Silicon Labs - C80 630-GMR Datasheet

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,

Details

Product Status

Core Processor

Core Size

Speed

Connectivity
Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

range of applications.

rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide

Applications of "Embedded -

Microcontrollers"

Last Time Buy

8051

8-Bit

25MHz

SMBus (2-Wire/I2C), SPI, UART/USART
POR, PWM, Temp Sensor, WDT
17

8KB (8K x 8)

oTP

768 x 8

1.8V ~ 3.6V

Internal

-40°C ~ 85°C (TA)

Surface Mount

20-VFQFN Exposed Pad
20-QFN (4x4)

Purchase URL https://www.e-xfl.com/product-detail/silicon-labs/c8051t630-gmr

Email: info@E-XFL.COM

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/c8051t630-gmr-4405836
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

C8051T630/1/2/3/4/5

20.3. Priority CroSShar DECOUET ........uuuuiiiiiiiiiiiiieeeeeee e 114
20.4. POrt 1/O INITIANZALION ...ttt 116
20.5. POIt IMAECR ... 118
20.6. Special Function Registers for Accessing and Configuring Port I/O ............. 121
20, SMBUS ...utttttitttitiie ettt et e e e e e e e e e e e e e e e e e e e e bbbttt ettt e e e aaeeaeaaaaeaa e e rbparreeeees 127
21.1. SUPPOItING DOCUMENES ....uuiiiieieie ettt e e e 128
21.2. SMBUS CONfIQUIATION. ...ttt e e e e eeeeeeeeas 128
21.3. SMBUS OPEIAtION ...cceveveiiiiiiiiiee e e e e e e e e e et e e e e e e e e e e e e e e e e e e aaaaee s 128
21.3.1. TranSMItter VS. RECEIVEN ......uu it e e eeeeeeaeaees 129
P20 R T N o1 = 11 o o PP 129
21.3.3. ClOCK LOW EXIENSION .....uttiiiiiiiiiiieiieiteeeeeeeeaaaeasssssssivaseesaeeeeeeeeeeaeaeeeeeas 129
21.3.4. SCL LOW TIMEOUL.....ceeeiiiiiiiiiiiiee e e e e e e ee e e e e ettt s s e e e e e e e e e e e eeeeeneesnnnnes 129
21.3.5. SCL High (SMBuUS Free) TIMEOUL ..........ccoeoiiiiiiiiiiiiiiiiieieeeeeeeeeee e 130
21.4. USING the SIMBUS......coeiiiiiiiee et e e e e e e e e s 130
21.4.1. SMBus Configuration ReQISter.........cccoiiiiiiiiiiiiiiiiiiie e 130
21.4.2. SMBOCN CONrol REGISTEN ....uveeeiiiiiiiieeieeeee e 134
21.4.2.1. Software ACK GENEratioN ..........cceeeeeiiiiiiiiiiiiiiiiiieeeeeeeeeeaee e 134
21.4.2.2. Hardware ACK GEeNEration ........cccouveeeeeeeiiiiiiiiiieiiiiiiiee e 134
21.4.3. Hardware Slave Address Recognition .............cccoccuiviiiiiiiiieiiieiieeeeeeeenn 136
21.4.4. DAta REQISIEN .....ccceiiieeeeeee et e e e e e e e e e e e 139
21.5. SMBUS TransSfer MOUES.......cooiiiiie e 140
21.5.1. Write SEqQUENCE (IMASTEN) ....uviiiiiiiiiiiieeeee e 140
21.5.2. Read SequeNnCe (MASLEN) .....uuuiiiiiieeee e e e e e e e e e e e e e e eeeeeeaaeens 141
21.5.3. Write SeqUENCE (SIAVE) ......uuuuiiiiiiiii e 142
21.5.4. Read SEQUENCE (SIAVE) ....uuiriiiiiiiiiiiiiieee e 143
21.6. SMBUS Status DECOAING.....uuiiiiieiie e 143
P2 0 7N I TP PPPPPP 148
22.1. Enhanced Baud Rate Generation................uuuuuueiiiiiiiineeeeeeeeeeeeeeeeiieesnns 149
22.2. Operational MOAES ..........uuuiiiiii i e e e e e 150
22.2.0. 8-BIit UART ..ottt e e e e eaa e e e e e aaeeas 150
22.2.2. O-BIit UART ..t e e e e e a e aaaaaaaaaaas 151
22.3. Multiprocessor COmMmMUNICALIONS ...........ccovviiuiiiiiiiiieiieee e e eeee e e e 152
23. Enhanced Serial Peripheral Interface (SPI0) ........cooooiiiiiiiiiiiiiiccie e 156
23.1. SigNal DESCIIPLIONS.....cciiiieiiittie ettt e e e e e e e e e eeeeeas 157
23.1.1. Master Out, Slave IN (MOSI).....cccoooieiieiiieeeeee e, 157
23.1.2. Master In, Slave Out (MISO)......ccooiiiiiiiiiieeeee s 157
23.1.3. Serial ClOCK (SCK) ...uuuuiiiiiiiiiiiieiieiee e e 157
23.1.4. Slave SeleCt (NSS) ....oouveiiiiiiiiiie et e e e e e e e e 157
23.2. SPI0 Master Mode OpPeration ..........coouiiiiiiiiiiiiiiiaae e ee e eeeeeeeee s 158
23.3. SPI0 Slave Mode OPeratioN ..........cccuvviiiiiieeiiiiiciieee e e e e e e e e e e e e eeeeaene s 159
23.4. SPIO INTEITUPL SOUICES ...ovviiiiiie ittt e e e et e et e e eaa e eee 160
23.5. Serial Clock Phase and Polarity ..........coouveiiiiiiiiiiieee 160
23.6. SPI Special FUNCLioN REQISIEIS .......ccoviiiieeeeeece e 162
P 1o =T PR 169
24. 1. TIMEr 0 @and TIMEE L ..ot e e e e e e e e e e e e e eane s 171
) Rev. 1.0 5

