJST: ADC Left Justify Data Bit (Used on C8051F206 only)
0:(Data in ADCOH:ADCOL registers are right justified.
13 Data in ADCOH:ADCOL registers are left justified.
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SFR Definition 5.4. ADCOH: ADC Data Word (‘F220/1/6 and ‘F206)

RIW RIW RIW RIW RIW RIW RIW RIW Reset Value
MSB | | | | | | | LSB | oooooooo
Bit7 Bit6 Bit5 Bitd Bit3 Bit2 Bit1 BitO  SFRAddress:
OXBF

Bits7—-0: ADC Data Word Bits

EXAMPLE: ADC Data Word Conversion Map

AIN — GND(Volts) ADCOH
REF x (255/256) OxFF
REF x %2 0x80
REF x (127/256) 0x7F
0 0x00

5.3. ADC Programmable Window Detector

The ADC programmable window detector is very useful in.many/ applications. It continuously compares
the ADC output to user-programmed limits and notifies the, system when an out-of-band condition is
detected. This is especially effective in an interrupt-driven system, saving code space and CPU bandwidth
while delivering faster system response times. The window detector interrupt flag (ADWINT in ADCOCN)
can also be used in polled mode. The high and low bytes of the reference words are loaded into the ADC
Greater-Than and ADC Less-Than registers (ADCOGTH and ADCOLTH).

SFR Definition 5.5. ADCOGTH: ADC Greater-Than Data (‘F220/1/6 and ‘F206)

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | | |
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0xC5
Bits7-0:

The high bytesof the ADC Greater-Than Data Word.

SFR.Definition 5.6. ADCOLTH: ADC Less-Than Data Byte (‘F220/1/6 and ‘F206)

R/IW R/W R/IW R/W R/IW R/W RIW R/W Reset Value
| | | | | | | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0xC7
Bits7-0:

The high byte of the ADC Less-Than Data Word.
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Input Voltage ADC Data
(Analog Input - GND) Word
REF x (255/256) OxFF
ADWINT
not affected
0x21
REF x (32/256) 0x20 ADCOLTH
Ox1F
} ADWINT=1
0x11
REF x (16/256) 0x10 ADCOGTH
OXOF
ADWINT
not affected
0 0x00
Given:
AMXOSL = 0x00, AMXOCF = 0x00, ADLJST =0,
ADCOLTH = 0x20, ADCOGTH = 0x10.
An ADC End of Conversion will cause an ADC
Window Compare Interrupt (ADWINT=1) if the
resulting ADC Data Word is < 0x20 and > 0x10s

Input Voltage ADC Data
(Analog Input - GND) Word
REF x (255/256) OxFF
ADWINT=1
ox21
REF x (32/256) 0x20 ADCOGTH
Ox1F ADIWINT
ox11 not affected
REF x (16/256) 0x10 ADCOLTH
OxOF
ADWINT=1
0 0%00
Given:

AMXOSL =/0x00, AMXOCF = 0x00, ADLJST =0,
ADCOLTH™= 0x10, ADCOGTH = 0x20.

AnADC End of Conversion will cause an ADC
Window Compare Interrupt (ADWINT=1) if the
resulting ADC Data Word is < 0x10 or > 0x20.

Figure 5.3. 8-Bit ADC Window Interrupt Examples

38 Rev. 1.7

SILICON LABS




C8051F2xx

Table 5.1. 8-Bit ADC Electrical Characteristics
VDD = 3.0V, VREF = 2.40 V, PGA Gain = 1, —40 to +85 xC unless otherwise specified.

Parameter | Conditions | Min | Typ | Max | Units
DC Accuracy
Resolution — 8 — bits
Integral Nonlinearity — — +1/2 LSB
Differential Nonlinearity Guaranteed Monotonic — — +1/2 LSB
Offset Error +2 — +1/2 L'SB
Gain Error +2 — +1/2 LSB
Offset Temperature Coefficient +0.25 — ppm/°C
Dynamic Performance (10 kHz sine-wave input, 0 to —1 dB of full scale, 100 ksps)
Signal-to-Noise Plus Distortion 495 — — dB
Total Harmonic Distortion Up to the 5t harmonic —-60 -65 — dB
Spurious-Free Dynamic Range — =65 — dB
Conversion Rate
Conversion Time in SAR Clocks 16 — — clocks
SAR Clock Frequency — 2.5 MHz
Track/Hold Acquisition Time 1.5 — — us
Throughput Rate — — 100 ksps
Analog Inputs
Input Voltage Range 0 — Vb \Y
Input Capacitance — 10 — pF
Power Specifications
Power Supply Current Operating Mode, 100 ksps — 0.45 1.0 mA
Power Supply Current in Shutdown — 0.1 1 MA
Power Supply Rejection — +0.3 — mV/V
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6. ADC (12-Bit, C8051F206 Only)

Description

The ADC subsystem for the C8051F206 consists of configurable analog multiplexer (AMUX), a program-
mable gain amplifier (PGA), and a 100ksps, 12-bit successive-approximation-register ADC with integrated
track-and-hold and programmable window detector (see Figure 6.1). The AMUX, PGA, Data Conversion
Modes, and Window Detector are all configurable under software control via the Special Function‘Regis-
ter's shown in Figure 6.1. The ADC subsystem (ADC, track-and-hold and PGA) is enabled only when:ithe
ADCEN bit in the ADC Control register (ADCOCN, Figure 6.5) is set to 1. The ADC subsystem (is<injlow
power shutdown when this bit is 0.

| ADCOGTH | | ADCOGTL | | ADCOLTH | [ ADCOLTL |

| ] I ] 2" 5

— Comp
VDD VREF

AINO-31 are port 0-3 1 ADWINT
pins -- any external
port pin may be configured
as an analog input

AIND@—.\ VoD @ [ 12
(%]
Pl
: |3
(=]
L] . 8
. 3201 2-Bit S
. AMUX —] L B
ADC B
o
a
(]
T
AIN31 F——> i o
S
2
®
g.
=]
7
1 . 1 ! 2 ADBUSY(w)
— oo = cu[—[o REE —>=T=12]~
Uaaaga @99 | ops [EEZ2EEES
IElEizZ2 koo ala|a 888:::0000%5'
Zajaemiz] 222 | BEE |<<l<2RIS|<
AMXO0SL ADCOCF ADCOCN

Figure 6.1. 12-Bit ADC Functional Block Diagram

6.1, _Analog Multiplexer and PGA

Any external port pin (ports 0-3) may be selected via software. The AMXOSL SFR is used to select the
desired analog input pin. (See SFR Definition 5.1). When the AMUX is enabled, the user selects which
portis to be used (bits PRTSL0-1), and then the pin in the selected port (bits PINSL0-2) to be the analog
input.

The PGA amplifies the AMUX output signal by an amount determined by the states of the AMPGN2-0 bits
in the ADC Configuration register, ADCOCF (SFR Definition 5.2). The PGA can be software-programmed
for gains of 0.5, 1, 2, 4, 8 or 16. It defaults to a gain of 1 on reset.
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6.2. ADC Modes of Operation

The ADC has a maximum conversion speed of 100 ksps. The ADC conversion clock is derived from the
system clock. The ADC conversion clock is derived from a divided version of SYSCLK. Divide ratios of 1,
2,4, 8, or 16 are supported by setting the ADCSC bits in the ADCOCF Register. This is useful to adjust
conversion speed to accommodate different system clock speeds.

A conversion can be initiated in one of two ways, depending on the programmed states of the ADC Start of
Conversion Mode bits (ADSTM1, ADSTMO) in ADCOCN. Conversions may be initiated by:

1. Writing a 1 to the ADBUSY bit of ADCOCN;
2. ATimer 2 overflow (i.e. timed continuous conversions).

Writing a 1 to ADBUSY provides software control of the ADC whereby conversions are, performed "on-
demand". During conversion, the ADBUSY bit is set to 1 and restored to 0 when_conversion is complete.
The falling edge of ADBUSY ftriggers an interrupt (when enabled) and sets the ADCINT interrupt flag in the
ADCOCN register. Note: When conversions are performed "on-demand", thesADCINT flag, not ADBUSY,
should be polled to determine when the conversion has completed. Converted‘data is available in the ADC
data word register, ADCOH.

The ADCTM bit in register ADCOCN controls the ADC track-and-hold mode. In its default state, the ADC
input is continuously tracked, except when a conversion is in progress. Setting ADCTM to 1 allows one of
two different low power track-and-hold modes to be specified by states of the ADSTM1-0 bits (also in
ADCOCN):

1. Tracking begins with a write of 1 to ADBUSY. and lasts for 3 SAR clocks;
2. Tracking starts with an overflow of Timer2 and lasts for 3 SAR clocks.

Tracking can be disabled (shutdown) when theientire’ chip is in low power standby or sleep modes.

A. ADC Timing for External Trigger Source

CNVSTR
(ADSTM[1:0]=10)

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

ADCTM=1 | E | Track | Convert | Low Power Mode |

Convert

ADCTM=0 | Track Or Convert \ Convert | Track \

B. ADC Timing for Internal Trigger Sources

Write 1 to ADBUSY |_|

(ADSTM[1:0]=00, 01, 11)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
{SARCIocks V777

ADCTM=1 LowPoweror ‘ Track ‘ Convert ‘ Low Power Mode

Convert

Timer2, Timer3 Overflow;

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

{ SAR Clocks [777777]

ADCTM=0 [ Trackor Comver | Convert ‘ Track ‘

Figure 6.2. 12-Bit ADC Track and Conversion Example Timing

Rev. 1.7 41

SILICON LABS



C8051F2xx

SFR Definition 6.1. AMXOSL: AMUX Channel Select

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
- | - | AMXEN [ PRTSL1 | PRTSLO | PINSL2 | PINSL1 | PINSLO | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0xBB
Bits 7-6: UNUSED. Read = 00b; Write = don’t care
Bit 5: AMXEN enable
0: AMXEN disabled and port pins are unavailable for analog use.
1: AMXEN enabled to use/select port pins for analog use.
Bits 4-3: PRTSL1-0: Port Select Bits*.

00: Port0 select to configure pin for analog input from this port.
01: Port1 select to configure pin for analog input from this port.

10: Port2 select to configure pin for analog input from this port.

11: Port3 select to configure pin for analog input from this port.

Bits 2—0:PINSL2-0: Pin Select Bits

000: Pin 0 of selected port (above
001: Pin 1 of selected port (above
010: Pin 2 of selected port (above
011: Pin 3 of selected port (above
100: Pin 4 of selected port (above
101: Pin 5 of selected port (above
110: Pin 6 of selected port (above
111: Pin 7 of selected port (above

to be used for analog input.

~— — N — ~— ~—

to be used for analog input.
to belused\for analog input.

~ ~—

to be used for analog input.
to be used for analog input.
to be used for analog input.

to be used for analog input.
to be used for analog input.

