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1.3. JTAG Debug and Boundary Scan

The C8051F000 family has on-chip JTAG and debug circuitry 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 JTAG port is
fully compliant to IEEE 1149.1, providing full boundary scan for test and manufacturing purposes.

Silicon Labs’ debug system supports inspection and modification of memory and registers, breakpoints,
watchpoints, a stack monitor, and single stepping. No additional target RAM, program memory, timers, or
communications channels are required. All the digital and analog peripherals are functional and work correctly
while debugging. All the peripherals (except for the ADC) are stalled when the MCU is halted, during single
stepping, or at a breakpoint in order to keep them in sync.

The C8051F000DK, C8051F005DK, C8051F010DK, and C8051F015DK are development kits with all the
hardware and software necessary to develop application code and perform in-circuit debug with the C8051F000/1/2,
F005/6/7, F010/1/2, and F015/6/7 MCUs respectively. The kit includes software with a developer’s studio and
debugger, an integrated 8051 assembler, and an RS-232 to JTAG protocol translator module referred to as the EC.
It also has a target application board with the associated MCU installed and a large prototyping area, plus the RS-
232 and JTAG cables, and wall-mount power supply. The Development Kit requires a Windows
95/98/NT/2000/XP computer with one available RS-232 serial port. As shown in Figure 1.7, 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 pins and VDD and GND. The EC takes its power from the application board. It requires roughly 20mA at
2.7-3.6V. 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 preserves the performance of the
precision analog peripherals.

Figure 1.7. Debug Environment Diagram

Silicon Labs Integrated
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o
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Pin Numbers
FOOO | FOO1 | F002 ..
Name | roos | Foos | Fooz | Type | Description

FO10 | FO11 | F012

F015 | FO16 | F017
AING 13 10 A ln Analog Mux Channel Input 6. (See ADC Specification for complete

description).
AIN7 14 11 A In Analog Mux Channel Input 7. (See ADC Specification for complete
description).

PO.0 39 | 31 | 19 | D 1/0 | Port0 Bit0. (See the Port I/O Sub-System section for complete description).
PO.1 42 34 22 | D 1/0 | Port0 Bitl. (See the Port I/0 Sub-System section for complete description).
PO.2 47 35 23 | D 1/0 | Port0 Bit2. (See the Port 1/0 Sub-System section for complete description).
PO.3 48 | 36 | 24 | D 1/0 | Port0 Bit3. (See the Port I/O Sub-System section for complete description).
PO.4 49 37 25 | D 1/0 | Port0 Bit4. (See the Port 1/0 Sub-System section for complete description).
PO.5 50 38 26 | D 1/0 | Port0 Bit5. (See the Port 1/0 Sub-System section for complete description).
PO.6 55 39 27 | D 1/0 | Port0 Bit6. (See the Port I/0 Sub-System section for complete description).
PO.7 56 | 40 | 28 | D 1/0 | Port0 Bit7. (See the Port I/O Sub-System section for complete description).
P1.0 38 | 30 D 1/0 | Portl Bit0. (See the Port 1/0O Sub-System section for complete description).
P1.1 37 29 D 1/0 | Portl Bitl. (See the Port 1/0O Sub-System section for complete description).
P1.2 36 28 D 1/0 | Portl Bit2. (See the Port 1/0 Sub-System section for complete description).
P1.3 35 | 26 D 1/0 | Portl Bit3. (See the Port 1/0 Sub-System section for complete description).
P1.4 34 | 25 D 1/0 | Portl Bit4. (See the Port 1/0O Sub-System section for complete description).
P1.5 32 24 D 1/0 | Portl Bit5. (See the Port 1/0 Sub-System section for complete description).
P1.6 60 42 D 1/0 | Portl Bit6. (See the Port 1/0 Sub-System section for complete description).
P1.7 59 41 D 1/0 | Portl Bit7. (See the Port 1/0 Sub-System section for complete description).
P2.0 33 D 1/0 | Port2 Bit0. (See the Port 1/0 Sub-System section for complete description).
P2.1 27 D 1/0 | Port2 Bitl. (See the Port 1/0O Sub-System section for complete description).
pP2.2 54 D 1/0 | Port2 Bit2. (See the Port 1/0 Sub-System section for complete description).
P2.3 53 D 1/0 | Port2 Bit3. (See the Port 1/0 Sub-System section for complete description).
P2.4 52 D 1/0 | Port2 Bit4. (See the Port 1/0 Sub-System section for complete description).
P2.5 51 D 1/0 | Port2 Bit5. (See the Port 1/0 Sub-System section for complete description).
P2.6 44 D 1/0 | Port2 Bit6. (See the Port 1/0 Sub-System section for complete description).
P2.7 43 D 1/0 | Port2 Bit7. (See the Port 1/0 Sub-System section for complete description).
P3.0 26 D 1/0 | Port3 Bit0. (See the Port 1/0 Sub-System section for complete description).
P3.1 25 D 1/0 | Port3 Bitl. (See the Port 1/0O Sub-System section for complete description).
P3.2 24 D 1/0 | Port3 Bit2. (See the Port 1/0 Sub-System section for complete description).
P3.3 23 D 1/0 | Port3 Bit3. (See the Port 1/0 Sub-System section for complete description).
P3.4 58 D 1/0 | Port3 Bit4. (See the Port 1/0 Sub-System section for complete description).
P3.5 57 D 1/0 | Port3 Bit5. (See the Port 1/0 Sub-System section for complete description).
P3.6 46 D 1/0 | Port3 Bit6. (See the Port 1/0 Sub-System section for complete description).
P3.7 45 D 1/0 | Port3 Bit7. (See the Port 1/0 Sub-System section for complete description).
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Figure 4.5. LQFP-32 Pinout Diagram
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5. ADC (12-Bit, C8051F000/1/2/5/6/7 Only)