SILICON LABS



C8051T630/1/2/3/4/5

24.1.1. Mode 0: 13-bit COUNtEITTIMEN ...ccciie e e e eeeeeeaeeees 171
24.1.2. Mode 1: 16-bit COUNENTIME ....ccvvviiiiiiiiiiiie e 172
24.1.3. Mode 2: 8-bit Counter/Timer with Auto-Reload..............cccoeeeiiviiiiinninins 173
24.1.4. Mode 3: Two 8-bit Counter/Timers (Timer 0 ONnly).........cccveveevevviiineennnn. 174

P N1 01T P PPPPPRP 179
24.2.1. 16-bit Timer with Auto-Reload.............ooooiiiiiiiiici i, 179
24.2.2. 8-bit Timers with Auto-Reload.............coovviviiiiiiiiiiii e 180
24.2.3. Low-Frequency Oscillator (LFO) Capture Mode ..........cceeeeeeeeevivivinnnnnn, 181

P T I 01T G SRR 185
24.3.1. 16-bit Timer with Auto-Reload............coooviiiiiiiiiiii s 185
24.3.2. 8-bit Timers with Auto-Reload............ccooeeiiiiiiiiiiie e 186
24.3.3. Low-Frequency Oscillator (LFO) Capture Mode ..........coeeeeeiiiiiiiiiieinnnns 187

25. Programmable COUNTEr ATTAY ......ccoiiiiiiiiiiiiiiiie ettt e e e e 191
25.1. PCA COUNTEITTIMEN .ottt ettt e e e e e e e e e e s s s s s eeeeaaaeaeeeeas 192
25.2. PCAOD INtEITUPL SOUICES. .....unieiieiiie e eee ettt e e e e e e e et e e e e ernna e 193
25.3. Capture/Compare MOAUIES .............euuiiiiiiiiiiiiiiiee e 194
25.3.1. Edge-triggered Capture MOde...........cccoviiiriiiiiiiiieiiee e 195
25.3.2. Software Timer (Compare) Mode...........cooviiiiiiiiiiiiiiiee e 196
25.3.3. High-Speed OUPUE MOUE ......ceiiiiiiiiieeeieee e 197
25.3.4. Frequency OULPUL MOE ........cviiiiiiieieciiceeeeeeeecie e e 198
25.3.5. 8-bit, 9-bit, 10-bit and 11-bit Pulse Width Modulator Modes................. 198
25.3.5.1. 8-bit Pulse Width Modulator Mode..............coouvviiiiiiiiiiiieieeeeeeee 199

25.3.5.2. 9/10/11-bit Pulse Width Modulator Mode.............cccuvveveeiiiiiinnnnnnn. 200

25.3.6. 16-Bit Pulse Width Modulator Mode................uuueiiiiiiiiniieeeeieeeeeeieeiiiiee 201

25.4. Watchdog TimMer MOUE ...ttt e as 202
25.4.1. Watchdog Timer OPeration .........cccceeeeeeieieeeeieiiicie e e e e e e e e e e e eeeeaaeannnns 202
25.4.2. Watchdog TIMEr USAQE ......uuuuuiiiieeeeaeeieeeeeeeiiiiiiiiiaas e e e s e e e e e e e eeeeeeeeesnnees 203

25.5. Register Descriptions fOr PCAD........uuiiiiiiiiiieeeeeeeee e 204
26. C2 INTEITACE ...ttt e e e e e e 210
26.1. C2 INterfaCe REQISIEIS. . ... i 210
26.2. C2 PiN SNATNG «.ooieiiiiiiiiee et e e e e e e eas 217
Document Change LiSt......ooooiiiiiiiiiiiiie e 218
CoNtaCt INTOIMAION ....oeiiieeiiie et e e e e e e e 220
6 Rev. 1.0 )