* Selecting a port for analog input does NOT default all pins of that port as analog input. After select-
ing a port for analog input, a pin must'be selected using pin select bits (PINSL2-0). For example,
after setting the AMXEN to ‘1, setting PRTSL1-0 to “11”, and setting PINSL2-0 to “100” P3.4 is
configured as analog input. All other.Port 3 pins remain as GPIO pins. Also note that in order to use
a port pin as analog input, itsiinput.-mode should be set to analog. Please see section 14.2.
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SFR Definition 6.2. ADCOCF: ADC Configuration (‘F220/1/6 and ‘F206)

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| ADCSC2 | ADCSC1 |[ADCSCO | - | - [AMPGN2 |AMPGN1 [AMPGNO | 01100000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0xBC

Bits7-5: ADCSC2-0: ADC SAR Conversion Clock Period Bits
000: SAR Conversion Clock = 1 System Clock
001: SAR Conversion Clock = 2 System Clocks
010: SAR Conversion Clock = 4 System Clocks
011: SAR Conversion Clock = 8 System Clocks
1xx: SAR Conversion Clock = 16 Systems Clocks
NOTE: SAR conversion clock should be less than or equal to 2MHz.
Bits4—3: UNUSED. Read = 00b; Write = don't care
Bits2-0: AMPGN2-0: ADC Internal Amplifier Gain
000: Gain=1
001: Gain=2
010: Gain=4
011: Gain=8
10x: Gain =16
1x: Gain=0.5
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SFR Definition 6.3. ADCOCN: ADC Control (‘F220/1/6 and ‘F206)

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
ADCEN | ADCTM | ADCINT |ADBUSY |ADSTM1 | ADSTMO | ADWINT | ADLJST | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

(bit addressable) OxE8

Bit7: ADCEN: ADC Enable Bit
0: ADC Disabled. ADC is in low power shutdown.
1: ADC Enabled. ADC is active and ready for data conversions.
Bit6: ADCTM: ADC Track Mode Bit
0: When the ADC is enabled, tracking is continuous unless a conversion isin process
1: Tracking Defined by ADSTM1-0 bits
ADSTM1-0:
00: Tracking starts with the write of 1 to ADBUSY and lasts,for. 3'SAR clocks
01: RESERVED
10: RESERVED
11: Tracking started by the overflow of Timer 2 and.last.for 3 SAR clocks
Bit5: ADCINT: ADC Conversion Complete Interrupt Flag (cleared\by software).
0: ADC has not completed a data conversion since the last time this flag was cleared
1: ADC has completed a data conversion
Bit4: ADBUSY: ADC Busy Bit
Read
0: ADC Conversion complete or no valid data has'been converted since a reset. The falling
edge of ADBUSY generates an interrupt when enabled.
1: ADC Busy converting data
Write
0: No effect
1: Starts ADC Conversion if ADSTM1-0 = 00b
Bits3—2: ADSTM1-0: ADC Start of Conversion Mode Bits
00: ADC conversion started.upon a write of 1 to ADBUSY
01: RESERVED
10: RESERVED
11: ADC conversionsinitiated on overflows of Timer 2
Bit1: ADWINT: ADC Window Compare Interrupt Flag
0: ADC Window Comparison Data match has not occurred
1: ADC"Window Comparison Data match occurred
Bit0: ADLJST: ADC Left Justify Data Bit
0:(Data in ADCOH:ADCOL registers are right justified.
13 Data in ADCOH:ADCOL registers are left justified.
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SFR Definition 6.4. ADCOH: ADC Data Word MSB (C8051F206)

RIW RIW RIW RIW RIW RIW RIW RIW Reset Value
| | | | | | | | 00000000
Bit7 Bit6 Bit5 Bita Bit3 Bit2 Bit1 BitO  SFRAddress:
OXBF

Bits7-0: ADC Data Word Bits
For ADLJST = 1: Upper 8-bits of the 12-bit ADC Data Word.
For ADLJST = 0: Bits7—4 are the sign extension of Bit3. Bits 3-0 are the upper 4:bits of the
12-bit ADC Data Word.

SFR Definition 6.5. ADCOL: ADC Data Word LSB (C8051F206)

RIW RIW RIW RIW RIW RIW RIW RIW Reset Value
| | | | | | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO  SFRAddress:
OxBE

Bits7—0: ADC Data Word Bits
For ADLJST = 1: Bits7—4 are the lower 4-bits of the 12-bit ADC Data Word. Bits3—0 will
always read 0.
For ADLJST = 0: Bits7-0 are the lower 8-bits of the 12-bit ADC Data Word.

NOTE: Resulting 12-bit ADC Data Word appears in the ADC Data Word Registers as follows:
ADCOH[3:0]:ADCOL[7:0], if ADLJST'= 0
(ADCOH][7:4] will be sign extension‘ef ADCOH.3 if a differential reading, otherwise = 0000b)

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

EXAMPLE: ADC Data Word Conversion Map, AINO Input in Single-Ended Mode
(AMXO0CF=0x00, AMX0SL=0x00)

REF x (4095/4096) OxOFFF OxFFFO
REF x % 0x0800 0x8000
REF x (2047/4096) 0x07FF Ox7FFO
0 0x0000 0x0000
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6.3. ADC Programmable Window Detector

The ADC programmable window detector is very useful in many applications. It continuously compares
the ADC output to user-programmed limits and notifies the system when an out-of-band condition is
detected. This is especially effective in an interrupt-driven system, saving code space and CPU bandwidth
while delivering faster system response times. The window detector interrupt flag (ADWINT in ADCOCN)
can also be used in polled mode. The high and low bytes of the reference words are loaded into the ADC
Greater-Than and ADC Less-Than registers (ADCOGTH, ADCOGTL, ADCOLTH, and ADCOLTL).
Figure 6.3 and Figure 6.4 show example comparisons for reference. Notice that the window detector flag
can be asserted when the measured data is inside or outside the user-programmed limits, depending on
the programming of the ADCOGTx and ADCOLTX registers.

SFR Definition 6.6. ADCOGTH: ADC Greater-Than Data High Byte (C8051F206)

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | | | min
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0xC5
Bits7-0:
The high byte of the ADC Greater-Than Data Word.

SFR Definition 6.7. ADCOGTL: ADC Greater-Than Data Low Byte (C8051F206)

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | | | s
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0xC4
Bits7-0:

The low byte of the ADC Greater-Than Data Word.

Definition: ADC Greater-Than Data Word = ADCOGTH:ADCOGTL

SFR Definition 6.8. ADCOLTH: ADC Less-Than Data High Byte (C8051F206)

RAN R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | | REGE
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0xC4
Bits7-0:

The high byte of the ADC Less-Than Data Word.
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SFR Definition 6.9. ADCOLTL: ADC Less-Than Data Low Byte (C8051F206)

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | | | s
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0xC4
Bits7-0:
These bits are the low byte of the ADC Less-Than Data Word.
Definition:
ADC Less-Than Data Word = ADCOLTH:ADCOLTL
Input Voltage ADC Data Input Voltage ADC Data
(Analog Input - GND) Word (Analog Input< GNDB, Word
REF x (4095/4096) OXOFFF REF x (4095/4096) OXOFFF
ADWINT _
not affected ADWINT=1
0x0201 0x0201
REF x (512/4096) 0x0200 | ADCOLTH:ADCOLTL REF x (512/4096) 0x0200 | ADCOGTH:ADCOGTL
OXO1FF OXOTFF
} ADWINT=1 ADWINT
0x0101 0x0101 not affected
REF x (256/4096) 0x0100 | ADCOGTH:ADCOGTL REF x (256/4096) 0x0100 | ADCOLTH:ADCOLTL
OXOOFF OX00FF
ADWINT ADWINT=1
not affected
0 0x0000 0 0x0000
Given: Given:
AMXO0SL = 0x00, AMXOCF = 0x00, ADLJST = 0, AMXO0SL = 0x00, AMXOCF = 0x00, ADLJST = 0,
ADCOLTH:ADCOLTL = 0x0200, ADCOLTH:ADCOLTL = 0x0100,
ADCOGTH:ADCOGTL = 0x0100. ADCOGTH:ADCOGTL = 0x0200.
An ADC (Endfof Conversion will cause an ADC An ADC End of Conversion will cause an ADC
Window Compare Interrupt (ADWINT=1) if the | Window Compare Interrupt (ADWINT=1) if the
resulting ADC Data Word is < 0x0200 and > resulting ADC Data Word is < 0x0100 or >
0x0100. 0x0200.

Figure 6.3. 12-Bit ADC Window Interrupt Examples, Right Justified Data
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Input Voltage ADC Data
(ADO - AGND) Word
REF x (4095/4096) OxFFFO
ADWINT
not affected
0x2010
REF x (512/4096) 0x2000 ADCOLTH:ADCOLTL

Ox1FFO
ADWINT=1
0x1010
REF x (256/4096) 0x1000 ADCOGTH:ADCOGTL
O0x0FFO0
ADWINT
not affected
0 0x0000

Given:

AMXOSL = 0x00, AMXOCF = 0x00, ADLJST =1,
ADCOLTH:ADCOLTL = 0x2000,
ADCOGTH:ADCOGTL = 0x1000.

An ADC End of Conversion will cause an"ADC
Window Compare Interrupt (ADWINT=1)0if the
resulting ADC Data Word is < 0x2000‘and >
0x1000.

Input Voltage ADC Data
(ADO - AGND) Word
REF x (4095/4096) OxFFFO
ADWINT=1
0x2010
REF x (512/4096) 0x2000 ABCOGTH:ADCOGTL
0x1FFO ADWINT
0x1010 not affected
REF x (256/4096) 0x1000 ADCOLTH:ADCOLTL
OXOFF0
ADWINT=1
0 0x0000

Given:

AMXOSL = 0x00, AMXOCF = 0x00, ADLJST = 1,
ADCOLTH:ADCOLTL = 0x1000,
ADCOGTH:ADCOGTL = 0x2000.

An ADC End of Conversion will cause an ADC
Window Compare Interrupt (ADWINT=1) if the
resulting ADC Data Word is < 0x1000 or >
0x2000.

Figure 6.4. 12-BitADC:Window Interrupt Examples, Left Justified Data
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Table 6.1. 12-Bit ADC Electrical Characteristics (C8015F206 only)
Vpp = 3.0V, VREF =2.40 V (REFBE=0), PGA Gain = 1, —40 to +85 °C unless otherwise specified.

Parameter | Conditions | Min | Typ | Max | Units
DC Accuracy
Resolution 12 bits
Integral Nonlinearity — +1 +2 LSB
Differential Nonlinearity Guaranteed Monotonic — — 12 1°SB
Offset Error +20 +5 — LSB
Full Scale Error Differential mode — — =20+10 LSB
Offset Temperature Coefficient — +0.25 — ppm/°C
Dynamic Performance (10 kHz sine-wave input, 0 to —1 dB of full scale, 100 ksps)
Signal-to-Noise Plus Distortion 63 66 — dB
Total Harmonic Distortion Up to the 51 harmonic -60 <72 — dB
Spurious-Free Dynamic Range 60 76 — dB
Conversion Rate
Conversion Time in SAR Clocks 16 — — clocks
SAR Clock Frequency — — 2.0 MHz
Track/Hold Acquisition Time 1.5 — — us
Throughput Rate — — 100 ksps
Analog Inputs
Voltage Conversion Range 0 — VREF \%
Input Voltage Any pin (in Analog Input Mode) | GND — Vbb \%
Input Capacitance — 10 — pF
Power Specifications
Power Supply Current o ) o
(Vpp supplied to ADC) perating Mode, 100 ksps 0.45 1.0 mA
Power Supply Rejection — +0.3 — mV/V
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7. Voltage Reference (C8051F206/220/221/226)

The voltage reference circuit selects between an externally connected reference and the power supply
voltage (Vpp)- (See Figure 7.1).

