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5.3. Modes of Operation

ADCO has a maximum conversion speed of 200 ksps. The ADCO conversion clock is a divided version of
the system clock, determined by the ADOSC bits in the ADCOCF register (system clock divided by
(ADOSC + 1) for 0 < ADOSC < 31).

5.3.1. Starting a Conversion

A conversion can be initiated in one of five ways, depending on the programmed states of the ADCO Start
of Conversion Mode hits (ADOCM2-0) in register ADCOCN. Conversions may be initiated by one of the fol-
lowing:

Writing a ‘1’ to the ADOBUSY bit of register ADCOCN
A Timer 0 overflow (i.e., timed continuous conversions)
A Timer 2 overflow

A Timer 1 overflow

A rising edge on the CNVSTR input signal (pin P0.6)
A Timer 3 overflow

oukrwnkE

Writing a ‘1’ to ADOBUSY provides software control of ADCO whereby conversions are performed "on-
demand". During conversion, the ADOBUSY bit is set to logic 1 and reset to logic 0 when the conversion is
complete. The falling edge of ADOBUSY triggers an interrupt (when enabled) and sets the ADCO interrupt
flag (ADOINT). Note: When polling for ADC conversion completions, the ADCO interrupt flag (ADOINT)
should be used. Converted data is available in the ADCO data registers, ADCOH:ADCOL, when bit ADOINT
is logic 1. Note that when Timer 2 or Timer 3 overflows are used as the conversion source, Low Byte over-
flows are used if Timer 2/3 is in 8-bit mode; High byte overflows are used if Timer 2/3 is in 16-bit mode. See
Section “17. Timers” on page 187 for timer configuration.

Important Note About Using CNVSTR: The CNVSTR input pin also functions as Port pin P0.6. When the
CNVSTR input is used as the ADCO conversion source, Port pin P0.6 should be skipped by the Digital
Crossbar. To configure the Crossbar to skip P0.6, set to ‘1’ Bit6 in register POSKIP. See Section “13. Port
Input/Output” on page 129 for details on Port I/O configuration.
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NOTES:
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SFR Definition 7.3. CPTOMD: Comparator0O Mode Selection

R/IW R/IW R/W R/IW R/IW R/W R/IW R/W Reset Value
- | - |cPoRE[cCPoFE| - [ - |CPOMD1[CPOMDO | 00000010
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:

0x9D

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

Bit5: CPORIE: Comparator Rising-Edge Interrupt Enable.
0: Comparator rising-edge interrupt disabled.
1: Comparator rising-edge interrupt enabled.

Bit4: CPOFIE: Comparator Falling-Edge Interrupt Enable.
0: Comparator falling-edge interrupt disabled.
1: Comparator falling-edge interrupt enabled.

Bits1-0: CPOMD1-CPOMDO: ComparatorO Mode Select
These bits select the response time for ComparatorO.

Mode | CPOMD1 | CPOMDO CPO Response Time (TYP)
0 0 0 Fastest Response Time
1 0 1 —
2 1 0 —
3 1 1 Lowest Power Consumption
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SFR Definition 7.4. CPT1CN: Comparatorl Control

RIW R R/W RIW R/W R/W RIW R/W Reset Value
CP1EN | CP10OUT | CPIRIF | CPIFIF |CP1HYP1|CP1HYPO|CP1HYN1|CP1HYNO| 00000000
Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
Ox9A
Bit7: CP1EN: Comparatorl Enable Bit.

0: Comparatorl Disabled.
1: Comparatorl Enabled.
Bit6: CP1OUT: Comparatorl Output State Flag.
0: Voltage on CP1+ < CP1-.
1: Voltage on CP1+ > CP1-.
Bit5: CP1RIF: Comparatorl Rising-Edge Interrupt Flag.
0: No Comparatorl Rising Edge Interrupt has occurred since this flag was last cleared.
1: Comparatorl Rising Edge Interrupt has occurred.
Bit4: CP1FIF: Comparatorl Falling-Edge Interrupt Flag.
0: No Comparatorl Falling-Edge Interrupt has occurred since this flag was last cleared.
1: Comparatorl Falling-Edge Interrupt has occurred.
Bits3—2: CP1HYP1-0: Comparatorl Positive Hysteresis Control Bits.
00: Positive Hysteresis Disabled.
01: Positive Hysteresis =5 mV.
10: Positive Hysteresis = 10 mV.
11: Positive Hysteresis = 20 mV.
Bits1-0: CP1HYN1-0: Comparatorl Negative Hysteresis Control Bits.
00: Negative Hysteresis Disabled.
01: Negative Hysteresis =5 mV.
10: Negative Hysteresis = 10 mV.
11: Negative Hysteresis = 20 mV.
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Table 8.1. CIP-51 Instruction Set Summary (Continued)