SILICON LABS



C8051T630/1/2/3/4/5

List of Registers

SFR Definition 6.1. ADCOCF: ADCO Configuration ............coeueuuiuuiimmiiiiinneeeeeeeeeeeeeeeeeenns 37
SFR Definition 6.2. ADCOH: ADCO Data Word MSB ...........ooovviiiiiiiiiiiieieeeeeeeeeeeeeeeiienns 38
SFR Definition 6.3. ADCOL: ADCO Data WOrd LSB ........cccuuviieiiiiiiiiiiiiiiiiiieeeeeeee 38
SFR Definition 6.4. ADCOCN: ADCO CONLIOI ....uuiiiiiiieieeiiieieeeeeeiiiiii e eeeeeeees 39
SFR Definition 6.5. ADCOGTH: ADCO Greater-Than Data High Byte ............cccccveeeeee. 40
SFR Definition 6.6. ADCOGTL: ADCO Greater-Than Data Low Byte ................oeeeee. 40
SFR Definition 6.7. ADCOLTH: ADCO Less-Than Data High Byte .............ccceevvvvvvieinnns 41
SFR Definition 6.8. ADCOLTL: ADCO Less-Than Data Low Byte ............ccccvvvvviieieennen. 41
SFR Definition 6.9. AMXOP: AMUXO Positive Channel Select ..........ccccvvveiviiiiiiinnnnnnn. 44
SFR Definition 7.1. TOFFH: Temperature Offset Measurement High Byte .................. 47
SFR Definition 7.2. TOFFL: Temperature Offset Measurement Low Byte ................... 47
SFR Definition 8.1. IDAOCN: IDAO CONIOl .....ccovviiiiiiiiiiiiiiiieccceeeeeeee e 50
SFR Definition 8.2. IDAOH: IDAO Data Word MSB .........ccooiiiiiiiiiiiiieee e 51
SFR Definition 8.3. IDAOL: IDAQ Data WOrd LSB .........ccooiiiiiiiiiiiiiiiiie e 51
SFR Definition 9.1. REFOCN: Reference Control ..............oooviiiiiiiiiiiiiiiiiiiiiiccce e 54
SFR Definition 10.1. REGOCN: Voltage Regulator Control ..........ccccoovveiiiiiiiiiiiiiiieiiinns 56
SFR Definition 11.1. CPTOCN: ComparatorO Control ...........ccccceevvviiiiiniciiiiiiiiiiieeeeee 59
SFR Definition 11.2. CPTOMD: ComparatorO Mode Selection ............ccccceeeeieiiiieeeeennn. 60
SFR Definition 11.3. CPTOMX: Comparator0O MUX Selection ..........cccccceeeeieeiiiiiiieninnns 62
SFR Definition 12.1. DPL: Data Pointer LOW BYte ... 69
SFR Definition 12.2. DPH: Data Pointer High Byte .........ccccoooiiiiiiiiiiiiceeeee e 69
SFR Definition 12.3. SP: Stack POINTET .......uiuiiiiiiiiieieee e 70
SFR Definition 12.4. ACC: ACCUMUIALON .....uuuiiiiiiiieee e eeeeeeeeeeeeiiiiiirse s e e e e e e e eeeeeeeeeeeeees 70
SFR Definition 12.5. B: B REQISIEN .....cccoiiiiieeeeeeii st 70
SFR Definition 12.6. PSW: Program Status Word ............coooeiiiiiiiiiiiniieee e 71
SFR Definition 13.1. EMIOCN: External Memory Interface Control ..............cccccvvvveeeeee. 75
SFR Definition 15.1. IE: Interrupt Enable ... 83
SFR Definition 15.2. IP: INterrupt PrIOMItY ........eeiiiiiiie e 84
SFR Definition 15.3. EIE1: Extended Interrupt Enable 1 .........ccccooiiiiiiiiiiiiiieeeeee 85
SFR Definition 15.4. EIP1: Extended Interrupt Priority 1 ........ccoovriiiiiiiiiiiiiiiiiee e, 86
SFR Definition 15.5. ITOLCF: INTO/INT1 Configuration .............uuueeeeiiiinneeeeeeeeeeeeeeeieenns 88
SFR Definition 17.1. PCON: POWEr CONrOl .......oiiiiiiiieeiiiiiieeeeeiiiies e eee e 94
SFR Definition 18.1. VDMOCN: VDD Monitor Control ...........ccccccvivviiiiiiiiiiiiiiiiieeeeeeeennn 98
SFR Definition 18.2. RSTSRC: RESEt SOUICE ......uiiiiiiiiiiiiiiiiieiieeeii e 100
SFR Definition 19.1. CLKSEL: CIOCK SEIECE .......uuiiiiiiiiieiieiiiieeeeeeeicnn e 102
SFR Definition 19.2. OSCICL: Internal H-F Oscillator Calibration .............cccccccceeeen.n. 103
SFR Definition 19.3. OSCICN: Internal H-F Oscillator Control ............cccooeeviiiiiiinnnn. 104
SFR Definition 19.4. OSCLCN: Internal L-F Oscillator Control ...........ccccoeevviieeeeennnn.n. 105
SFR Definition 19.5. OSCXCN: External Oscillator Control ............ccccvvvveiieieeeiiniennnn. 107
SFR Definition 20.1. XBRO: Port I/O Crossbar Register O ..........coouvviiiiiiiiiiinneeeeeeeeeenn. 117
SFR Definition 20.2. XBR1: Port I/O Crossbar Register 1 .........ooouvvvvviiiiiiieieeeeeeeeenn, 118
SFR Definition 20.3. POMASK: Port 0 Mask RegISter ..........ccoovvivriiiiiiiiiiiiiieeee e 119
SFR Definition 20.4. POMAT: Port 0 Match Register ... 119