An external reference can be connected to the VREF pin and selected by setting the REFOCN special
function register per Figure 7.1. The external reference supply must be between Vpp — 0.3 Vand 1V. V[pp

may also be selected using REFOCN per SFR Definition 7.1. The electrical specifications for the Voltage
Reference are given in Table 7.1.

&
Vdd
O To ADC Ref
oy =
" ]
®Q
1]
.
1)
1]
:
H
X LIS, R REFOCN[1:0]
2
Vref (external) Set REFOCN to:
00: Use external Vref

11: Use Vdd

Figure 7.1. Voltage Reference Functional Block Diagram

SFR Definition.7.1. REFOCN: Reference Control

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

- - | -O% - | - | - |REFSL1 | REFSLO | 00000000

Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0xD1

Bits7—2: UNUSED. Read = 00000b; Write = don't care

Bit1—-0: REFSL1="REFSLO: Voltage reference selection.
Bits.control which reference is selected.
00y External VREF source is selected.
01: Reserved.
10: Reserved.
11: Vpp selected as VREF source.
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Table 7.1. Reference Electrical Characteristics

Vpp = 3.0 V, Temperature —40 to +85 xC

External Reference ([REFSL1: REFSLO0] = 00), VRegp =2.4 V)| Min Typ Max Units
Input Voltage Range 1.00 — |(Vpp)-0.3V \Y;
Input Current — 0.1 10 pA
Input Resistance 100 — — MQ
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8. Comparators

The MCU has two on-board voltage comparators as shown in Figure 8.1. The inputs of each Comparator
are available at the package pins. The output of each comparator is optionally available at port1 by config-
uring (see Section 14). When assigned to package pins, each comparator output can be programmed to
operate in open drain or push-pull modes (see section 14.2).

The hysteresis of each comparator is software-programmable via its respective Comparator Control Regis-
ter (CPTOCN, CPT1CN). The user can program both the amount of hysteresis voltage (referred to the
input voltage) and the positive-going and negative-going symmetry of this hysteresis around the,threshold
voltage. The output of the comparator can be polled in software, or can be used as an_interruptisource.
Each comparator can be individually enabled or disabled (shutdown). When disabled, the comparator out-
put (if assigned to a Port I/O pin via the Port1 MUX) defaults to the logic low state and its.interrupt capabil-
ity is suspended. Comparator inputs can be externally driven from —-0.25V to (Vpp) +10.25 V without

damage or upset.

The Comparator 0 hysteresis is programmed using bits 3—0 in the Comparator 0 Control Register CPTOCN
(shown in SFR Definition 8.1). The amount of negative hysteresis voltageiis determined by the settings of
the CPOHYN bits. As shown in Figure 8.2, settings of 10, 4 or 2 mV., of*negative hysteresis can be pro-
grammed, or negative hysteresis can be disabled. In a similar way, the amount of positive hysteresis is
determined by the setting the CPOHYP bits.

Comparator interrupts can be generated on both rising-edge and falling-edge output transitions. (For Inter-
rupt enable and priority control, see Section 9.4). The CPOFIFE flag is set upon a Comparator O falling-edge
interrupt, and the CPORIF flag is set upon the Comparator O rising-edge interrupt. Once set, these bits
remain set until cleared by the user software. The Qutput State of Comparator 0 can be obtained at any
time by reading the CPOOUT bit. Comparator 0 is enabled by setting the CPOEN bit, and is disabled by
clearing this bit. Note there is a 20 mS poweron time between setting CPOEN and the output stabilizing.
Comparator 0 can also be programmed as a reset source. For details, see Section 11. The operation of
Comparator 1 is identical to that of Comparator 0, except the Comparator 1 is controlled by the CPT1CN
Register (SFR Definition 8.2). Also, Comparator 1 can not be programmed as a reset source. The com-
plete electrical specifications for the Comparators are given in Table 8.1.
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CPOEN

CPOOUT

CPORIF

CPOFIF

CPOHYP1

AV+

CPTOCN

CPOHYPO

CPOHYN1

Reset

CPOHYNO

L] L]

p1.0/cpo+ [X]
P1.1/CPO- |Zi

CP1EN

CP10UT

= Decision
Tree

External Pin

""BORTT | |
i _Engé__.'_g
MInterropts] :

!t Handler 1

CP1RIF

CP1FIF

CP1HYP1

CPT1CN

CP1HYPO

CP1HYN1

L] L]

CP1HYNO

B1.3/CP1+ |Zi

p1.4/CP1- |Xi

" AGND

Synchronizer

External Pin
P1 5/CP1

- E"HE __
'"IﬁtErTLTpT !

I Handler |

Figure 8.1. Comparator Functional Block Diagram
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CPO+
VINd ——— +
CPO ouT
VIN- _CPO- | _
CIRCUIT CONFIGURATION

Positive Hysteresis Voltage A
(Programmed with CPOHYSP Bits)

VIN-
INPUTS / 4 Negative Hysteresis Volzage_
(Programmed by CPOHYSN Biis)
VIN+ Y

OUTPUT
VoL
J | ‘ L Negative Hysteresis J ‘ | L Maximum
Disabled Negative Hysteresis
Positive Hysteresis Maximum
Disabled Positive Hysteresis
Figure 8.2. Comparator Hysteresis Plot
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SFR Definition 8.1. CPTOCN: Comparator 0 Control

R/W R R/W R/W R/W R/W R/W R/W Reset Value
CPOEN | CPOOUT | CPORIF | CPOFIF |CPOHYP1|CPOHYPO|CPOHYN1|[CPOHYNO| 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0x9E

Bit7: CPOEN: Comparator 0 Enable Bit
0: Comparator 0 Disabled.
1: Comparator O Enabled.
Bit6: CPOOUT: Comparator 0 Output State Flag
0: Voltage on CP0+ < CPO-
1: Voltage on CPO+ > CPO-
Bit5: CPORIF: Comparator 0 Rising-Edge Interrupt Flag
0: No Comparator 0 Rising-Edge Interrupt has occurred since this{lag,was cleared
1: Comparator 0 Rising-Edge Interrupt has occurred since this flagwas' cleared
Bit4: CPOFIF: Comparator 0 Falling-Edge Interrupt Flag
0: No Comparator 0 Falling-Edge Interrupt has occurredisince this flag was cleared
1: Comparator 0 Falling-Edge Interrupt has occurred sinceithis flag was cleared
Bit3—2: CPOHYP1-0: Comparator 0 Positive Hysteresis Control Bits
00: Positive Hysteresis Disabled
01: Positive Hysteresis =2 mV
10: Positive Hysteresis = 4 mV
11: Positive Hysteresis = 10 mV
Bit1-0: CPOHYN1-0: Comparator 0 Negative Hysteresis Control Bits
00: Negative Hysteresis Disabled
01: Negative Hysteresis = 2 mV
10: Negative Hysteresis =4 mV
11: Negative Hysteresis = 10'mV.
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SFR Definition 8.2. CPT1CN: Comparator 1 Control

R/W R R/W R/W R/W R/W R/W R/W Reset Value
CP1EN | CP10UT | CP1RIF | CP1FIF [CP1HYP1|CP1HYPO|CP1HYN1|CP1HYNO| 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
Ox9F
Bit7: CP1EN: Comparator 1 Enable Bit
0: Comparator 1 Disabled.
1: Comparator 1 Enabled.
Bit6: CP10UT: Comparator 1 Output State Flag
0: Voltage on CP1+ < CP1-
1: Voltage on CP1+ > CP1-
Bit5: CP1RIF: Comparator 1 Rising-Edge Interrupt Flag
0: No Comparator 1 Rising-Edge Interrupt has occurred since this{flag was cleared
1: Comparator 1 Rising-Edge Interrupt has occurred since this flagiwas cleared
Bit4: CP1FIF: Comparator 1 Falling-Edge Interrupt Flag
0: No Comparator 1 Falling-Edge Interrupt has occurredisince this flag was cleared
1: Comparator 1 Falling-Edge Interrupt has occurred sinceithis flag was cleared
Bit3—2: CP1HYP1-0: Comparator 1 Positive Hysteresis Control Bits
00: Positive Hysteresis Disabled
01: Positive Hysteresis =2 mV
10: Positive Hysteresis = 4 mV
11: Positive Hysteresis = 10 mV
Bit1-0: CP1HYN1-0: Comparator 1 Negative Hysteresis Control Bits
00: Negative Hysteresis Disabled
01: Negative Hysteresis = 2 mV
10: Negative Hysteresis =4 mV
11: Negative Hysteresis = 10'mV.
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Table 8.1. Comparator Electrical Characteristics

Vpp = 3.0V, —40 to +85 xC unless otherwise specified.

Parameter Conditions Min Typ Max Units
Response Time1* (CP+)—(CP-)=100 mV — 4 — ps
Response Time2* (CP+) - (CP-)=10mV — 12 — us
g:{ir:)mon Mode Rejection L 15 4 FRyAY:
Positive Hysteresis1 CPnHYP1-0 =00 — 0 1 mV
Positive Hysteresis2 CPnHYP1-0 =01 2 45 7 mV
Positive Hysteresis3 CPnHYP1-0 =10 4 9 15 mV
Positive Hysteresis4 CPnHYP1-0 = 11 10 17 25 mV
Negative Hysteresis1 CPnHYN1-0 =00 - 0 1 mV
Negative Hysteresis2 CPnHYN1-0 =01 2 4.5 7 mV
Negative Hysteresis3 CPnHYN1-0 =10 4 9 15 mV
Negative Hysteresis4 CPnHYN1-0 = 11 10 17 25 mV
Inverting or Non-inverting 0.25 . (Vpp) Y
Input Voltage Range +0.25
Input Capacitance — 7 — pF
Input Bias Current -5 0.001 +5 nA
Input Offset Voltage -10 — +10 mV
POWER SUPPLY
Power-up Time CPnEN from 0 to 1 — 20 — us
Power Supply Rejection — 0.1 1 mV/V
Supply Current SaZiLagg?ngﬂa?':?or) at DC o 15 4 WA
*Note: | CPRHYP1-0 = CPnHYN1-0 = 00.
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9. CIP-51 Microcontroller

General Description

The MCU'’s system controller core is the CIP-51 microcontroller. The CIP-51 is fully compatible with the

MCS-51™ instruction set. Standard 803x/805x assemblers and compilers can be used to develop soft-
ware. The MCU has a superset of all the peripherals included with a standard 8051. Included are three
16-bit counter/timers (see description in Section 17), a full-duplex UART (see description in Section 16),
256 bytes of internal RAM, 128 byte Special Function Register (SFR) address space (see Section 9.3);
and four byte-wide I/O Ports (see description in Section 14). The CIP-51 also includes on-chip_debug
hardware (see description in Section 18), and interfaces directly with the MCU’s analog and digital subsys-
tems providing a complete data acquisition or control-system solution in a single integrated,circuit.