The ADC subsystem for the C8051F000/1/2/5/6/7 consists of a 9-channel, configurable analog multiplexer
(AMUX), a programmable gain amplifier (PGA), and a 100ksps, 12-bit successive-approximation-register ADC
with integrated track-and-hold and programmable window detector (see block diagram in Figure 5.1). The AMUX,
PGA, Data Conversion Modes, and Window Detector are all configurable under software control via the Special
Function 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, Figure 5.7) is set to 1. The ADC subsystem is in low
power shutdown when this bit is 0. The Bias Enable bit (BIASE) in the REFOCN register (see Figure 9.2) must be
set to 1 in order to supply bias to the ADC.

Figure 5.1. 12-Bit ADC Functional Block Diagram
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5.1.  Analog Multiplexer and PGA

Eight of the AMUX channels are available for external measurements while the ninth channel is internally
connected to an on-board temperature sensor (temperature transfer function is shown in Figure 5.3). Note that the
PGA gain is applied to the temperature sensor reading. AMUX input pairs can be programmed to operate in either
the differential or single-ended mode. This allows the user to select the best measurement technique for each input
channel, and even accommodates mode changes “on-the-fly”. The AMUX defaults to all single-ended inputs upon
reset. There are two registers associated with the AMUX: the Channel Selection register AMXOSL (Figure 5.5),
and the Configuration register AMXOCF (Figure 5.4). The table in Figure 5.5 shows AMUX functionality by
channel for each possible configuration. The PGA amplifies the AMUX output signal by an amount determined by
the AMPGN2-0 bits in the ADC Configuration register, ADCOCF (Figure 5.6). The PGA can be software-
programmed for gains of 0.5, 1, 2, 4, 8 or 16. It defaults to unity gain on reset.