) Rev. 1.0 12

SILICON LABS



C8051T630/1/2/3/4/5

S'0d

¥'0d

ATOLX3
/€0d

ddA/¢’0d

1°0d

P0.6/
CNVSTR
PO.7
P1.0
P1.1
P1.2

NEE RSN
AR A A A A A S I Al
oT ;i P 0T
............ ! Lo i Tomeeeeeess
' ~~ H
: < :
............ o X P erenanees
LT ." : % W R 6
m g0 Al
8T | Q= zi{ 8
llllllllllll : 6 o G ! [ Y —
' — O :
G o " Tarn
P Lo il
uuuuuuuuuuuu H (@) 1 Meccceneaads
m 0 “
............ o O : P
0Z ™ P9
. il ford dodd isrd fod

PO.0

GND

VDD
RST/C2CK
P2.0/C2D

€1d

v'1d

9'1d

9'1d

L1d

Figure 3.1. QFN-20 Pinout Diagram (Top View)

20

Rev. 1.0

SILICON LABS



C8051T630/1/2/3/4/5

5.3. Typical Performance Curves
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Figure 5.1. Normal Mode Digital Supply Current vs. Frequency (MPCE = 1)
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6. 10-Bit ADC (ADCO, C8051T630/2/4 only)

ADCO on the C8051T630/2/4 is a 500 ksps, 10-bit successive-approximation-register (SAR) ADC with
integrated track-and-hold, a gain stage programmable to 1x or 0.5x, and a programmable window detector.
The ADC is fully configurable under software control via Special Function Registers. The ADC may be con-
figured to measure various different signals using the analog multiplexer described in Section “6.5. ADCO
Analog Multiplexer (C8051T630/2/4 only)” on page 43. The voltage reference for the ADC is selected as
described in Section “9. Voltage Reference Options” on page 52. The ADCO subsystem is enabled only
when the ADOEN bit in the ADCO Control register (ADCOCN) is set to logic 1. The ADCO subsystem is in
low power shutdown when this bit is logic 0.

ADCOCN
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<< <2< <<
A 4 T
VDD Start 000 —— ADOBUSY (W)
ar .
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Figure 6.1. ADCO Functional Block Diagram
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SFR Definition 6.9. AMX0P: AMUXO Positive Channel Select

Bit 7 6 4 2 0
Name AMXO0P[4:0]
Type R R RIW
Reset 0 0 1 1 1

SFR Address = 0xBB

Bit Name
75 Unused |Unused. Read = 000b; Write = Don't Care.
4:0 | AMXOP[4:0] | AMUXO Positive Input Selection.
00000: P0O.0
00001: PO.1
00010: P0.2
00011: P0.3
00100: PO.4
00101: P0.5
00110: P0.6
00111: PO.7
01000: P1.0
01001: P1.1
01010: P1.2
01011: P1.3
01100: P1.4
01101: P1.5
01110: P1.6
01111: P1.7
10000: Temp Sensor
10001: Vpop
10010 — 11111: no input selected
44 Rev. 1.0 )
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8.1.2. Update Output Based on Timer Overflow

Similar to the ADC operation, in which an ADC conversion can be initiated by a timer overflow inde-
pendently of the processor, the IDAC outputs can use a Timer overflow to schedule an output update
event. This feature is useful in systems where the IDAC is used to generate a waveform of a defined sam-
pling rate by eliminating the effects of variable interrupt latency and instruction execution on the timing of
the IDAC output. When the IDAOCM bits (IDAOCN.[6:4]) are set to 000, 001, 010 or 011, writes to both
IDAC data registers (IDAOL and IDAOH) are held until an associated Timer overflow event (Timer O,
Timer 1, Timer 2 or Timer 3, respectively) occurs, at which time the IDAOH:IDAOL contents are copied to
the IDAC input latches, allowing the IDAC output to change to the new value.

8.1.3. Update Output Based on CNVSTR Edge

The IDAC output can also be configured to update on a rising edge, falling edge, or both edges of the
external CNVSTR signal. When the IDAOCM bits (IDAOCN.[6:4]) are set to 100, 101, or 110, writes to both
IDAC data registers (IDAOL and IDAOH) are held until an edge occurs on the CNVSTR input pin. The par-
ticular setting of the IDAOCM bits determines whether IDAC outputs are updated on rising, falling, or both
edges of CNVSTR. When a corresponding edge occurs, the IDAOH:IDAOL contents are copied to the IDAC
input latches, allowing the IDAC output to change to the new value.

8.2. IDAC Output Mapping

The IDAC data registers (IDAOH and IDAOL) are left-justified, meaning that the eight MSBs of the IDAC
output word are mapped to bits 7-0 of the IDAOH register, and the two LSBs of the IDAC output word are
mapped to bits 7 and 6 of the IDAOL register. The data word mapping for the IDAC is shown in Figure 8.2.