Features

The CIP-51 Microcontroller core implements the standard 8051 organization and peripherals as well as
additional custom peripherals and functions to extend its capability (see Figure 94, for a block diagram).
The CIP-51 includes the following features:

*  Fully Compatible with MCS-51 Instruction Set
* 25 MIPS Peak Throughput with 25 MHz Clock
* 0to 25 MHz Clock Frequency

+ 256 Bytes of Internal RAM

» Optional 1024 Bytes of XRAM
» 8 kB Flash Program Memory

Four Byte=Wide /O Ports

Extended Interrupt Handler

Reset Input

Power Management Modes
On-chip Debug Circuitry

Program and Data Memory Security

-

DATA BUS
B 2
[ B REGISTER ] [ STACKPOINTER |
1%}
o
o
<
= SRAM
a ADDRESS —'\(222"';(’”8)
REGISTER | V'
DATA BUS
SFR_ADDRESS
BUFFER G
R sFR_CONTROL |
= T
DATAPONTER N (P el L srRwRTE Daa |
sFR_ReAD_DATA |
PC INCREMENTER |
[:] PN
MEM_ADDRESS
PROGRAM COUNTER (PC) 2N P .
MEM_CONTROL |
i MEMORY
—ﬂ PRGM. ADDRESS REG. | = INTERFACE | MEM_WRITE_DATA |
a
MEM_READ_DATA |
< PIPELINE
RESET CONTROL
| Logic SYSTEM_IRQs
CLOCK
INTERRUPT |
INTERFACE
| sTOP [ EMULATION_IRQ
-+ \ !
| POWER CONTROL |11
IDLE REGISTER N
|

Figure 9.1. CIP-51 Block Diagram
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Performance

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, and usually have a maximum system clock of 12MHz. By contrast, the CIP-51
core executes 70% of its instructions in one or two system clock cycles, with no instructions taking more
than eight system clock cycles.

With the CIP-51’s maximum system clock at 25MHz, it has a peak throughput of 25MIPS. The CIP-51has
a total of 109 instructions. The number of instructions versus the system clock cycles required to'execute
them is as follows:

Instructions 26 50 5 14 7 3 1
Clocks to Execute 1 2 2/3 3 3/4 4 415 5 8

Programming and Debugging Support

A JTAG-based serial interface is provided for in-system programming of\theFlash program memory and
communication with on-chip debug support logic. The re-programmableFlash can also be read and
changed a single byte at a time by the application software using the MOVC and MOVX instructions. This
feature allows program memory to be used for non-volatile data stoérage as well as updating program code
under software control.

The on-chip debug support circuitry facilitates full speed in-gircuit debugging, allowing the setting of hard-
ware breakpoints and watchpoints, starting, stopping, and single stepping through program execution
(including interrupt service routines), examination of the program’s call stack, and reading/writing the con-
tents of registers and memory. This method of .on=chip’debugging is completely non-intrusive and non-
invasive, requiring no RAM, Stack, timers, of‘ether on-chip resources.

The CIP-51 is supported by development:-tools.from Silicon Laboratories and third party vendors. Silicon
Labs provides an integrated developmént environment (IDE) including editor, macro assembler, debugger
and programmer. The IDE’s debugger and programmer interface to the CIP-51 via its JTAG interface to
provide fast and efficient in-systemdevice programming and debugging. Third party macro assemblers
and C compilers are also available.
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9.1. Instruction Set

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

9.1.1. Instruction and CPU Timing

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

Due to the pipelined architecture of the CIP-51, most instructions execute in the same number of clock
cycles as there are program bytes in the instruction. Conditional branch instructions take one less clock
cycle to complete when the branch is not taken as opposed to when the branch'is taken. Table 9.1 is the
CIP-51 Instruction Set Summary, which includes the mnemonic, number of bytes, and number of clock
cycles for each instruction.

9.1.2. MOVX Instruction and Program Memory

The MOVX instruction is typically used to access external dataymemory. The CIP-51 does not support
external data or program memory. In the CIP-51, the MOVX instruction accesses the on-chip program
memory space implemented as re-programmable Flash memory and the 1024 bytes of XRAM (optionally
available on ‘F226/236 and ‘F206). This feature provides a mechanism for the CIP-51 to update program
code and use the program memory space for non-volatile'data storage. Refer to Section 10 (Flash Mem-
ory) and Section 11 (External RAM) for further details.

Table 9.1. CIP-51.Instruction Set Summary

Mnemonic Description Bytes é:s:gl(:aks
Arithmetic Operations
ADD A,Rn Add'register to A 1 1
ADD A,direct Add direct byte to A 2 2
ADD A,@Ri Add indirect RAM to A 1 2
ADD A #data Add immediate to A 2 2
ADDC A,Rn Add register to A with carry 1 1
ADDC A, direct Add direct byte to A with carry 2 2
ADDC A, @Ri Add indirect RAM to A with carry 1 2
ADDC A #data Add immediate to A with carry 2 2
SUBB A,Rn Subtract register from A with borrow 1 1
SUBB A, direct Subtract direct byte from A with borrow 2 2
SUBB A,@Ri Subtract indirect RAM from A with borrow 1 2
SUBB A #data Subtract immediate from A with borrow 2 2
INCA Increment A 1 1
INC Rn Increment register 1 1
INC direct Increment direct byte 2 2
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Table 9.1. CIP-51 Instruction Set Summary (Continued)

Mnemonic Description Bytes (?;glceks

INC @RI Increment indirect RAM 1 2
DECA Decrement A 1 1
DEC Rn Decrement register 1 1
DEC direct Decrement direct byte 2 2
DEC @Ri Decrement indirect RAM 1 2
INC DPTR Increment Data Pointer 1 1
MUL AB Multiply A and B 1 4
DIV AB Divide A by B 1 8
DA A Decimal Adjust A 1 1
Logical Operations

ANL A,Rn AND Register to A 1 1
ANL A, direct AND direct byte to A 2 2
ANL A,@Ri AND indirect RAM to A 1 2
ANL A #data AND immediate to A 2 2
ANL direct,A AND A to direct byte 2 2
ANL direct,#data AND immediate to direct byte 3 3
ORL A,Rn OR Register to A 1 1
ORL A,direct OR direct byte to A 2 2
ORL A,@Ri OR indirect RAM toA 1 2
ORL A #data OR immediate to A 2 2
ORL direct,A OR A to direct byte 2 2
ORL direct,#data OR immediate to direct byte 3 3
XRL ARn Exclusive-OR Register to A 1 1
XRL A,direct Exclusive-OR direct byte to A 2 2
XRL A,@Ri Exclusive-OR indirect RAM to A 1 2
XRL A #data Exclusive-OR immediate to A 2 2
XRL direct,A Exclusive-OR A to direct byte 2 2
XRL direct,#data Exclusive-OR immediate to direct byte 3 3
CLRA Clear A 1 1
CPLA Complement A 1 1
RLA Rotate A left 1 1
RLCA Rotate A left through carry 1 1
RR A Rotate A right 1 1
RRC A Rotate A right through carry 1 1
SWAP A Swap nibbles of A 1 1
Data Transfer

MOV A,Rn Move register to A 1 1
MOV A, direct Move direct byte to A 2 2
MOV A ,@Ri Move indirect RAM to A 1 2
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Table 9.1. CIP-51 Instruction Set Summary (Continued)

Mnemonic Description Bytes ((::ngceks
MOV A #data Move immediate to A 2 2
MOV Rn,A Move A to register 1
MOV Rn,direct Move direct byte to register
MOV Rn,#data Move immediate to register
MOV direct,A Move A to direct byte

MOV direct,Rn

Move register to direct byte

MOV direct,direct

Move direct byte to direct

MOV direct, @Ri Move indirect RAM to direct byte
MOV direct,#data Move immediate to direct byte
MOV @Ri,A Move A to indirect RAM

MOV @Ri,direct

Move direct byte to indirect RAM

MOV @Ri,#data

Move immediate to indirect RAM

MOV DPTR #data16 Load data pointer with 16-bit constant
MOVC A,@A+DPTR Move code byte relative DPTR to A
MOVC A,@A+PC Move code byte relative PC'to A

MOVX A,@Ri Move external data (8-bit address) to A
MOVX @Ri,A Move A to external data-(8-bit address)
MOVX A,@DPTR Move external data.(16=bit’address) to A
MOVX @DPTR,A Move A to extérnal data (16-bit address)
PUSH direct Push direct byte onto stack

POP direct Pop direct byte from stack

XCHA,Rn Exchange register with A

XCH A direct Exchange direct byte with A

XCHA,@Ri Exchange indirect RAM with A

XCHD A,@Ri Exchange low nibble of indirect RAM with A

= =N =N DN =222 =22 =2WOIDNDN=_2ONNWODNIDN NN -

NININ 2NN W W W W W W W NNNWINWNDNINDND

Boolean Manipulation

CLRC Clear carry 1 1
CLR bit Clear direct bit 2 2
SETB C Set carry 1 1
SETB. bit Set direct bit 2 2
CRLC Complement carry 1 1
CPL bit Complement direct bit 2 2
ANL C,bit AND direct bit to carry 2 2
ANL C,/bit AND complement of direct bit to carry 2 2
ORL C,bit OR direct bit to carry 2 2
ORL C,/bit OR complement of direct bit to carry 2 2
MOV C,bit Move direct bit to carry 2 2
MOV bit,C Move carry to direct bit 2 2
JC rel Jump if carry is set 2 2/3
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Table 9.1. CIP-51 Instruction Set Summary (Continued)

Mnemonic Description Bytes ((::ngceks

JNC rel Jump if carry not set 2 2/3
JB bit,rel Jump if direct bit is set 3 3/4
JNB bit,rel Jump if direct bit is not set 3 3/4
JBC bit,rel Jump if direct bit is set and clear bit 3 3/4
Program Branching

ACALL addr11 Absolute subroutine call 2 3
LCALL addr16 Long subroutine call 3 4
RET Return from subroutine 1 5
RETI Return from interrupt 1 5
AJMP addr11 Absolute jump 2 3
LJMP addr16 Long jump 3 4
SJIMP rel Short jump (relative address) 2 3
JMP @A+DPTR Jump indirect relative to DPTR 1 3
JZ rel Jump if A equals zero 2 2/3
JNZ rel Jump if A does not equal zero 2 2/3
CJUNE A direct,rel Compare direct byte to A andjump if not equal 3 3/4
CJNE A #data,rel Compare immediate to/Axand jump if not equal 3 3/4
CJNE Rn,#data,rel Compare immediate.toregister and jump if not equal 3 3/4
CJINE @Ri,#data,rel Compare immediate’to indirect and jump if not equal 3 4/5
DJNZ Rn,rel Decrement register and jump if not zero 2 2/3
DJNZ direct,rel Decrement direct byte and jump if not zero 3 3/4
NOP No operation 1 1
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Notes on Registers, Operands and Addressing Modes:

Rn - Register R0O-R7 of the currently selected register bank.
@Ri - Data RAM location addressed indirectly through register RO—R1

rel - 8-bit, signed (two’s compliment) offset relative to the first byte of the following instruction. Usedby
SJMP and all conditional jumps.

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

#data - 8-bit constant

#data 16 - 16-bit constant

bit - Direct-addressed bit in Data RAM or SFR.

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

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

There is one unused opcode (0xA5) that performs.the same function as NOP.
All mnemonics copyrighted © Intel Corporation 1980.
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9.2. Memory Organization

The memory organization of the CIP-51 System Controller is similar to that of a standard 8051. There are
two separate memory spaces: program memory and data memory. Program and data memory share the
same address space but are accessed via different instruction types. There are 256 bytes of internal data
memory and 8 kB of internal program memory address space implemented within the CIP-51. The CIP-51
memory organization is shown in Figure 9.2.