29 Rev. 1.7 SILICON LABS



C8051F000/1/2/5/6/7
C8051F010/1/2/5/6/7

Figure 5.3. Temperature Sensor Transfer Function
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Figure 5.4. AMXO0CF: AMUX Configuration Register (C8051F00x)

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

- | - | - | - | AIN67IC | AIN45IC | AIN23IC | AINOLIC | 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
O0xBA

Bits7-4: UNUSED. Read = 0000b; Write = don’t care
Bit3:  AING67IC: AING, AIN7 Input Pair Configuration Bit

0: AING6 and AIN7 are independent singled-ended inputs

1: AING6, AIN7 are (respectively) +, - differential input pair
Bit2:  AIN45IC: AIN4, AINS5 Input Pair Configuration Bit

0: AIN4 and AINS5 are independent singled-ended inputs

1: AIN4, AINS are (respectively) +, - differential input pair
Bitl:  AIN23IC: AIN2, AIN3 Input Pair Configuration Bit

0: AIN2 and AIN3 are independent singled-ended inputs

1: AIN2, AINS3 are (respectively) +, - differential input pair
Bit0:  AINO1IC: AINO, AIN1 Input Pair Configuration Bit

0: AINO and AIN1 are independent singled-ended inputs

1: AINO, AIN1 are (respectively) +, - differential input pair

NOTE: The ADC Data Word is in 2’s complement format for channels configured as differential.
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Figure 5.8. ADCOH: ADC Data Word MSB Register (C8051F00x)
RIW R/W RIW R/W R/W RIW RIW R/IW Reset Value
I I I I I I I | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
O0XBF

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.

Figure 5.9. ADCOL: ADC Data Word LSB Register (C8051F00x)

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

| | I | I | | | | 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xBE

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 of 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
(AMXOCF=0x00, AMX0SL=0x00)

AINO — AGND ADCOH:ADCOL | ADCOH:ADCOL
(Volts) (ADLJST = 0) (ADLIST = 1)
REF x (4095/4096) OXOFFF OXFFFO

REF x % 0x0800 0x8000

REF x (2047/4096) O0X07FF 0X7FFO

0 0x0000 0x0000

EXAMPLE: ADC Data Word Conversion Map, AINO-AIN1 Differential Input Pair
(AMXO0CF=0x01, AMX0SL=0x00)

ADCOH:ADCOL | ADCOH:ADCOL
AINO - AINL (Volts) | ap| 557 = ) (ADLJST = 1)
REF x (2047/2048) | OXO7FF Ox7FFO
0 0x0000 0x0000
-REF x (1/2048) OXFFFF OXFFFO
‘REF 0xF800 0x8000
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6. ADC (10-Bit, C8051F010/1/2/5/6/7 Only)

The ADC subsystem for the C8051F010/1/2/5/6/7 consists of a 9-channel, configurable analog multiplexer
(AMUX), a programmable gain amplifier (PGA), and a 100ksps, 10-bit successive-approximation-register ADC
with integrated track-and-hold and programmable window detector (see block diagram in Figure 6.1). The AMUX,
PGA, Data Conversion Modes, and Window Detector are all configurable under software control via the Special
Function Register’s shown in Figure 6.1. The ADC subsystem (ADC, track-and-hold and PGA) is enabled only
when the ADCEN bit in the ADC Control register (ADCOCN, Figure 6.7) is set to 1. The ADC subsystem is in low
power shutdown when this bit is 0. The Bias Enable bit (BIASE) in the REFOCN register (see Figure 9.2) must be
set to 1 in order to supply bias to the ADC.

Figure 6.1. 10-Bit ADC Functional Block Diagram
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I l l l 20
hd e e COMB
' AV+ 0 10
AINO ! \ 5 — ADWINT
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>
AIN2 |+ o
| AV+ 8
AIN3 - | 9-to-1 : T
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(SE or X SAR 10 L
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AING AGND >
AIN7 S
9o =}
g —
@,
E] TMR3 OV
)
Q
p=3
CNVSTR
[T o tlee iy T ADBUSY (w)
olololo m|a[—]o NI NE=l=) >[s|=>I2elE =
Seglg 2R2R 2R | GE6 [EEEBEEES
2222 ZZEE 8RS | EEE| [c2BRBLER
<|<|<< <=z <<l 222 <l<<lRRIRIR)<
AMXOCF AMXO0SL ADCOCF ADCOCN