IDAOL
B1 | BO

IDAOH
B9 [ B8 | B7 | B6 | B5 | B4 | B3 | B2

Input Data Word
(IDAQ9-IDA00)

Output Current
IDAOOMD[1:0] = 1x

Output Current
IDAOOMD[1:0] =01

Output Current
IDAOOMD[1:0] = 00

0x000 0 mA 0 mA 0 mA

0x001 1/1024 x 2 mA 1/1024 x 1 mA 1/1024 x 0.5 mA
0x200 512/1024 x 2 mA 512/1024 x 1 mA 512/1024 x 0.5 mA
Ox3FF 1023/1024 x 2 mA 1023/1024 x 1 mA 1023/1024 x 0.5 mA

Figure 8.2. IDAO Data Word Mapping

The full-scale output current of the IDAC is selected using the IDAOOMD bits (IDAOCNJ[1:0]). By default,
the IDAC is set to a full-scale output current of 2 mA. The IDAOOMD bits can also be configured to provide
full-scale output currents of 1 mA or 0.5 mA, as shown in SFR Definition 8.1.
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9. Voltage Reference Options

The Voltage reference multiplexer for the ADC is configurable to use an externally connected voltage refer-
ence, the on-chip reference voltage generator routed to the VREF pin, the unregulated power supply volt-
age (Vpp), or the regulated 1.8 V internal supply (see Figure 9.1). The REFSL bit in the Reference Control
register (REFOCN, SFR Definition 9.1) selects the reference source for the ADC. For an external source or
the on-chip reference, REFSL should be set to O to select the VREF pin. To use Vpp as the reference
source, REFSL should be set to 1. To override this selection and use the internal regulator as the reference
source, the REGOVR bit can be set to 1.

The BIASE bit enables the internal voltage bias generator, which is used by many of the analog peripherals
on the device. This bias is automatically enabled when any peripheral which requires it is enabled, and it
does not need to be enabled manually. The bias generator may be enabled manually by writing a 1 to the
BIASE bit in register REFOCN. The electrical specifications for the voltage reference circuit are given in
Table 5.11.

The C8051T630/2/4 devices also include an on-chip voltage reference circuit which consists of a 1.2V,
temperature stable bandgap voltage reference generator and a selectable-gain output buffer amplifier. The
buffer is configured for 1x or 2x gain using the REFBGS bit in register REFOCN. On the 1x gain setting the
output voltage is nominally 1.2 V, and on the 2x gain setting the output voltage is nominally 2.4 V. The on-
chip voltage reference can be driven on the VREF pin by setting the REFBE bit in register REFOCN to a 1.
The maximum load seen by the VREF pin must be less than 200 pA to GND. Bypass capacitors of 0.1 pF
and 4.7 pF are recommended from the VREF pin to GND, and a minimum of 0.1uF is required. If the on-
chip reference is not used, the REFBE bit should be cleared to 0. Electrical specifications for the on-chip
voltage reference are given in Table 5.11.

Important Note about the VREF Pin: When using either an external voltage reference or the on-chip ref-
erence circuitry, the VREF pin should be configured as an analog pin and skipped by the Digital Crossbar.
Refer to Section “20. Port Input/Output” on page 109 for the location of the VREF pin, as well as details of
how to configure the pin in analog mode and to be skipped by the crossbar.
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SFR Definition 10.1. REGOCN: Voltage Regulator Control

Bit

7

6

Name

STOPCF

BYPASS MPCE

Type

R/W

R/W R/W R/W R/W R/W R/W R/W

Reset

0

0

SFR Address = 0xC7

Bit

Name

Function

7

STOPCF

Stop Mode Configuration.

This bit configures the regulator’s behavior when the device enters STOP mode.

0: Regulator is still active in STOP mode. Any enabled reset source will reset the
device.

1: Regulator is shut down in STOP mode. Only the RST pin or power cycle can reset
the device.

BYPASS

Bypass Internal Regulator.

This bit places the regulator in bypass mode, turning off the regulator, and allowing the
core to run directly from the Vpp supply pin.

0: Normal Mode—Regulator is on.

1: Bypass Mode—Regulator is off, and the microcontroller core operates directly from
the Vpp supply voltage.

IMPORTANT: Bypass mode is for use with an external regulator as the supply
voltage only. Never place the regulator in bypass mode when the Vpp supply
voltage is greater than the specifications given in Table 5.1 on page 23. Doing so
may cause permanent damage to the device.

51

Reserved

Reserved. Must Write 00000b

MPCE

Memory Power Controller Enable.

This bit can help the system save power at slower system clock frequencies (about
2.0 MHz or less) by automatically shutting down the EPROM memory between clocks
when information is not being fetched from the EPROM memory.

0: Normal Mode—Memory power controller disabled (EPROM memory is always on).

1: Low Power Mode—Memory power controller enabled (EPROM memory turns on/off

as needed).

Note: If an external clock source is used with the Memory Power Controller enabled, and the
clock frequency changes from slow (<2.0 MHz) to fast (> 2.0 MHz), the EPROM power
will turn on, and up to 20 clocks may be "skipped" to ensure that the EPROM power is
stable before reading memory.

56
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12. CIP-51 Microcontroller

The MCU 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 family has a superset of all the peripherals included with a standard 8051. The CIP-51
also includes on-chip debug hardware (see description in Section 26), and interfaces directly with the ana-
log and digital subsystems providing a complete data acquisition or control-system solution in a single inte-
grated circuit.

The CIP-51 Microcontroller core implements the standard 8051 organization and peripherals as well as
additional custom peripherals and functions to extend its capability (see Figure 12.1 for a block diagram).
The CIP-51 includes the following features:

e Fully Compatible with MCS-51 Instruction Set Reset Input

e 25 MIPS Peak Throughput with 25 MHz Clock e Power Management Modes

e 0to 25 MHz Clock Frequency On-chip Debug Logic

e Extended Interrupt Handler Program and Data Memory Security

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 12 MHz. 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.