9.2.1. Program Memory

The CIP-51 has a 8 kB program memory space. The MCU implements 8320 bytes of this program*mem-
ory space as in-system, reprogrammable Flash memory, organized in a contiguous block from addresses
0x0000 to 0x207F. Note: 512 bytes (Ox1E00 — Ox1FFF) of this memory are reserved for factory use and
are not available for user program storage.

Program memory is normally assumed to be read-only. However, the CIP-51 can write to program memory
by setting the Program Store Write Enable bit (PSCTL.0) and using the MOV X-instruction. This feature pro-
vides a mechanism for the CIP-51 to update program code and use the,program memory space for non-
volatile data storage. Refer to Section 10 Flash Memory for further details.

9.2.2. Data Memory

The CIP-51 implements 256 bytes of internal RAM mapped into'the data memory space from 0x00 through
OxFF. The lower 128 bytes of data memory are used for.general purpose registers and memory. Either
direct or indirect addressing may be used to access the lower 128 bytes of data memory. Locations 0x00
through Ox1F are addressable as four banks of general purpose registers, each bank consisting of eight
byte-wide registers. The next 16 bytes, locations 0x20 through 0x2F, may either be addressed as bytes or
as 128 bit locations accessible with the direct bit/addressing mode.

The upper 128 bytes of data memory are accessible only by indirect addressing. This region occupies the
same address space as the Special Function“Registers (SFR) but is physically separate from the SFR
space. The addressing mode used_by an instruction when accessing locations above 0x7F determines
whether the CPU accesses the upper128 bytes of data memory space or the SFRs. Instructions that use
direct addressing will access they,SER space. Instructions using indirect addressing above Ox7F will
access the upper 128 bytes of data'memory. Figure 9.2 illustrates the data memory organization of the
CIP-51.

Additionally, the C8051F206/226/236 feature 1024 Bytes of RAM mapped in the external data memory
space. All address’locations may be accessed using the MOVX instruction. (Please see Section 11).
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PROGRAM MEMORY

DATA MEMORY

0x207F 128 Byte ISP FLASH OxFF Upper 128 RAM Special Function

0x2000 (Indirect Addressing Register's

Ox1FFF 0x80 Only) (Direct Addressing Only)

RESERVED
Ox1EQO0 Ox7F
Ox1DFF (Direct and Indirect
Addressing) Lower 128 RAM
0x30 (Direct and Indirect
0x2F i
FLASH Bit Addressable Addressing)
0x20
(In-System Ox1F General Purpose
Programmable in 512 0x00 Registers
Byte Sectors)

Ox3FF

0x0000

Mapped into
1024 Byte External Data Memory
XRAM Space
(C8051F226/236/206 only)

0x000

Figure 9.20 Memory Map

9.2.3. General Purpose Registers

The lower 32 bytes of data memory, Jocations 0x00 through 0x1F, may be addressed as four banks of gen-
eral-purpose registers. Each bank ‘consists of eight byte-wide registers designated RO through R7. Only
one of these banks may be enabled\at a time. Two bits in the program status word, RS0 (PSW.3) and RS1
(PSW.4), select the active register bank (see description of the PSW in SFR Definition 9.4). This allows
fast context switching when, entering subroutines and interrupt service routines. Indirect addressing
modes use registers R0 and R1 as index registers.

9.2.4. Bit Addressable Locations

In addition to directaccess to data memory organized as bytes, the sixteen data memory locations at 0x20
through Ox2F are also accessible as 128 individually addressable bits. Each bit has a bit address from
0x00to Ox7E._Bit 0 of the byte at 0x20 has bit address 0x00 while bit 7 of the byte at 0x20 has bit address
0x07. Bit*7-0f the byte at 0x2F has bit address 0x7F. A bit access is distinguished from a full byte access
by theitype of instruction used (bit source or destination operands as opposed to a byte source or destina-
tion).

The MCS-51™ assembly language allows an alternate notation for bit addressing of the form XX.B where
XX is the byte address and B is the bit position within the byte. For example, the instruction:
MOV C, 22h.3

moves the Boolean value at 0x13 (bit 3 of the byte at location 0x22) into the user Carry flag.
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9.2.5. Stack

A programmer's stack can be located anywhere in the 256-byte data memory. The stack area is desig-
nated using the Stack Pointer (SP, 0x81) SFR. The SP will point to the last location used. The next value
pushed on the stack is placed at SP+1 and then SP is incremented. A reset initializes the stack pointer to
location 0x07. Therefore, the first value pushed on the stack is placed at location 0x08, which is also the
first register (RO) of register bank 1. Thus, if more than one register bank is to be used, the SP should be
initialized to a location in the data memory not being used for data storage. The stack depth can extend'up
to 256 bytes.

The MCU also has built-in hardware for a stack record. The stack record is a 32-bit shift register, where
each Push or increment SP pushes one record bit onto the register, and each Call pushes tworecord bits
onto the register. (A Pop or decrement SP pops one record bit, and a Return pops two,record bits, also.)
The stack record circuitry can also detect an overflow or underflow on the 32-bit shift register, and can
notify the emulator software even with the MCU running full-speed debug.
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9.3. Special Function Registers

The direct-access data memory locations from 0x80 to OxFF constitute the special function registers
(SFRs). The SFRs provide control and data exchange with the CIP-51's resources and peripherals. The
CIP-51 duplicates the SFRs found in a typical 8051 implementation as well as implementing additional
SFRs used to configure and access the sub-systems unique to the MCU. This allows the addition of new
functionality while retaining compatibility with the MCS-51™ instruction set. Table 9.3 lists the SFRs_imple-
mented in the CIP-51 System Controller.

The SFR registers are accessed anytime the direct addressing mode is used to access memory. locations
from 0x80 to OxFF. SFRs with addresses ending in 0x0 or 0x8 (e.g. PO, TCON, P1, SCON, IE; etc.) are bit-
addressable as well as byte-addressable. All other SFRs are byte-addressable «only. ", Unoccupied
addresses in the SFR space are reserved for future use. Accessing these areas will ‘have an indetermi-
nate effect and should be avoided. Refer to the corresponding pages of the datasheet,ias indicated in
Table 9.3, for a detailed description of each register.

Table 9.2. Special Function Register Memory Map

F8 | SPIOCN WDTCN

FO B POMODE | P1IMODE | P2MODE | P3MODE?2 EIP1 EIP2

E8 | ADCOCN!? RSTSRC

EO ACC PRTOMX | PRT1IMX | PRT2MX EIE1 EIE2

D8

DO PSW | REFOCN

C8 | T2CON RCAP2L | RCAP2H TL2 TH2

co ADCOGTL4ADCOGTH!|ADCOLTL# |ADCOLTH!

B8 IP AMX0SL' | ADCOCF? ADCOL* | ADCOH!

BO P3 OSCXCN | OSCICN FLSCL | FLACL

A8 IE SWCINT EMIOCN?

A0 P2 PRTOCF | PRTICF | PRT2CF | PRT3CF

98 SCON SBUE |\SPIOCFG | SPIODAT SPIOCKR | CPTOCN | CPTICN

90 P1

88 TCON TMQD TLO TL1 THO TH1 CKCON | PSCTL

80 PO SP DPL DPH PCON

) 2(A) 3(8) 4(C) 5(D) 6(E) 7(F)

Notes:

1. C8051F230/1/6 Do not have these registers.
2.,/C8051F221/231 Does not have this register (32 pin package).
3. On the C8051F206 and C8051F226/236 only.

4. On the C8051F206 only (12-bit ADC)
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SFR’s are listed in alphabetical order.

Table 9.3. Special Function Registers

Address Register Description Page No.
OxEOQ ACC Accumulator 73
0xBC ADCOCF ADC Configuration 35
OxE8 ADCOCN ADC Control 36
0xC5 ADCOGTH ADC Greater-Than Data Word (High Byte) 37
0xC4 ADCOGTL* ADC Greater-Than Data Word (Low Byte) 46
OxBF ADCOH' ADC Data Word (High Byte) 37
OxBE ADCoL*4 ADC Data Word (Low Byte) 45
0xC7 ADCOLTH ADC Less-Than Data Word (High Byte) 46
OxCE ADCOLTL? ADC Less-Than Data Word (Low Byte) 47
0xBB AMXO0SL ADC MUX Channel Selection 34
0xFO B B Register 73
0x8E CKCON Clock Control 131
0x9E CPTOCN Comparator 0 Control 55
0x9F CPT1CN Comparator 4 Control 56
0x83 DPH Data Pointer (High Byte) 71
0x82 DPL Data Pointer (Low Byte) 71
OxE6 EIE1 Extended Interrupt Enable 1 79
OxE7 EIE2 Extended Interrupt Enable 2 80
OxF6 EIP1 External Interrupt Priority 1 81
OxF7 EIP2 External Interrupt Priority 2 82
OxAF EMIOCN3 External Memory Interface Control 90
0xB7 FLACL Flash Memory Read Limit 89
0xB6 FLSCL Flash Memory Timing Prescaler 89
0xA8 IE Interrupt Enable 77
0xB8 IP Interrupt Priority Control 78
0xB2 OSCICN Internal Oscillator Control 98
0xB1 OSCXCN External Oscillator Control 99
0x80 PO Port 0 Latch 105
0x90 P1 Port 1 Latch 106
0xA0 P2 Port 2 Latch 107
0xBO P3 Port 3 Latch 108
OxF1 POMODE Port0 Digital/Analog Output Mode 106
0xF2 P1MODE Port1 Digital/Analog Output Mode 107
O0xF3 P2MODE Port2 Digital/Analog Output Mode 108
OxF4 P3MODE?2 Port3 Digital/Analog Output Mode 109
0x87 PCON Power Control 84
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Table 9.3. Special Function Registers (Continued)

SFR’s are listed in alphabetical order.

Address Register Description Page No.

0xA4 PRTOCF Port 0 Configuration 105
0xA5 PRT1CF Port 1 Configuration 106
0xA6 PRT2CF Port 2 Configuration 107
OxA7 PRT3CF Port 3 Configuration 108
OxE1 PRTOMX Port 0 Multiplexer 1/O Configuration 103
OxE2 PRT1MX Port 1 Multiplexer 1/0O Configuration 104
OxE3 PRT2MX Port 2 Multiplexer I/O Configuration 104
O0x8F PSCTL Program Store RW Control 88
0xDO PSW Program Status Word 72
0xCB RCAP2H Counter/Timer 2 Capture (High*Byte) 138
OxCA RCAP2L Counter/Timer 2 Capture (Low Byte) 138
0xD1 REFOCN Voltage Reference Control"'Register 50
OxEF RSTSRC Reset Source Register 95
0x99 SBUF Serial Data Buffer (UART) 123
0x98 SCON Serial Port Control (UART) 124
0x81 SP Stack Pointer 71
0x9A SPIOCFG SerialiPeripheral Interface Configuration 114
0x9D SPIOCKR SPI-Clock Rate 116
OxF8 SPIOCN SPI Bus Control 115
0x9B SPIODAT SPI Port 1Data 116
OxAD SWCINT Software Controlled Interrupt Register 75
0xC8 T2CON Counter/Timer 2 Control 137
0x88 TCON Counter/Timer Control 129
0x8C THO Counter/Timer 0 Data Word (High Byte) 132
0x8D TH1 Counter/Timer 1 Data Word (High Byte) 132
0xCD TH2 Counter/Timer 2 Data Word (High Byte) 138
Ox8A TLO Counter/Timer 0 Data Word (Low Byte) 132
0x8B TL1 Counter/Timer 1 Data Word (Low Byte) 132
0xCC TL2 Counter/Timer 2 Data Word (Low Byte) 138
0x89 TMOD Counter/Timer Mode 130
OxFF WDTCN Watchdog Timer Control 94

0x84—-86, 0x91-97, 0x9C, 0xA1-A3, 0xA9—

AC, OxAE, 0xB3-B5, 0xB9-BA, 0xBD- Reserved

BE;0xC0-C4, 0xC6,0xCE-CF,0xD2—-

DF,0xE9—-EE,0xF5,0xF9—-FE

Notes:

1.