. . Clock
Mnemonic Description Bytes Cycles
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 A, Rn 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
CLR A Clear A 1 1
CPLA Complement A 1 1
RL A Rotate A left 1 1
RLC A 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
MOV A, direct Move direct byte to A
MOV A, @Ri Move indirect RAM to A
MOV A, #data Move immediate to A
MOV Rn, A Move A to Register

MOV Rn, direct

Move direct byte to Register

MOV Rn, #data

Move immediate to Register

MOV direct, A

Move A to direct byte

MOQV direct, Rn

Move Register to direct byte

MOV direct, direct

Move direct byte to direct byte

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, #datal6

Load DPTR 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 external data (16-bit address)

NERINNPRPRPERPERRERERWNN R WNWNDNNN RPN RPN P

NN N W WWWWWWwNNNWNWNNNNERINNN P

PUSH direct Push direct byte onto stack

POP direct Pop direct byte from stack

XCH A, Rn Exchange Register with A

XCH A, direct Exchange direct byte with A
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SFR Definition 8.8. IP: Interrupt Priority

R/W

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

R/W

R/IW Reset Value

PSPIO [ PT2 | PSO | PT1 | PX1 |

PTO

| PX0 | 10000000

Bit7

Bit7:

Bit6:

Bit5:

Bit4:

Bit3:

Bit2:

Bitl:

BitO:

Bit6 Bit5 Bit4 Bit3 Bit2

UNUSED. Read = 1, Write = don't care.

Bitl

PSPI0: Serial Peripheral Interface (SPIO) Interrupt Priority Control.

This bit sets the priority of the SPI0 interrupt.

0: SPIO0 interrupt set to low priority level.

1: SPIO interrupt set to high priority level.

PT2: Timer 2 Interrupt Priority Control.

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

1: Timer 2 interrupts set to high priority level.
PS0: UARTO Interrupt Priority Control.

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

1: UARTO interrupts set to high priority level.
PT1: Timer 1 Interrupt Priority Control.

This bit sets the priority of the Timer 1 interrupt.
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 interrupt.
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 O interrupt.
0: Timer O interrupt set to low 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 interrupt.
0: External Interrupt O set to low priority level.
1: External Interrupt O set to high priority level.

Bit0 SFR Address:
(bit addressable) 0xB8

98
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8.4.2. 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 execution. In Stop mode the internal oscillator, CPU, and all digital peripher-
als 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 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 in STOP mode for longer than the
MCD timeout of 100 psec.

SFR Definition 8.12. PCON: Power Control

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

GF5 GF4 | GF3 | GF2 | GF1 | GFO [ STOP | IDLE |00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0x87

Bits7—2: GF5—-GFO0: General Purpose Flags 5-0.
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: CPU goes into Stop mode (internal oscillator stopped).
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: CPU 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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SFR Definition 13.9. PAMDOUT: Portl Output Mode

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ \ \ \oooooooo
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO SFR Address:
OXA5

Bits7—0: Output Configuration Bits for P1.7-P1.0 (respectively): ignored if corresponding bit in regis-
ter PLMDIN is logic O.
0: Corresponding P1.n Output is open-drain.
1: Corresponding P1.n Output is push-pull.

Note: Only P1.0-P1.5 are associated with Port pins on the C8051F316/7 devices.

SFR Definition 13.10. P1SKIP: Portl Skip

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | \ \ \ | ‘F310/1/2/3/4/5:
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO 00000000
‘F316/7:
11000000
SFR Address:
0xD5

Bits7—0: P1SKIP[7:0]: Portl Crossbar Skip Enable Bits.
These bits select Port pins to be skipped by the Crossbar Decoder. Port pins used as ana-
log inputs (for ADC or Comparator) or used as special functions (VREF input, external oscil-
lator circuit, CNVSTR input) should be skipped by the Crossbar.
0: Corresponding P1.n pin is not skipped by the Crossbar.
1: Corresponding P1.n pin is skipped by the Crossbar.