DATA BUS

[ B REGISTER |  [STACK POINTER ]

DATA BUS

SRAM
ADDRESS » SRAM
REGISTER
i 1t

DATA BUS
— SFR_ADDRESS
Ty
SFR SFR_CONTROL |
BUS
H«E» SFR_WRITE_DATA
DATA POINTER ﬁ» INTERFACE a | >
sFR_READ_DATA |
———————=""
PC INCREMENTER
"’ MEM_ADDRESS
PROGRAM COUNTER (PC) g =
MEM_CONTROL |
ﬁ MEMORY
PRGM. ADDRESS REG. <:“A15 M INTERFACE | MEM_WRiTE_DATA _ |
a >
MEM_READ_DATA |
————=""
RESET | CONTROL
[ LoGic SYSTEM_IRQs
cLocK
INTERRUPT |
| INTERFACE EMULATION_IRQ
sToP ="
| POWER CONTROL «»
IDLE REGISTER

Figure 12.1. CIP-51 Block Diagram
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SFR Definition 15.4. EIP1: Extended Interrupt Priority 1

Bit

6

2

Name

PT3

Reserved

PCPO

PPCAO

PADCO

PWADCO

PMAT

PSMBO

Type

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

Reset

0

0

0

SFR Address = 0xF6

Bit

Name

Function

7

PT3

Timer 3 Interrupt Priority Control.

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

1: Timer 3 interrupts set to high priority level.

Reserved

Reserved. Must Write 0.

PCPO

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

0: CPO interrupt set to low priority level.

1: CPO interrupt set to high priority level.

PPCAO

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

0: PCAO interrupt set to low priority level.

1: PCAQO interrupt set to high priority level.

PADCO

ADCO Conversion Complete Interrupt Priority Control.

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

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

PWADCO

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

1: ADCO Window interrupt set to high priority level.

PMAT

Port Match Interrupt Priority Control.

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

1: Port Match interrupt set to high priority level.

PSMBO

SMBus (SMBO) Interrupt Priority Control.
This bit sets the priority of the SMBO interrupt.
0: SMBO interrupt set to low priority level.

1: SMBO interrupt set to high priority level.
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software prior to entering the idle mode if the WDT was initially configured to allow this operation. This pro-
vides the opportunity for additional power savings, allowing the system to remain in the idle mode indefi-
nitely, waiting for an external stimulus to wake up the system. Refer to Section “18.6. PCA Watchdog Timer
Reset” on page 99 for more information on the use and configuration of the WDT.

17.2. Stop Mode

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

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

By default, when in stop mode the internal regulator is still active. However, the regulator can be config-
ured to shut down while in stop mode to save power. To shut down the regulator in stop mode, the
STOPCEF bit in register REGOCN should be set to 1 prior to setting the STOP bit (see SFR Definition 10.1).
If the regulator is shut down using the STOPCF bit, only the RST pin or a full power cycle are capable of
resetting the device.

17.3. Suspend Mode

Setting the SUSPEND bit (OSCICN.5) causes the hardware to halt the CPU and the high-frequency inter-
nal oscillator, and go into suspend mode as soon as the instruction that sets the bit completes execution.
All internal registers and memory maintain their original data. Most digital peripherals are not active in sus-
pend mode. The exception to this is the Port Match feature and Timer 3, when it is run from an external
oscillator source or the internal low-frequency oscillator.

Suspend mode can be terminated by four types of events, a port match (described in Section “20.5. Port
Match” on page 118), a Timer 3 overflow (described in Section “24.3. Timer 3" on page 185), a comparator
low output (if enabled), or a device reset event. To run Timer 3 in suspend mode, the timer must be config-
ured to clock from either the external clock source or the internal low-frequency oscillator source. When
suspend mode is terminated, the device will continue execution on the instruction following the one that set
the SUSPEND bit. If the wake event (port match or Timer 3 overflow) was configured to generate an inter-
rupt, the interrupt will be serviced upon waking the device. If suspend mode is terminated by an internal or
external reset, the CIP-51 performs a normal reset sequence and begins program execution at address
0x0000.
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SFR Definition 18.2. RSTSRC: Reset Source

Bit 7 6 5 4 3 2 1 0
Name MEMERR | CORSEF | SWRSF | WDTRSF | MCDRSF | PORSF PINRSF
Type R R R/W R/W R R/W R/W R
Reset 0 Varies Varies Varies Varies Varies Varies Varies

SFR Address = OxEF

Bit Name Description Write Read

7 Unused |Unused. Don't care. 0

6 MEMERR EPROM Error Reset F|ag N/A Setto 1 if EPROM
read/write error caused
the last reset.

5 | CORSEF |Comparator0 Reset Enable |Writing a 1 enables Set to 1 if ComparatorO

and Flag. Comparator0 as a reset caused the last reset.
source (active-low).

4 SWRSF | software Reset Force and Writing a 1 forces a sys- | Set to 1 if last reset was

Flag. tem reset. caused by a write to
SWRSF.

3 | WDTRSF |watchdog Timer Reset Flag. | N/A Set to 1 if Watchdog Timer
overflow caused the last
reset.