C8051F230/1/6 Do not have these registers.

2. CB8051F221/231 Does not have this register (32 pin package).
3.
4. On the C8051F206 only (12-bit ADC)

On the C8051F206 and C8051F226/236 only.
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9.3.1. Register Descriptions

Following are descriptions of SFRs related to the operation of the CIP-51 System Controller. Reserved
bits should be set to logic 0. Future product versions may use these bits to implement new features in
which case the reset value of the bit will be logic 0, selecting the feature’s default state. Detailed descrip-
tions of the remaining SFRs are included in the sections of the datasheet associated with their correspond-
ing system function.

SFR Definition 9.1. SP: Stack Pointer

RIW RIW RIW RIW RIW RIW RIW RIW Resét Value
| | | | | | 00000111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0, . SFR Address:
0x81

Bits 7-0: SP: Stack Pointer.
The stack pointer holds the location of the top of the stack. The stack'pointer is incremented
before every PUSH operation. The SP register defaults to 0x07 after reset.

SFR Definition 9.2. DPL: Data Pointer Low Byte

RIW RIW RIW RIW RIW RIW RIW RIW Reset Value
| | | | | | 00000111
Bit7 Bit6 Bit5 Bit4 Bif3 Bit2 Bit1 BitO  SFRAddress:
0x81

Bits 7-0: DPL: Data Pointer Low.
The DPL register is the/low byte of the 16-bit DPTR. DPTR is used to access indirectly
addressed RAM.

SFR Definition 9.3. DPH: Data Pointer High Byte

RIW RIW RIW RIW RIW RIW RIW RIW Reset Value
| | | | | | 00000111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO  SFRAddress:
0x81

Bits 7-0: DPH: Data Pointer High.
The DPH register is the high byte of the 16-bit DPTR. DPTR is used to access indirectly
addressed RAM.
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SFR Definition 9.4. PSW: Program Status Word

R/W R/W R/W R/W R/W R/W R/W R Reset Value
cY AC | FO | RSt | RSO | OV | F1 | PARITY | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
(bit
addressable) 0xi30
Bit7: CY: Carry Flag.
This bit is set when the last arithmetic operation results in a carry (addition) or a borrow
(subtraction). It is cleared to 0 by all other arithmetic operations.
Bit6: AC: Auxiliary Carry Flag.
This bit is set when the last arithmetic operation results in a carry into_(addition) or a borrow
from (subtraction) the high order nibble. It is cleared to 0 by all other arithmetic operations.
Bit5: FO: User Flag 0.
This is a bit-addressable, general-purpose flag for use under software control.
Bits4—3: RS1-RSO0: Register Bank Select.
These bits select which register bank is used during,.register accesses.
RS1 RSO Register Bank Address
0 0 0 0x00=0x07
0 1 1 0x08-0x0F
1 0 2 0x10-0x17
1 1 3 0x18-0x1F
Note: Any instruction which changes the RS1-RS0 bits must not be immediately followed by
the “MOV Rn, A” instruction.
Bit2: OV: Overflow Flag.
This bit is set to T'under the following circumstances:
*An ADD, ABDC,or SUBB instruction causes a sign-change overflow.
*A MUL instruction results in an overflow (result is greater than 255).
*A DIV/instruction causes a divide-by-zero condition.
The-OV,bit'is cleared to 0 by the ADD, ADDC, SUBB, MUL, and DIV instructions in all other
cases.
Bitd: F1: User Flag 1.
This is a bit-addressable, general purpose flag for use under software control.
BitO: PARITY: Parity Flag.

This bit is set to 1 if the sum of the eight bits in the accumulator is odd and cleared if the sum
is even.

72

Rev. 1.7

SILICON LABS




C8051F2xx

SFR Definition 9.5. ACC: Accumulator

RIW R/W R/W R/W RIW RIW R/W RIW Reset Value
ACC.7 | ACC.6 | ACC5 | ACC4 | ACC3 | ACC2 | ACC.1 | ACC.O | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
(bit addressable) OxEO
Bits 7-0: ACC: Accumulator
This register is the accumulator for arithmetic operations.
SFR Definition 9.6. B: B Register
R/W R/W RIW RIW RIW RIW RIW R/W Reset Value
B.7 B.6 B5 | B4 | B3 | B2 | B4 |/ BO 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
(bit addressable) 0xFO

Bits 7-0: B: B Register
This register serves as a second accumulator for'certain arithmetic operations.
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9.4. Interrupt Handler

The CIP-51 includes an extended interrupt system supporting up to 22 interrupt sources with two priority
levels. The allocation of interrupt sources between on-chip peripherals and external inputs pins varies
according to the specific version of the device. Each interrupt source has one or more associated inter-
rupt-pending flag(s) located in an SFR. When a peripheral or external source meets a valid interrupt con-
dition, the associated interrupt-pending flag is set to logic 1.

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

Each interrupt source can be individually enabled or disabled through the yuse of an associated interrupt
enable bit in an SFR (IE-EIE2). However, interrupts must first be globally ‘enabled by setting the EA bit
(IE.7) to logic 1 before the individual interrupt enables are recognizedw=Setting the EA bit to logic 0 dis-
ables all interrupt sources regardless of the individual interrupt-enable settings.

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

9.4.1. MCU Interrupt Sources and Vectors

The MCU allocates 9 interrupt sources to.on-chip peripherals. Software can simulate an interrupt by set-
ting any interrupt-pending flag to logic 4. Ifiinterrupts are enabled for the flag, an interrupt request will be
generated and the CPU will vector tosthe, ISR address associated with the interrupt-pending flag. The
MCU interrupt sources, associated vector addresses, priority order and control bits are summarized in
Table 9.4. Refer to the datashéeet section associated with a particular on-chip peripheral for information
regarding valid interrupt conditions for the peripheral and the behavior of its interrupt-pending flag(s).

9.4.2. External Interrupts

The two external jinterrupt sources (/INTO and /INT1) are configurable as active-low level-sensitive or
active-low edge=sensitive inputs depending on the setting of ITO (TCON.Q) and IT1 (TCON.2). IEO
(TCON.1) and'lE1 (TCON.3) serve as the interrupt-pending flag for the /INTO and /INT1 external interrupts,
respectively. ~If an /INTO or /INT1 external interrupt is configured as edge-sensitive, the corresponding
interrupt-pending flag is automatically cleared by the hardware when the CPU vectors to the ISR. When
configuredwas level sensitive, the interrupt-pending flag follows the state of the external interrupt's input pin.
The external interrupt source must hold the input active until the interrupt request is recognized. It must
then deactivate the interrupt request before execution of the ISR completes or another interrupt request
willkbe generated.

9.4.3. Software Controlled Interrupts

The C8051F2xx family of devices features four Software Controlled Interrupts controlled by flags located in
the Software Controlled Interrupt Flag Register (SWCINT). See SFR Definition 9.7. When a logic '1' is
written to a Software-Controlled Interrupt Flag, the CIP-51 will jump to an associated interrupt service vec-
tor (see Table 9.4, “Interrupt Summary,” on page 75). These interrupt flags must be cleared by software.
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SFR Definition 9.7. SWCINT: Software Controlled Interrupt Register

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
sci3 | sci2 | scM | scl0o | - | - | - - | oooooo0o
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
O0xAD
Bit7: SCI3: Software Controlled Interrupt 3 Bit.
If enabled, writing a logic 1 to this interrupt control bit will cause the CPU to vector to the
SCI3 interrupt service routine. This bit is not cleared in hardware. It must be cleared by
software.
Bit6: SCI2: Software Controlled Interrupt 2 Bit.
If enabled, writing a logic 1 to this interrupt control bit will cause the CPU to vegtor to the
SCI2 interrupt service routine. This bit is not cleared in hardware. It must be cleared by
software.
Bit5: SCI1: Software Controlled Interrupt 1 Bit.
If enabled, writing a logic 1 to this interrupt control bit will cause the CPU to vector to the
SCI1 interrupt service routine. This bit is not cleared in hardware. It must be cleared by
software.
Bit4: SCI0: Software Controlled Interrupt O Bit.

If enabled, writing a logic 1 to this interrupt control.bit will cause the CPU to vector to the
SCIO0 interrupt service routine. This bit is not €leared in hardware. It must be cleared by

software.

Bits3—0: UNUSED. Read = 0000b, Write = don't care.

Table 9.4. Interrupt Summary

Interrupt Source Ir:;:(r::zft P(;"%r:ry Interrupt-Pending Flag Enable
Reset 0x0000 Top None Always enabled
External Interrupt O (/INTO) 0x0003 0 IEO (TCON.1) EXO (IE.O)
Timer 0 Overflow 0x000B 1 TFO (TCON.5) ETO (IE.1)
External Interrupt 1 (/INT1) 0x0013 2 IE1 (TCON.3) EX1 (IE.2)
Timer 1 Overflow 0x001B 3 TF1 (TCON.7) ET1 (IE.3)
Serial Port (UART) 0x0023 4 X ((g’gg,z‘%) ES (IE.4)
Timer 2 Overflow (or EXF2) 0x002B 5 TF2 (T2CON.7) ET2 (IE.5)
SPIF (SPIOSTA.7)
Serial\Peripheral Interface 0x0033 6 \I\//IVSI(DJII; égg:ggmg)) ESPIO (EIE1.0)
RXOVRN (SPIOCN.4)
ADCO Window Comparison 0x0043 8 ADWINT (ADCOCN.2) EWADCO (EIE1.2)
Comparator 0 Falling Edge 0x0053 10 CPOFIF (CPTOCN.4) ECPOF (EIE1.4)
Comparator 0 Rising Edge 0x005B 11 CPORIF (CPTOCN.5) ECPOR (EIE1.5)
Comparator 1 Falling Edge 0x0063 12 CP1FIF (CPT1CN.4) ECP1F (EIE1.6)
Comparator 1 Rising Edge 0x006B 13 CP1RIF (CPT1CN.5) ECP1R (EIE1.7)
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Table 9.4. Interrupt Summary (Continued)

Interrupt Source Ir:;:(r::g;r)t P(;';r:ry Interrupt-Pending Flag Enable
ADCO End of Conversion 0x007B 15 ADCINT (ADCOCN.5) EADCO (EIE2.1)
Software Controlled Interrupt 0| 0x0083 16 SCIO (SWCINT.4) ESCIO (EIE2.2)
Software Controlled Interrupt 1| 0x008B 17 SCI1 (SWCINT.5) ESCI1 (EIE2.3)
Software Controlled Interrupt 2| 0x0093 18 SCI2 (SWCINT.6) ESCI2 (EIE2.4)
Software Controlled Interrupt 3| 0x009B 19 SCI3 (SWCINT.7) ESCI3 (EIE2.5)
Unused Interrupt Location 0x00A3 20 None Reserved(EIE2.6)
External Crystal OSC Ready 0x00AB 21 XTLVLD (OSCXCN.7) EXVLD (EIE2.7)

9.4.4. Interrupt Priorities

Each interrupt source can be individually programmed to one of two priority levels:low or high. A low prior-
ity interrupt service routine can be preempted by a high priority interrupt., A high priority interrupt cannot be
preempted. Each interrupt has an associated interrupt priority bit in an SFR.(IP=EIP2) used to configure its
priority level. Low priority is the default. If two interrupts are recognized simultaneously, the interrupt with
the higher priority is serviced first. If both interrupts have the same priority level, a fixed priority order is
used to arbitrate.