6.1.  Analog Multiplexer and PGA

Eight of the AMUX channels are available for external measurements while the ninth channel is internally
connected to an on-board temperature sensor (temperature transfer function is shown in Figure 6.3). Note that the
PGA gain is applied to the temperature sensor reading. AMUX input pairs can be programmed to operate in either
the differential or single-ended mode. This allows the user to select the best measurement technique for each input
channel, and even accommodates mode changes “on-the-fly”. The AMUX defaults to all single-ended inputs upon
reset. There are two registers associated with the AMUX: the Channel Selection register AMXOSL (Figure 6.5),
and the Configuration register AMXOCF (Figure 6.4). The table in Figure 6.5 shows AMUX functionality by
channel for each possible configuration. The PGA amplifies the AMUX output signal by an amount determined by
the AMPGN2-0 bits in the ADC Configuration register, ADCOCF (Figure 6.6). The PGA can be software-
programmed for gains of 0.5, 1, 2, 4, 8 or 16. It defaults to unity gain on reset.
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6.2.  ADC Modes of Operation

The ADC uses VREF to determine its full-scale voltage, thus the reference must be properly configured before
performing a conversion (see Section 9). The ADC has a maximum conversion speed of 100ksps. The ADC
conversion clock is derived from the system clock. Conversion clock speed can be reduced by a factor of 2, 4, 8 or
16 via 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 four 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. A Timer 3 overflow (i.e. timed continuous conversions);

3. Arrising edge detected on the external ADC convert start signal, CNVSTR;

4. A Timer 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 triggers an interrupt (when enabled) and sets the ADCINT interrupt flag. Note: When conversions are
performed “on-demand”, the ADCINT flag, not ADBUSY, should be polled to determine when the
conversion has completed. Converted data is available in the ADC data word MSB and LSB registers, ADCOH,
ADCOL. Converted data can be either left or right justified in the ADCOH:ADCOL register pair (see example in
Figure 6.9) depending on the programmed state of the ADLJST bit in the ADCOCN register.

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 four 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 Timer 3 and lasts for 3 SAR clocks;

3. Tracking is active only when the CNVSTR input is low;

4. Tracking starts with an overflow of Timer 2 and lasts for 3 SAR clocks.

Modes 1, 2 and 4 (above) are useful when the start of conversion is triggered with a software command or when the
ADC is operated continuously. Mode 3 is used when the start of conversion is triggered by external hardware. In
this case, the track-and-hold is in its low power mode at times when the CNVSTR input is high. Tracking can also
be disabled (shutdown) when the entire chip is in low power standby or sleep modes.

Figure 6.2. 10-Bit ADC Track and Conversion Example Timing

A. ADC Timing for External Trigger Source

CNVSTR
(ADSTM[1:0]=10) | I

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

SAR Clocks W

ADCTM=1 [ "¢Fowere T Track | Convert [ Low Power Mode |

ADCTM=0

Track Or Convert ‘ Convert ‘ Track ‘

B. ADC Timing for Internal Trigger Sources

Timer2, Timer3 Overflow; /_\
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 [ "EFowo T Track | Convert [ Low Power Mode
12 3 45 6 7 8 9 1011 12 13 14 15 16
SAR Clocks
ADCTM=0 ‘ Track or Convert ‘ Convert ‘ Track ‘
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Figure 6.6. ADCOCF: ADC Configuration Register (C8051F01x)

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 Bitl 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: Conversion clock should be < 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
11x: Gain=0.5
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Figure 8.4. CPT1CN: Comparator 1 Control Register

RIW

R RIW RIW RIW RIW RIW RIW

| CPIEN

Bit7

Bit7:

Bit6:

Bit5:

Bit4:

Bit3-2:

Bit1-0:

Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

CP1EN: Comparator 1 Enable Bit

0: Comparator 1 Disabled.

1: Comparator 1 Enabled.