2 | MCDRSF | Missing Clock Detector Writing a 1 enables the Set to 1 if Missing Clock

Enable and Flag. Missing Clock Detector. Detector timeout caused
The MCD triggers a reset |the last reset.
if a missing clock condition
is detected.
1 PORSF Power-On/Vpp Monitor Writing a 1 enables the Set to 1 anytime a power-
Reset Flag, and Vpp monitor Vpp monitor as a reset on or Vpp monitor reset
Reset Enable. source. occurs.
Writing 1 to this bit When set to 1 all other
before the Vpp monitor |RSTSRC flags are inde-
is enabled and stabilized |terminate.
may cause a system
reset.
0 | PINRSF N/A Set to 1 if RST pin caused

HW Pin Reset Flag.

the last reset.

Note: Do not use read-modify-write operations on this register

100
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19.4. External Oscillator Drive Circuit

The external oscillator circuit may drive an external capacitor or RC network. A CMOS clock may also pro-
vide a clock input. In RC, capacitor, or CMOS clock configuration, the clock source should be wired to the
EXTCLK pin as shown in Figure 19.1. The type of external oscillator must be selected in the OSCXCN reg-
ister, and the frequency control bits (XFCN) must be selected appropriately (see SFR Definition 19.5).

Important Note on External Oscillator Usage: Port pins must be configured when using the external
oscillator circuit. When the external oscillator drive circuit is enabled in capacitor, RC, or CMOS clock
mode, Port pin P0.3 is used as EXTCLK. The Port I/O Crossbar should be configured to skip the Port pin
used by the oscillator circuit; see Section “20.3. Priority Crossbar Decoder” on page 114 for Crossbar con-
figuration. Additionally, when using the external oscillator circuit in capacitor or RC mode, the associated
Port pin should be configured as an analog input. In CMOS clock mode, the associated pin should be
configured as a digital input. See Section “20.4. Port 1/O Initialization” on page 116 for details on Port
input mode selection.
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SFR Definition 20.10. POSKIP: Port 0 Skip

Bit 7 6 5 4 3 2 1 0
Name POSK|P[7ZO]
Reset 0 0 0 0 0 0 0 0
SFR Address = 0xD4
Bit Name Function
7:0 | POSKIP[7:0] |Port 0 Crossbar Skip Enable Bits.

These bits select Port 0 pins to be skipped by the Crossbar Decoder. Port pins
used for analog, special functions or GPIO should be skipped by the Crossbar.
0: Corresponding P0.n pin is not skipped by the Crossbar.

1: Corresponding PO0.n pin is skipped by the Crossbar.

SFR Definition 20.11. P1: Port 1

Bit 7 6 5 4 3 2 1 0
Name P1[7:0]
Type R/W
Reset 1 1 1 1 1 1 1 1
SFR Address = 0x90; Bit-Addressable
Bit Name Description Write Read
7.0 | P1[7:0] |port 1 Data. 0: Set output latch to logic |0: P1.n Port pin is logic

Sets the Port latch logic
value or reads the Port pin
logic state in Port cells con-
figured for digital 1/0.

LOW.

1. Set output latch to logic
HIGH.

LOW.
1. P1.n Port pin is logic
HIGH.

SILICON LABS

Rev. 1.0

123




C8051T630/1/2/3/4/5

Table 21.1. SMBus Clock Source Selection

SMBCS1 | SMBCSO0 SMBus Clock Source
0 0 Timer 0 Overflow
0 1 Timer 1 Overflow
1 0 Timer 2 High Byte Overflow
1 1 Timer 2 Low Byte Overflow

The SMBCS1-0 bits select the SMBus clock source, which is used only when operating as a master or
when the Free Timeout detection is enabled. When operating as a master, overflows from the selected
source determine the absolute minimum SCL low and high times as defined in Equation 21.1. Note that the
selected clock source may be shared by other peripherals so long as the timer is left running at all times.
For example, Timer 1 overflows may generate the SMBus and UART baud rates simultaneously. Timer
configuration is covered in Section “24. Timers” on page 169.

1

ClockSourceOver flow

THighMin = TLowMin - f

Equation 21.1. Minimum SCL High and Low Times

The selected clock source should be configured to establish the minimum SCL High and Low times as per
Equation 21.1. When the interface is operating as a master (and SCL is not driven or extended by any
other devices on the bus), the typical SMBus bit rate is approximated by Equation 21.2.

. f
BitRate = Cl ockSour?i:eOverfI ow

Equation 21.2. Typical SMBus Bit Rate
Figure 21.4 shows the typical SCL generation described by Equation 21.2. Notice that T,y is typically

twice as large as T . The actual SCL output may vary due to other devices on the bus (SCL may be

extended low by slower slave devices, or driven low by contending master devices). The bit rate when
operating as a master will never exceed the limits defined by equation Equation 21.1.

Timer Source

Overflows

AR 5 I I e B

Tiow Thigh SCL High Timeout

Figure 21.4. Typical SMBus SCL Generation

Setting the EXTHOLD bit extends the minimum setup and hold times for the SDA line. The minimum SDA
setup time defines the absolute minimum time that SDA is stable before SCL transitions from low-to-high.
The minimum SDA hold time defines the absolute minimum time that the current SDA value remains stable
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21.5.2. Read Sequence (Master)

During a read sequence, an SMBus master reads data from a slave device. The master in this transfer will
be a transmitter during the address byte, and a receiver during all data bytes. The SMBus interface gener-
ates the START condition and transmits the first byte containing the address of the target slave and the
data direction bit. In this case the data direction bit (R/W) will be logic 1 (READ). Serial data is then
received from the slave on SDA while the SMBus outputs the serial clock. The slave transmits one or more
bytes of serial data.