9.4.5. Interrupt Latency

Interrupt response time depends on the state of the CPU when'the interrupt occurs. Pending interrupts are
sampled and priority decoded each system clock cycle. Therefore, the fastest possible response time is 5
system clock cycles: 1 clock cycle to detect the interrupt'and 4 clock cycles to complete the LCALL to the
ISR. If an interrupt is pending when a RETI is,executed, a single instruction is executed before an LCALL
is made to service the pending interrupt. Therefore, the maximum response time for an interrupt (when no
other interrupt is currently being servicedsor.the.new interrupt is of greater priority) occurs when the CPU is
performing an RETI instruction followed'by a DIV as the next instruction. In this case, the response time is
18 system clock cycles: 1 clock cycle to. detect the interrupt, 5 clock cycles to execute the RETI, 8 clock
cycles to complete the DIV instruction.and 4 clock cycles to execute the LCALL to the ISR. NOTE: If a
Flash write or erase is performed, the MCU is stalled during the operation and interrupts will not be ser-
viced until the operation is_complete. If the CPU is executing an ISR for an interrupt with equal or higher
priority, the new interrupt/willinot be serviced until the current ISR completes, including the RETI and fol-
lowing instruction.
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9.4.6. Interrupt Register Descriptions

The SFRs used to enable the interrupt sources and set their priority level are described below. Refer to
the datasheet section associated with a particular on-chip peripheral for information regarding valid inter-
rupt conditions for the peripheral and the behavior of its interrupt-pending flag(s).

SFR Definition 9.8. IE: Interrupt Enable

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
EA - | ET2 | ES | ET1 | EX1 | ET0 | EX0 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:

(bit addressable) 0xA8

Bit7: EA: Enable All Interrupts.
This bit globally enables/disables all interrupts. It overrides the individual.interrupt mask set-
tings.

0: Disable all interrupt sources.
1: Enable each interrupt according to its individual mask.setting.

Bit6: UNUSED. Read = 0, Write = don't care.

Bit5: ET2: Enable Timer 2 Interrupt.
This bit sets the masking of the Timer 2 interrupt.
0: Disable all Timer 2 interrupts.
1: Enable interrupt requests generated by the TF2 flag (T2CON.7)

Bit4: ES: Enable Serial Port (UART) Interrupt.
This bit sets the masking of the Serial'Port (UART) interrupt.
0: Disable all UART interrupts.
1: Enable interrupt requests generated by the R1 flag (SCON.0) or T1 flag (SCON.1).

Bit3: ET1: Enable Timer 1 Interrupt.
This bit sets the masking of the Timer 1 interrupt.
0: Disable all Timer 4,interrupts.
1: Enable intefruptirequests generated by the TF1 flag (TCON.7).

Bit2: EX1: Enable External Interrupt 1.
This bit sets the masking of external interrupt 1.
0: /Disable external interrupt 1.
1. "Enable interrupt requests generated by the /INT1 pin.

Bit1: ETO: Enable Timer O Interrupt.
This bit sets the masking of the Timer 0 interrupt.
0: Disable all Timer 0 interrupts.
1: Enable interrupt requests generated by the TFO flag (TCON.5).

Bit0: EXO0: Enable External Interrupt 0.
This bit sets the masking of external interrupt 0.
0: Disable external interrupt 0.
1: Enable interrupt requests generated by the /INTO pin.
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SFR Definition 9.9. IP: Interrupt Priority

R/W

R/wW R/wW R/wW R/wW R/wW R/wW R/wW Reset Value

- | P2 [ Ps | PT1 | PX1 [ PTO | PXO | 00000000

Bit7

Bit5:

Bit4:

Bit3:

Bit2:

Bit1:

BitO:

Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
(bit addressable) 0xB8

Bits7—-6: UNUSED. Read = 00b, Write = don't care.

PT2 Timer 2 Interrupt Priority Control.

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

1: Timer 2 interrupts set to high priority level.

PS: Serial Port (UART) Interrupt Priority Control.

This bit sets the priority of the Serial Port (UART) interrupts.
0: UART interrupts set to low priority level.

1: UART interrupts set to high priority level.

PT1: Timer 1 Interrupt Priority Control.

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

1: Timer 1 interrupts set to high priority level.

PX1: External Interrupt 1 Priority Control.

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

1: External Interrupt 1 set to high priority level.

PTO: Timer O Interrupt Priority Control.

This bit sets the priority/of.the Timer 0 interrupts.
0: Timer 0O interruptssset todow priority level.

1: Timer O interrupt set'to high priority level.

PXO0: External Interrupt O Priority Control.

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

1: External Interrupt O set to high priority level.
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SFR Definition 9.10. EIE1: Extended Interrupt Enable 1

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
ECP1R | ECP1F | ECPOR | ECPOF | -  |EWADCO| - | ESPIO | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
OxE6
Bit7: ECP1R: Enable Comparator 1 (CP1) Rising Edge Interrupt.

This bit sets the masking of the CP1 interrupt.
0: Disable CP1 Rising Edge interrupt.
1: Enable interrupt requests generated by the CP1RIF flag (CPT1CN.3).

Bit6: ECP1F: Enable Comparator 1 (CP1) Falling Edge Interrupt.
This bit sets the masking of the CP1 interrupt.
0: Disable CP1 Falling Edge interrupt.
1: Enable interrupt requests generated by the CP1FIF flag (CPT1CN.4).

Bit5: ECPOR: Enable Comparator 0 (CPO) Rising Edge Interrapt:
This bit sets the masking of the CPO interrupt.
0: Disable CPO Rising Edge interrupt.
1: Enable interrupt requests generated by the CPORIF\flag (CPTOCN.3).

Bit4: ECPOF: Enable Comparator 0 (CPO0) Falling Edge Interrupt.
This bit sets the masking of the CPO interrupt.
0: Disable CPO Falling Edge interrupt.
1: Enable interrupt requests generated:by:the CPOFIF flag (CPTOCN.4).

Bit3: Reserved. Read = 0, Write = don't care.

Bit2: EWADCO: Enable Window Comparison ADCO Interrupt.
This bit sets the masking of ADCO window compare interrupt.
0: Disable ADCO Window.Comparison Interrupt.
1: Enable Interrupt requests generated by ADCO Window Comparisons.

Bit1: Reserved. Read\=0, Write = don't care.

Bit0: ESPI0sEnable Serial Peripheral Interface 0 Interrupt.
This.bit sets the masking of SPIO interrupt.
0:(Disable all SPI0 interrupts.

13 Enable Interrupt requests generated by SPIO.
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SFR Definition 9.11. EIE2: Extended Interrupt Enable 2

R/W RIW R/W RIW RIW RIW R/W RIW Reset Value
EXVLD [ - | ESCI3 | ESCI2 | ESCI1 | ESCI0O | EADCO | - | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
OxE7
Bit7: EXVLD: Enable External Clock Source Valid (XTLVLD) Interrupt.

This bit sets the masking of the XTLVLD interrupt.
0: Disable all XTLVLD interrupts.
1: Enable interrupt requests generated by the XTLVLD flag (OSCXCN.7)

Bit6: Reserved. Must write 0. Reads 0.

Bit5: ESCI3: Enable Software Controlled Interrupt 3.
This bit sets the masking of Software Controlled Interrupt 3.
0: Disable Software Controlled Interrupt 3.
1: Enable interrupt requests generated setting the Software.Controlled Interrupt Bit 3.

Bit4: ESCI2: Enable Software Controlled Interrupt 2.
This bit sets the masking of Software Controlled Interrupt 2.
0: Disable Software Controlled Interrupt 2.
1: Enable interrupt requests generated setting the Software Controlled Interrupt Bit 2.

Bit3: ESCI1: Enable Software Controlled Interrupti.
This bit sets the masking of Software’Controlled Interrupt 1.
0: Disable Software Controlled Interrupt 1.
1: Enable interrupt requests generated setting the Software Controlled Interrupt Bit 1.

Bit2: ESCI0: Enable Software Controlled Interrupt O.
This bit sets the masking of Software Controlled Interrupt O.
0: Disable Software-Controlled Interrupt O.
1: Enable interruptrequests generated setting the Software Controlled Interrupt Bit 0.

Bit1: EADCO: Enable ADCO End of Conversion Interrupt.
This bit sets the masking of the ADCO End of Conversion Interrupt.
0: Disable ADCO Conversion Interrupt.
1: Enable interrupt requests generated by the ADCO Conversion Interrupt.

BitO: Reserved. Read = 0, Write = don't care.
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SFR Definition 9.12. EIP1: Extended Interrupt Priority 1

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
PCP1IR | PCP1F | PCPOR | PCPOF | -  |PWADCO| - [ PSPIO | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
OxF6
Bit7: PCP1R: Comparator 1 (CP1) Rising Interrupt Priority Control.
This bit sets the priority of the CP1 interrupt.
0: CP1 rising interrupt set to low priority level.
1: CP1 rising interrupt set to high priority level.
Bit6: PCP1F: Comparator 1 (CP1) Falling Interrupt Priority Control.
This bit sets the priority of the CP1 interrupt.
0: CP1 falling interrupt set to low priority level.
1: CP1 falling interrupt set to high priority level.
Bit5: PCPOR: Comparator 0 (CPO) Rising Interrupt Priority Control.
This bit sets the priority of the CPO interrupt.
0: CPO rising interrupt set to low priority level.
1: CPO rising interrupt set to high priority level.
Bit4: PCPOF: Comparator 0 (CPO) Falling Interrupt Priority Control.
This bit sets the priority of the CPO interrupt.
0: CPO falling interrupt set to low priority level,
1: CPO falling interrupt set to high priority level.
Bit3: Reserved. Read = 0, Write = don't care.
Bit2: PWADCO: Analog-to-Digital Converter 0 window compare (ADCO) Interrupt Priority Control.
This bit sets the priority/of the ADCO window compare interrupt.
0: ADCO window compare.interrupt set to low priority level.
1: ADCO window,compare interrupt set to high priority level.
Bit1: UNUSED. Read\= 0, Write = don't care.
Bit0: PSPI0:Serial,Peripheral Interface 0 Interrupt Priority Control.