Note: Only P1.0—P1.5 are associated with Port pins on the C8051F316/7 devices. Hence, in C8051F316/7
devices, user code writing to this SFR should always set P1SKIP[7:6] = 11b so that those two pins are
skipped by the crossbar decoder.
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SFR Definition 14.1. SMBOCF: SMBus Clock/Configuration

RIW RIW R RIW R/W R/W RIW RIW Reset Value
ENSMB | INH | BUSY [EXTHOLD|SMBTOE | SMBFTE [ SMBCS1 | SMBCS0 |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

SFR Address: 0xC1

Bit7: ENSMB: SMBus Enable.
This bit enables/disables the SMBus interface. When enabled, the interface constantly mon-
itors the SDA and SCL pins.
0: SMBus interface disabled.
1: SMBus interface enabled.

Bit6: INH: SMBus Slave Inhibit.
When this bit is set to logic 1, the SMBus does not generate an interrupt when slave events
occur. This effectively removes the SMBus slave from the bus. Master Mode interrupts are
not affected.
0: SMBus Slave Mode enabled.
1: SMBus Slave Mode inhibited.

Bit5: BUSY: SMBus Busy Indicator.
This bit is set to logic 1 by hardware when a transfer is in progress. It is cleared to logic 0
when a STOP or free-timeout is sensed.

Bit4: EXTHOLD: SMBus Setup and Hold Time Extension Enable.
This bit controls the SDA setup and hold times according to Table 14.2.
0: SDA Extended Setup and Hold Times disabled.
1: SDA Extended Setup and Hold Times enabled.

Bit3: SMBTOE: SMBus SCL Timeout Detection Enable.
This bit enables SCL low timeout detection. If set to logic 1, the SMBus forces Timer 3 to
reload while SCL is high and allows Timer 3 to count when SCL goes low. If Timer 3 is con-
figured in split mode (T3SPLIT is set), only the high byte of Timer 3 is held in reload while
SCL is high. Timer 3 should be programmed to generate interrupts at 25 ms, and the
Timer 3 interrupt service routine should reset SMBus communication.

Bit2: SMBFTE: SMBus Free Timeout Detection Enable.
When this bit is set to logic 1, the bus will be considered free if SCL and SDA remain high for
more than 10 SMBus clock source periods.

Bits1-0: SMBCS1-SMBCSO0: SMBus Clock Source Selection.
These two bits select the SMBus clock source, which is used to generate the SMBus bit
rate. The selected device should be configured according to Equation 14.1.

SMBCS1 | SMBCSO 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
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14.4.2. SMBOCN Control Register

SMBOCN is used to control the interface and to provide status information (see SFR Definition 14.2). The
higher four bits of SMBOCN (MASTER, TXMODE, STA, and STO) form a status vector that can be used to
jump to service routines. MASTER and TXMODE indicate the master/slave state and transmit/receive
modes, respectively.

STA and STO indicate that a START and/or STOP has been detected or generated since the last SMBus
interrupt. STA and STO are also used to generate START and STOP conditions when operating as a mas-
ter. Writing a ‘1’ to STA will cause the SMBus interface to enter Master Mode and generate a START when
the bus becomes free (STA is not cleared by hardware after the START is generated). Writing a ‘1’ to STO
while in Master Mode will cause the interface to generate a STOP and end the current transfer after the
next ACK cycle. If STO and STA are both set (while in Master Mode), a STOP followed by a START will be
generated.

As a receiver, writing the ACK bit defines the outgoing ACK value; as a transmitter, reading the ACK bit
indicates the value received on the last ACK cycle. ACKRQ is set each time a byte is received, indicating
that an outgoing ACK value is needed. When ACKRQ is set, software should write the desired outgoing
value to the ACK bit before clearing SI. A NACK will be generated if software does not write the ACK bit
before clearing SI. SDA will reflect the defined ACK value immediately following a write to the ACK bit;
however SCL will remain low until Sl is cleared. If a received slave address is not acknowledged, further
slave events will be ignored until the next START is detected.

The ARBLOST bit indicates that the interface has lost an arbitration. This may occur anytime the interface
is transmitting (master or slave). A lost arbitration while operating as a slave indicates a bus error condi-
tion. ARBLOST is cleared by hardware each time Sl is cleared.