CP1OUT: Comparator 1 Output State Flag

0: Voltage on CP1+ < CP1-

1: Voltage on CP1+ > CP1-

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 flag was cleared
CP1FIF: Comparator 1 Falling-Edge Interrupt Flag

0: No Comparator 1 Falling-Edge Interrupt has occurred since this flag was cleared
1: Comparator 1 Falling-Edge Interrupt has occurred since this flag was cleared
CP1HYP1-0: Comparator 1 Positive Hysteresis Control Bits

00: Positive Hysteresis Disabled

01: Positive Hysteresis = 2mV

10: Positive Hysteresis = 4mV

11: Positive Hysteresis = 10mV

CP1HYN1-0: Comparator 1 Negative Hysteresis Control Bits

00: Negative Hysteresis Disabled

01: Negative Hysteresis = 2mV

10: Negative Hysteresis = 4mV

11: Negative Hysteresis = 10mV

Reset Value

[ cPioUT | CPIRIF | CPIFIF [ CP1HYP1 | CP1IHYPO | CPIHYN1 [ CPIHYNO | 00000000
SFR Address:

Ox9F

SILICON LABS Rev. 1.7

58



C8051F000/1/2/5/6/7

C8051F010/1/2/5/6/7
Table 10.1. CIP-51 Instruction Set Summary
. . Clock
Mnemonic Description Bytes Cycles
ARITHMETIC OPERATIONS
ADD ARn 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 ARn 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 ARn 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
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 Aby B 1 8
DA A Decimal Adjust A 1 1
LOGICAL OPERATIONS
ANL ARn AND Register to A 1 1
ANL A, direct AND direct byte to A 2 2
ANL A @RI AND indirect RAM to A 1 2
ANL A #data AND immediate to A 2 2
ANL direct,A AND A to direct byte 2 2
ANL direct,#data AND immediate to direct byte 3 3
ORL A,Rn OR Register to A 1 1
ORL A direct OR direct byte to A 2 2
ORL A @RI OR indirect RAM to A 1 2
ORL A #data OR immediate to A 2 2
ORL direct,A OR A to direct byte 2 2
ORL direct,#data OR immediate to direct byte 3 3
XRL 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
CPL A Complement A 1 1
RL A Rotate A left 1 1
RLC A Rotate A left through carry 1 1
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Address | Register Description Page No.
0x89 TMOD Counter/Timer Mode 143
0x91 TMR3CN Timer 3 Control 152
0x95 TMR3H Timer 3 High 153
0x94 TMR3L Timer 3 Low 153
0x93 TMR3RLH Timer 3 Reload High 153
0x92 TMR3RLL Timer 3 Reload Low 153
OxFF WDTCN Watchdog Timer Control 96
OxE1 XBRO Port I/O Crossbar Configuration 1 105
OxE2 XBR1 Port I/O Crossbar Configuration 2 107
OxE3 XBR2 Port I/O Crossbar Configuration 3 108

0x84-86, 0x96-97, 0x9C,

0xA1-A3, 0xA9-AC,

OxAE, 0xB3-B5, 0xB9, Reserved
0xBD, 0xC9, 0xCE,

O0xDF, OXE4-E5, OxF1-F5

* Refers to a register in the C8051F000/1/2/5/6/7 only.
** Refers to a register in the C8051F010/1/2/5/6/7 only.
*** Refers to a register in the C8051F005/06/07/15/16/17 only.
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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.