If hardware ACK generation is disabled, the ACKRQ is set to 1 and an interrupt is generated after each
received byte. Software must write the ACK bit at that time to ACK or NACK the received byte.

With hardware ACK generation enabled, the SMBus hardware will automatically generate the ACK/NACK,
and then post the interrupt. It is important to note that the appropriate ACK or NACK value should be
set up by the software prior to receiving the byte when hardware ACK generation is enabled.

Writing a 1 to the ACK bit generates an ACK; writing a 0 generates a NACK. Software should write a 0 to
the ACK bit for the last data transfer, to transmit a NACK. The interface exits Master Receiver Mode after
the STO bit is set and a STOP is generated. The interface will switch to Master Transmitter Mode if SMBO-
DAT is written while an active Master Receiver. Figure 21.6 shows a typical master read sequence. Two
received data bytes are shown, though any number of bytes may be received. Notice that the ‘data byte
transferred’ interrupts occur at different places in the sequence, depending on whether hardware ACK gen-
eration is enabled. The interrupt occurs before the ACK with hardware ACK generation disabled, and after
the ACK when hardware ACK generation is enabled.

| Interrupts with Hardware ACK Enabled (EHACK = 1)

\ Y Y Y
‘ S SLA R A Data Byte A Data Byte N|P
A A A A

| Interrupts with Hardware ACK Disabled (EHACK = 0)

Received by SMBus S =START
Interface P=STOP
A =ACK
) N = NACK
Transmitted by R = READ
SMBus Interface SLA = Slave Address

Figure 21.6. Typical Master Read Sequence
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SCK
(CKPOL=0, CKPHA=0)

SCK
(CKPOL=0, CKPHA=1)

SCK
(CKPOL=1, CKPHA=0)

SCK
(CKPOL=1, CKPHA=1)

MISO/MOSI

NSS (Must Remain High
in Multi-Master Mode)

SCK
(CKPOL=0, CKPHA=0)

SCK
(CKPOL=1, CKPHA=0)

MOSI

MISO

NSS (4-Wire Mode)

Figure 23.6. Slave Mode Data/Clock Timing (CKPHA = 0)

O mss Bit6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bito  JXROWK
Figure 23.5. Master Mode Data/Clock Timing
| | | | | | | |
| | | | | | | |
YO s Bit6 ) Bit5 Bit4 Bit3 Bitz ) Bitl BitO  JXAXNIK
—{| wmsB Bit6 X Bit5 Bit 4 Bit 3 Bit2 X Bitl

-\

Bito g }—
S
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25.3.6. 16-Bit Pulse Width Modulator Mode

A PCA module may also be operated in 16-Bit PWM mode. 16-bit PWM mode is independent of the other
(8/9/10/11-bit) PWM modes. In this mode, the 16-bit capture/compare module defines the number of PCA
clocks for the low time of the PWM signal. When the PCA counter matches the module contents, the out-
put on CEXn is asserted high; when the 16-bit counter overflows, CEXn is asserted low. To output a vary-
ing duty cycle, new value writes should be synchronized with PCA CCFn match interrupts. 16-Bit PWM
Mode is enabled by setting the ECOMn, PWMn, and PWM16n bits in the PCAOCPMn register. For a vary-
ing duty cycle, match interrupts should be enabled (ECCFn = 1 AND MATn = 1) to help synchronize the
capture/compare register writes. If the MATn bit is set to 1, the CCFn flag for the module will be set each
time a 16-bit comparator match (rising edge) occurs. The CF flag in PCAOCN can be used to detect the
overflow (falling edge). The duty cycle for 16-Bit PWM Mode is given by Equation 25.4.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCAO Cap-
ture/Compare registers, the low byte should always be written first. Writing to PCAOCPLnN clears the
ECOMRN bit to 0; writing to PCAOCPHnN sets ECOMn to 1.

(65536 — PCAOCPN)
65536

Equation 25.4. 16-Bit PWM Duty Cycle

Using Equation 25.4, the largest duty cycle is 100% (PCAOCPn = 0), and the smallest duty cycle is
0.0015% (PCAOCPN = OxFFFF). A 0% duty cycle may be generated by clearing the ECOMn bit to 0.

Duty Cycle =

Write to
PCAOCPLNn 0

Reset

Write to

PCAOCPHN B
1

vPCAOCPMn
P|E[C|C|M|T(P|E
W|C|A|A[A[O|W[C
vlolelp|TlcIMlc PCAOCPHN PCAOCPLN
1|M[P[N|n|n[n|F
6[n[n|n n
n
1

0ox0of> N N !
I
I
4‘—‘:}& 16-bit Comparator mateh g s g CEX”: Crossbar |—|g Port I/0
T T TT |—> R ar Q
PCA Timebase N PCAOH PCAOL

Overflow

Figure 25.10. PCA 16-Bit PWM Mode
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