The Sl bit (SMBus Interrupt Flag) is set at the beginning and end of each transfer, after each byte frame, or
when an arbitration is lost; see Table 14.3 for more details.

Important Note About the SI Bit: The SMBus interface is stalled while Sl is set; thus SCL is held low, and
the bus is stalled until software clears SI.

Table 14.3 lists all sources for hardware changes to the SMBOCN bits. Refer to Table 14.4 for SMBus sta-
tus decoding using the SMBOCN register.

Rev. 1.7 153

SILICON LABS



C8051F310/1/2/3/415/6/7

Table 15.1. Timer Settings for Standard Baud Rates
Using the Internal Oscillator

Frequency: 24.5 MHz
Target Baud Rate | Oscilla- | Timer Clock | SCA1-SCAO | TIM* | Timer 1
Baud Rate % Error tor Divide Source (pre-scale Reload Value
(bps) Factor select)* (hex)
230400 -0.32% 106 SYSCLK XX 1 0xCB
115200 -0.32% 212 SYSCLK XX 1 0x96
57600 0.15% 426 SYSCLK XX 1 0x2B
g 5 28800 -0.32% 848 SYSCLK /4 01 0 0x96
=8 14400 0.15% 1704 SYSCLK /12 00 0 0xB9
X = 9600 —-0.32% 2544 SYSCLK /12 00 0 0x96
8 % 2400 -0.32% 10176 | SYSCLK/ 48 10 0 0x96
<>,'> IS 1200 0.15% 20448 | SYSCLK/ 48 10 0 0x2B
X = Don't care
*Note: SCA1-SCAO and T1M bit definitions can be found in Section 17.1.
Table 15.2. Timer Settings for Standard Baud Rates
Using an External 25 MHz Oscillator
Frequency: 25.0 MHz
Target Baud Rate | Oscilla- | Timer Clock | SCAL-SCAQ | T1M* Timer 1
Baud Rate % Error |tor Divide Source (pre-scale Reload Value
(bps) Factor select)* (hex)
230400 —0.47% 108 SYSCLK XX 1 OxCA
115200 0.45% 218 SYSCLK XX 1 0x93
57600 -0.01% 434 SYSCLK XX 1 0x27
g g 28800 0.45% 872 SYSCLK /4 01 0 0x93
=0 14400 -0.01% 1736 SYSCLK /4 01 0 0x27
X < 9600 0.15% 2608 EXTCLK /8 11 0 0x5D
? 3 2400 0.45% 10464 | SYSCLK /48 10 0 0x93
5 i 1200 —-0.01% 20832 | SYSCLK/ 48 10 0 0x27
s 57600 —0.47% 432 EXTCLK 8 11 0 OXE5
23 28800 —0.47% 864 EXTCLK /8 11 0 OxCA
X % 14400 0.45% 1744 EXTCLK /8 11 0 0x93
O c
Q g 9600 0.15% 2608 EXTCLK /8 11 0 0x5D
n £
X = Don't care
*Note: SCA1-SCAO and T1M bit definitions can be found in Section 17.1.
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Table 15.3. Timer Settings for Standard Baud Rates
Using an External 22.1184 MHz Oscillator