Figure 10.15. PCON: Power Control Register

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
[ sMmob | G4 | GF3 | G2 | GF1 | GF0O | stop | IDLE | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0x87
Bit7:  SMOD: Serial Port Baud Rate Doubler Enable.
0: Serial Port baud rate is that defined by Serial Port Mode in SCON.
1: Serial Port baud rate is double that defined by Serial Port Mode in SCON.
Bits6-2: GF4-GF0: General Purpose Flags 4-0.
These are general purpose flags for use under software control.
Bitl:  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).
Bit0:  IDLE: Idle Mode Select.
Setting this bit will place the CIP-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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Figure 15.8. P1: Portl Register
RIW R/IW R/IW RIW R/IW RIW R/IW RIW Reset Value
[ P17 | P16 | pPi5 | P4 | P13 | P12 | P11 | PO | 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
(bitaddressable)  Ox90
Bits7-0: P1.[7:0]
(Write — Output appears on 1/O pins per XBR0, XBR1, and XBR2 registers)
0: Logic Low Output.
1: Logic High Output (high-impedance if corresponding PRT1CF.n bit = 0)
(Read — Regardless of XBRO, XBR1, and XBR2 Register settings).
0: P1.npinis logic low.
1: P1.npinis logic high.
Figure 15.9. PRT1CF: Portl Configuration Register
RIW R/IW R/IW RIW R/IW RIW R/IW RIW Reset Value
| | | | | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xA5
Bits7-0: PRT1CF.[7:0]: Output Configuration Bits for P1.7-P1.0 (respectively)
0: Corresponding P1.n Output mode is Open-Drain.
1: Corresponding P1.n Output mode is Push-Pull.
Figure 15.10. PRT1IF: Portl Interrupt Flag Register
RIW R/IW R/IW RIW R/IW RIW R/IW RIW Reset Value
[ ez | 6 | 1ES | IE4 | - | - | - | - | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xAD
Bit7:  IE7: External Interrupt 7 Pending Flag.
0: No falling edge detected on P1.7.
1: This flag is set by hardware when a falling edge on P1.7 is detected.
Bit6:  IE6: External Interrupt 6 Pending Flag.
0: No falling edge detected on P1.6.
1. This flag is set by hardware when a falling edge on P1.6 is detected.
Bit5:  IE5: External Interrupt 5 Pending Flag.
0: No falling edge detected on P1.5.
1: This flag is set by hardware when a falling edge on P1.5 is detected.
Bit4d:  IE4: External Interrupt 4 Pending Flag.
0: No falling edge detected on P1.4.
1: This flag is set by hardware when a falling edge on P1.4 is detected.
Bits3-0: UNUSED. Read = 0000b, Write = don’t care.
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17. SERIAL PERIPHERAL INTERFACE BUS

The Serial Peripheral Interface (SPI) provides access to a four-wire, full-duplex, serial bus. SPI supports the
connection of multiple slave devices to a master device on the same bus. A separate slave-select signal (NSS) is
used to select a slave device and enable a data transfer between the master and the selected slave. Multiple masters
on the same bus are also supported. Collision detection is provided when two or more masters attempt a data
transfer at the same time. The SPI can operate as either a master or a slave. When the SPI is configured as a
master, the maximum data transfer rate (bits/sec) is one-half the system clock frequency.

When the SP1 is configured as a slave, the maximum data transfer rate (bits/sec) for full-duplex operation is 1/10 the
system clock frequency, provided that the master issues SCK, NSS, and the serial input data synchronously with the
system clock. If the master issues SCK, NSS, and the serial input data asynchronously, the maximum data transfer
rate (bits/sec) must be less that 1/10 the system clock frequency. In the special case where the master only wants to
transmit data to the slave and does not need to receive data from the slave (i.e. half-duplex operation), the SPI slave
can receive data at a maximum data transfer rate (bits/sec) of ¥ the system clock frequency. This is provided that
the master issues SCK, NSS, and the serial input data synchronously with the system clock.

Figure 17.1. SPI Block Diagram
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Setting the TRO bit (TCON.4) enables the timer when either GATEO (TMOD.3) is 0 or the input signal /INTO is

logic-level one. Setting GATEO to logic 1 allows the timer to be controlled by the external input signal /INTO,
facilitating pulse width measurements.

TRO GATEO /INTO Counter/Timer
0 X X Disabled
1 0 X Enabled
1 1 0 Disabled
1 1 1 Enabled
X =Don’t Care

Setting TRO does not reset the timer register. The timer register should be initialized to the desired value before
enabling the timer.

TL1 and TH1 form the 13-bit register for Timer 1 in the same manner as described above for TLO and THO. Timer
1 is configured and controlled using the relevant TCON and TMOD bits just as with Timer 0.