This.bit sets the priority of the SPIO interrupt.
0:(SPIQ interrupt set to low priority level.
13 SPIO interrupt set to high priority level.
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SFR Definition 9.13. EIP2: Extended Interrupt Priority 2

R/wW

R/wW R/W R/wW R/wW R/wW R/wW

R/wW

Reset Value

PXVLD | - | PSCI3 | PSCI2 | PSCI1 | PSCI0O | PADCO

| 00000000

Bit7

Bit7:

Bit6:

Bit5:

Bit4:

Bit3:

Bit2:

Bit1:

BitO:

Bit6 Bit5 Bit4 Bit3 Bit2 Bit1

PXVLD: External Clock Source Valid (XTLVLD) Interrupt Priority Control.
This bit sets the priority of the XTLVLD interrupt.

0: XTLVLD interrupt set to low priority level.

1: XTLVLD interrupt set to high priority level.

Reserved. Must write 0. Reads 0.

PSCI3: Software Controlled Interrupt 3 Priority Control.

This bit sets the priority of the Software Controlled Interrupt 3.
0: External Interrupt 7 set to low priority level.

1: External Interrupt 7 set to high priority level.

PSCI2: Software Controlled Interrupt 2 Priority Control.

This bit sets the priority of the Software Controlled.Interrupt 2.
0: Software Controlled Interrupt 2 set to low priority level.

1: Software Controlled Interrupt 2 set to high priority level.

PSCI1: Software Controlled Interrupt 1 Priority, Control.

This bit sets the priority of the Software:Controlled Interrupt 1.
0: Software Controlled Interrupt 1, set‘to low priority level.

1: Software Controlled Interrupt 1 set to high priority level.

PSCIO0: Software Controlled Interrupt O Priority Control.

This bit sets the priority/of the Software Controlled Interrupt O.
0: Software Controlled Interrupt O set to low priority level.

1: Software Controlled Interrupt O set to high priority level.

PADCO: ADC End of Conversion Interrupt Priority Control.

This bit sets the priority of the ADCO End of Conversion Interrupt.
0: ADCOEnd, of Conversion interrupt set to low priority level.

1: ADCO End of Conversion interrupt set to high priority level.

Reserved. Read = 0, Write = don't care.

Bit0

SFR Address:
OxF7
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9.5. Power Management Modes

The CIP-51 core has two software programmable power management modes: Idle and Stop. Idle mode
halts the CPU while leaving the external peripherals and internal clocks active. In Stop mode, the CPU is
halted, all interrupts and timers (except the Missing Clock Detector) are inactive, and the system clock is
stopped. Since clocks are running in Idle mode, power consumption is dependent upon the system clock
frequency and the number of peripherals left in active mode before entering Idle. Stop mode consumes
the least power. SFR Definition 9.14 describes the Power Control Register (PCON) used to control the
CIP-51’s power management modes.

Although the CIP-51 has Idle and Stop modes built in (as with any standard 8051 architecture); power
management of the entire MCU is better accomplished by enabling/disabling individual peripherals as
needed. Each analog peripheral can be disabled when not in use and put into low power mode. Turning
off the active oscillator saves even more power, but requires a reset to restart the MCU.

9.5.1. Idle Mode

Setting the Idle Mode Select bit (PCON.0) causes the CIP-51 to halt the«€PU. and enter Idle mode as soon
as the instruction that sets the bit completes. All internal registers.and “memory maintain their original
data. All analog and digital peripherals can remain active during Idle mode.

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

Note: If the instruction following the write of the IDLE bit is a single-byte instruction and an interrupt occurs
during the execution phase of the instruction‘that sets the IDLE bit, the CPU may not wake from Idle mode
when a future interrupt occurs. Any instructions that set the IDLE bit should be followed by an instruction
that has 2 or more op-code bytes, forexample:

/l'in ‘C”:

PCON |= 0x01; 1l setiDLE bit

PCON = PCON; I - followed by a 3-cycle dummy instruction
; in assembly:

ORL PCON, #01h ; set IDLE bit

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

If enabled, the WDT will eventually cause an internal watchdog reset and thereby terminate the Idle mode.
This feature protects the system from an unintended permanent shutdown in the event of an inadvertent
writeito the PCON register. If this behavior is not desired, the WDT may be disabled by software prior to
entering the Idle mode if the WDT was initially configured to allow this operation. This provides the oppor-
tunity for additional power savings, allowing the system to remain in the Idle mode indefinitely, waiting for
an external stimulus to wake up the system. Refer to Section 12.7 Watchdog Timer for more information
on the use and configuration of the WDT.

9.5.2. Stop Mode

Setting the Stop Mode Select bit (PCON.1) causes the CIP-51 to enter Stop mode as soon as the instruc-
tion that sets the bit completes. In Stop mode, the CPU and oscillators are stopped, effectively shutting
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down all digital peripherals. Each analog peripheral must be shut down individually prior to entering Stop
Mode. Stop mode can only be terminated by an internal or external reset. On reset, the CIP-51 performs
the normal reset sequence and begins program execution at address 0x0000.

If enabled, the Missing Clock Detector will cause an internal reset and thereby terminate the Stop mode.

The Missing Clock Detector should be disabled if the CPU is to be put to sleep for longer than the MCD
timeout of 100usec.

SFR Definition 9.14. PCON: Power Control Register

R/W R/W R/W R/W R/W R/W R/W R/W Reset'Value
SMOD | GF4 | GF3 | GF2 | GF1 | GF0O | STOP | IDLE | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0x87

Bit7: SMOD: Serial Port Baud Rate Doubler Enable.
0: Serial Port baud rate is that defined by Serial Port Mode im,\SCON.
1: Serial Port baud rate is double that defined by Serial Port.Mode in SCON.

Bits6—2: GF4-GFO0: General Purpose Flags 4-0.
These are general purpose flags for use under software control.

Bit1: STOP: Stop Mode Select.
Setting this bit will place the CIP-51 in Stop.mode.” This bit will always be read as 0.
1: Goes into power down mode. (Turns off internal oscillator).

BitO: IDLE: Idle Mode Select.
Setting this bit will place the CIR-51%in Idle mode. This bit will always be read as 0.
1: Goes into idle mode. (Shuts off.clock to CPU, but clock to Timers, Interrupts, Serial
Ports, and Analog Peripherals are still active.)
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10. Flash Memory

This MCU includes 8 k + 128 bytes of on-chip, re-programmable Flash memory for program code and non-
volatile data storage. The Flash memory can be programmed in-system, a single byte at a time, through
the JTAG interface or by software using the MOVX instruction. Once cleared to 0, a Flash bit must be
erased to set it back to 1. The bytes would typically be erased (set to OxFF) before being reprogrammed.
The write and erase operations are automatically timed by hardware for proper execution. Data polling'to
determine the end of the write/erase operation is not required. The Flash memory is designed to withstand
at least 20,000 write/erase cycles. Refer to Table 10.1 for the electrical characteristics of the Flash mem-
ory.

10.1. Programming The Flash Memory

The simplest means of programming the Flash memory is through the JTAG interface using programming
tools provided by Silicon Labs or a third party vendor. This is the only means for. programming a non-ini-
tialized device. For details on the JTAG commands to program Flash memory,.see Section 18.1.

The Flash memory can be programmed by software using the MOVX instruction with the address and data
byte to be programmed provided as normal operands. Before writingite.Elash memory using MOVX, flash
write operations must be enabled by setting the PSWE Program Store Write Enable bit (PSCTL.0) to logic
1. Writing to Flash remains enabled until the PSWE bit is cleared by software.

To ensure the contents of the Flash contents, it is strongly recommended that the on-chip Vpp monitor be

enabled (by tieing the MONEN pin 'high') in any application\that'writes and/or erases Flash memory from
software.

Writes to Flash memory can clear bits but cannot’set them. Only an erase operation can set bits in Flash.
The byte location to be programmed must be erased before a new value can be written. The 8kbyte Flash
memory is organized in 512-byte sectors. The erase operation applies to an entire sector (setting all bytes
in the sector to OxFF). Setting the PSEE‘Program Store Erase Enable bit (PSCTL.1) and PSWE Program
Store Write Enable bit (PSCTL.0) to logic,1 and then using the MOVX command to write a data byte to any
byte location within the sector will érase an entire 512-byte sector. The data byte written can be of any
value because it is not actually written.to the Flash. Flash erasure remains enabled until the PSEE bit is
cleared by software. The following sequence illustrates the algorithm for programming the Flash memory
by software:

Disable interrupts.

Enable’FlashyMemory write/erase in FLSCL Register using FLASCL bits.

Set.RSEE (PSCTL.1) to enable Flash sector erase.

Set PSWE (PSCTL.0) to enable Flash writes.

Use MOVX to write a data byte to any location within the 512-byte sector to be erased.

Clear PSEE to disable Flash sector erase.

Use MOVX to write a data byte to the desired byte location within the erased 512-byte sector.
Repeat until finished. (Any number of bytes can be written from a single byte to and entire
sector.)

8. Clear the PSWE bit to disable Flash writes.

Nookrown-=

Write/Erase timing is automatically controlled by hardware based on the prescaler value held in the Flash
Memory Timing Prescaler register (FLSCL). The 4-bit prescaler value FLASCL determines the time inter-
val for write/erase operations. The FLASCL value required for a given system clock is shown in SFR Defi-
nition 10.2, along with the formula used to derive the FLASCL values. When FLASCL is set to 1111b, the
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write/erase operations are disabled. Note that code execution in the 8051 is stalled while the Flash is
being programmed or erased.

Table 10.1. Flash Memory Electrical Characteristics
Vpp = 2.7 t0 3.6 V, —40 to +85 xC unless otherwise specified.

Parameter Conditions Min Typ Max Units
Endurance 20k 100 k — Erase/Wir
Erase/Write Cycle Time — 10 — ms

Non-volatile Data Storage

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

The MCU incorporates an additional 128-byte sector of Flash memory located at 0x2000 — 0x207F. This
sector can be used for program code or data storage. However, its smallersector size makes it particularly
well suited as general purpose, non-volatile scratchpad memory. Even‘though Flash memory can be writ-
ten a single byte at a time, an entire sector must be erased first. In orderto change a single byte of a multi-
byte data set, the data must be moved to temporary storage. {Next, the sector is erased, the data set
updated and the data set returned to the original sector. The 128-byte sector-size facilitates updating data
without wasting program memory space by allowing the usesof.internal data RAM for temporary storage. (A
normal 512-byte sector is too large to be stored in the 256-byte internal data memory.)

10.2. Security Options

The CIP-51 provides security options to protect'the Flash memory from inadvertent modification by soft-
ware as well as prevent the viewing of proprietary program code and constants. The Program Store Write
Enable (PSCTL.0) and the Program Store,Erase Enable (PSCTL.1) bits protect the Flash memory from
accidental modification by software. These bits must be explicitly set to logic 1 before software can modify
the Flash memory. Additional security features prevent proprietary program code and data constants from
being read or altered across the JTAG.interface or by software running on the system controller.

A set of security lock bytes storediat 0Ox1DFE and O0x1DFF protect the Flash program memory from being
read or altered across the JTAG'interface. Each bit in a security lock-byte protects one 1 kB block of mem-
ory. Clearing a bit to logic'0 in a Read lock byte prevents the corresponding block of Flash memory from
being read across theyJTAG interface. Clearing a bit in the Write/Erase lock byte protects the block from
JTAG erasures_and/or/writes. The Read lock byte is at location Ox1DFF. The Write/Erase lock byte is
located at 0x1DFE« Figure 10.1 shows the location and bit definitions of the security bytes. The 512-byte
se