SILICON LABS

Frequency: 22.1184 MHz
Target Baud Rate | Oscilla- | Timer Clock | SCAL-SCAOQ | T1IM* Timer 1
Baud Rate % Error | tor Divide Source (pre-scale Reload Value
(bps) Factor select)* (hex)
230400 0.00% 96 SYSCLK XX 1 0xDO
115200 0.00% 192 SYSCLK XX 1 OxA0
57600 0.00% 384 SYSCLK XX 1 0x40
g J 28800 0.00% 768 SYSCLK /12 00 0 OXEO
i O 14400 0.00% 1536 SYSCLK /12 00 0 0xCO
d g 9600 0.00% 2304 SYSCLK /12 00 0 OxAO0
(] 2400 0.00% 9216 SYSCLK /48 10 0 OxAO0
% a 1200 0.00% 18432 SYSCLK /48 10 0 0x40
230400 0.00% 96 EXTCLK /8 11 0 OXFA
g S 115200 0.00% 192 EXTCLK /8 11 0 OxF4
i 8 57600 0.00% 384 EXTCLK /8 11 0 OXE8
d ‘_._5 28800 0.00% 768 EXTCLK /8 11 0 0xDO
"5 14400 0.00% 1536 EXTCLK /8 11 0 OxAO0
6 E 9600 0.00% 2304 EXTCLK /8 11 0 0x70
X = Don't care
*Note: SCA1-SCAO and T1M bit definitions can be found in Section 17.1.
Table 15.4. Timer Settings for Standard Baud Rates
Using an External 18.432 MHz Oscillator
Frequency: 18.432 MHz
_Target Baud Rate | Oscilla- | Timer Clock | SCAL-SCAO | T1M* Timer 1
Baud Rate % Error | tor Divide Source (pre-scale Reload
(bps) Factor select)* Value (hex)
230400 0.00% 80 SYSCLK XX 1 0xD8
115200 0.00% 160 SYSCLK XX 1 0xBO
57600 0.00% 320 SYSCLK XX 1 0x60
g % 28800 0.00% 640 SYSCLK /4 01 0 0xBO
i 9 14400 0.00% 1280 SYSCLK /4 01 0 0x60
d “ 9600 0.00% 1920 SYSCLK /12 00 0 0xBO
N o 2400 0.00% 7680 SYSCLK /48 10 0 0xBO
5) ai 1200 0.00% 15360 | SYSCLK/ 48 10 0 0x60
230400 0.00% 80 EXTCLK/ 8 11 0 OXFB
g S 115200 0.00% 160 EXTCLK /8 11 0 OxF6
;: 8 57600 0.00% 320 EXTCLK /8 11 0 OxEC
d E 28800 0.00% 640 EXTCLK /8 11 0 0xD8
N g 14400 0.00% 1280 EXTCLK /8 11 0 0xBO
o E 9600 0.00% 1020 | EXTCLK/8 11 0 0x88
X = Don't care
*Note: SCA1-SCAO and T1M bit definitions can be found in Section 17.1.
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16.1. Signal Descriptions
The four signals used by SPI0 (MOSI, MISO, SCK, NSS) are described below.

16.1.1. Master Out, Slave In (MOSI)

The master-out, slave-in (MOSI) signal is an output from a master device and an input to slave devices. It
is used to serially transfer data from the master to the slave. This signal is an output when SPIO is operat-
ing as a master and an input when SPIO is operating as a slave. Data is transferred most-significant bit
first. When configured as a master, MOSI is driven by the MSB of the shift register in both 3- and 4-wire
mode.

16.1.2. Master In, Slave Out (MISO)

The master-in, slave-out (MISO) signal is an output from a slave device and an input to the master device.
It is used to serially transfer data from the slave to the master. This signal is an input when SPIO0 is operat-
ing as a master and an output when SPIO is operating as a slave. Data is transferred most-significant bit
first. The MISO pin is placed in a high-impedance state when the SPI module is disabled and when the SPI
operates in 4-wire mode as a slave that is not selected. When acting as a slave in 3-wire mode, MISO is
always driven by the MSB of the shift register.

16.1.3. Serial Clock (SCK)

The serial clock (SCK) signal is an output from the master device and an input to slave devices. It is used
to synchronize the transfer of data between the master and slave on the MOSI and MISO lines. SPIO gen-
erates this signal when operating as a master. The SCK signal is ignored by a SPI slave when the slave is
not selected (NSS = 1) in 4-wire slave mode.

16.1.4. Slave Select (NSS)

The function of the slave-select (NSS) signal is dependent on the setting of the NSSMD1 and NSSMDO
bits in the SPIOCN register. There are three possible modes that can be selected with these bits:

 NSSMD[1:0] = 00: 3-Wire Master or 3-Wire Slave Mode: SPI0 operates in 3-wire mode, and NSS is
disabled. When operating as a slave device, SPI0 is always selected in 3-wire mode. Since no select
signal is present, SPI0 must be the only slave on the bus in 3-wire mode. This is intended for point-to-
point communication between a master and one slave.

 NSSMD[1:0] = 01: 4-Wire Slave or Multi-Master Mode: SPIO operates in 4-wire mode, and NSS is
enabled as an input. When operating as a slave, NSS selects the SPI0 device. When operating as a
master, a 1-to-0 transition of the NSS signal disables the master function of SPI0 so that multiple mas-
ter devices can be used on the same SPI bus.