Figure 19.1. TO Mode 0 Block Diagram

creow ) [ ToD
G G
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TO —— Crossbar TLO THO » TFO [— Interrupt
——— . . TRO
(5 bits) (8 hits) Z[TE1 ] v
O 171
TRO O[E0
F o

GATEO

e — |

19.1.2. Mode 1: 16-bit Counter/Timer

Mode 1 operation is the same as Mode 0, except that the counter/timer registers use all 16 bits. The counter/timers
are enabled and configured in Mode 1 in the same manner as for Mode 0.
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Figure 19.14. T2CON: Timer 2 Control Register

RIW R/IW R/IW RIW R/IW RIW R/IW RIW Reset Value
[ T2 | ExFr2 | RCLK | TCLK | EXEN2 | TR2 | c/m2 | CP/RL2 | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:

(bit addressable)  OXC8

Bit7:  TF2: Timer 2 Overflow Flag.
Set by hardware when Timer 2 overflows from OxFFFF to 0x0000 or reload value. When
the Timer 2 interrupt is enabled, setting this bit causes the CPU to vector to the Timer 2
interrupt service routine. This bit is not automatically cleared by hardware and must be
cleared by software. TF2 will not be set when RCLK and/or TCLK are logic 1.

Bit6:  EXF2: Timer 2 External Flag.
Set by hardware when either a capture or reload is caused by a high-to-low transition on
the T2EX input pin and EXEN2 is logic 1. When the Timer 2 interrupt is enabled, setting
this bit causes the CPU to vector to the Timer 2 Interrupt service routine. This bit is not
automatically cleared by hardware and must be cleared by software.

Bit5: RCLK: Receive Clock Flag.
Selects which timer is used for the UART’s receive clock in modes 1 or 3.
0: Timer 1 overflows used for receive clock.
1: Timer 2 overflows used for receive clock.

Bit4:  TCLK: Transmit Clock Flag.
Selects which timer is used for the UART’s transmit clock in modes 1 or 3.
0: Timer 1 overflows used for transmit clock.
1: Timer 2 overflows used for transmit clock.

Bit3:  EXEN2: Timer 2 External Enable.
Enables high-to-low transitions on T2EX to trigger captures or reloads when Timer 2 is not
operating in Baud Rate Generator mode.
0: High-to-low transitions on T2EX ignored.
1: High-to-low transitions on T2EX cause a capture or reload.

Bit2:  TR2: Timer 2 Run Control.
This bit enables/disables Timer 2.
0: Timer 2 disabled.
1: Timer 2 enabled.

Bitl:  C/T2: Counter/Timer Select.
0: Timer Function: Timer 2 incremented by clock defined by T2M (CKCON.5).
1: Counter Function: Timer 2 incremented by high-to-low transitions on external input pin
(T2).

Bit0:  CP/RL2: Capture/Reload Select.
This bit selects whether Timer 2 functions in capture or auto-reload mode. EXEN2 must
be logic 1 for high-to-low transitions on T2EX to be recognized and used to trigger
captures or reloads. If RCLK or TCLK is set, this bit is ignored and Timer 2 will function
in auto-reload mode.
0: Auto-reload on Timer 2 overflow or high-to-low transition at T2EX (EXEN2 = 1).
1: Capture on high-to-low transition at T2EX (EXEN2 = 1).

SILICON LABS Rev. 1.7 150



C8051F000/1/2/5/6/7
C8051F010/1/2/5/6/7

Figure 20.9. PCAOMD: PCA Mode Register

RIW R/IW R/IW RIW R/IW RIW R/IW RIW Reset Value
[ cibL | - | - | - | - | cpsi1 | cpso | ECF | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xD9
Bit7:  CIDL: PCA Counter/Timer Idle Control.
Specifies PCA behavior when CPU is in Idle Mode.
0: PCA continues to function normally while the system controller is in Idle Mode.
1: PCA operation is suspended while the system controller is in Idle Mode.
Bits6-3: UNUSED. Read = 0000b, Write = don’t care.
Bits2-1: CPS1-CPSO0: PCA Counter/Timer Pulse Select.
These bits select the timebase source for the PCA counter.
CPS1 CPSO | Timebase
0 0 System clock divided by 12
0 1 System clock divided by 4
1 0 Timer 0 overflow
1 1 High-to-low transitions on ECI (max rate = system clock divided by 4)
Bit0:  ECF: PCA Counter/Timer Overflow Interrupt Enable.

This bit sets the masking of the PCA Counter/Timer Overflow (CF) interrupt.
0: Disable the CF interrupt.
1: Enable a PCA Counter/Timer Overflow interrupt request when CF (PCAOCN.7) is set.
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