* NSSMD[1:0] = 1x: 4-Wire Master Mode: SPIO0 operates in 4-wire mode, and NSS is enabled as an out-
put. The setting of NSSMDO determines what logic level the NSS pin will output. This configuration
should only be used when operating SPIO as a master device.

See Figure 16.2, Figure 16.3, and Figure 16.4 for typical connection diagrams of the various operational
modes. Note that the setting of NSSMD bits affects the pinout of the device. When in 3-wire master or
3-wire slave mode, the NSS pin will not be mapped by the crossbar. In all other modes, the NSS signal will
be mapped to a pin on the device. See Section “13. Port Input/Output” on page 129 for general purpose
port 1/O and crossbar information.
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17.1.2. 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.

17.1.3. Mode 2: 8-bit Counter/Timer with Auto-Reload

Mode 2 configures Timer 0 and Timer 1 to operate as 8-bit counter/timers with automatic reload of the start
value. TLO holds the count and THO holds the reload value. When the counter in TLO overflows from alll
ones to 0x00, the timer overflow flag TFO (TCON.5) is set and the counter in TLO is reloaded from THO. If
Timer O interrupts are enabled, an interrupt will occur when the TFO flag is set. The reload value in THO is
not changed. TLO must be initialized to the desired value before enabling the timer for the first count to be
correct. When in Mode 2, Timer 1 operates identically to Timer 0.

Both counter/timers are enabled and configured in Mode 2 in the same manner as Mode 0. Setting the
TRO bit (TCON.4) enables the timer when either GATEO (TMOD.3) is logic 0 or when the input signal /INTO
is active as defined by bit INOPL in register ITO1CF (see Section “8.3.2. External Interrupts” on page 95
for details on the external input signals /INTO and /INT1).

CKCON TMOD INTOLCF
TESIs| [Sle[rrlelcT| T
alal2l2l1lolclcl 1Al 7{|2|al/{ofo] |N{N{N[n[NIN|N|N
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i z| [EL
| 8 1
: Crossbar 8 ||$8
|
: TH_O < Reload
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Figure 17.2. TO Mode 2 Block Diagram
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SFR Definition 17.1. TCON: Timer Control

R/W R/IW R/W R/W R/IW R/W R/IW R/IW Reset Value
TF1 TRL | TFO | TRO | E1 [ IT1 [ IEO [ ITO |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:

(bit addressable) 0x88

Bit7: TF1: Timer 1 Overflow Flag.
Set by hardware when Timer 1 overflows. This flag can be cleared by software but is auto-
matically cleared when the CPU vectors to the Timer 1 interrupt service routine.
0: No Timer 1 overflow detected.
1: Timer 1 has overflowed.

Bit6: TR1: Timer 1 Run Control.
0: Timer 1 disabled.
1: Timer 1 enabled.

Bit5: TFO: Timer 0 Overflow Flag.
Set by hardware when Timer 0 overflows. This flag can be cleared by software but is auto-
matically cleared when the CPU vectors to the Timer O interrupt service routine.
0: No Timer 0 overflow detected.
1: Timer 0 has overflowed.

Bit4: TRO: Timer 0 Run Control.
0: Timer O disabled.
1: Timer O enabled.

Bit3: IE1: External Interrupt 1.
This flag is set by hardware when an edge/level of type defined by IT1 is detected. It can be
cleared by software but is automatically cleared when the CPU vectors to the External Inter-
rupt 1 service routine if IT1 = 1. When IT1 = 0, this flag is set to ‘1’ when /INT1 is active as
defined by bit IN1PL in register ITO1CF (see SFR Definition 8.11).

Bit2: IT1: Interrupt 1 Type Select.
This bit selects whether the configured /INT1 interrupt will be edge or level sensitive. /INT1
is configured active low or high by the IN1PL bit in the ITOLCF register (see SFR Definition
8.11).
0: /INT1 is level triggered.
1: /INT1 is edge triggered.

Bit1: IEO: External Interrupt O.
This flag is set by hardware when an edge/level of type defined by ITO is detected. It can be
cleared by software but is automatically cleared when the CPU vectors to the External Inter-
rupt O service routine if ITO = 1. When ITO = 0, this flag is set to ‘1’ when /INTO is active as
defined by bit INOPL in register ITO1CF (see SFR Definition 8.11).

Bit0: ITO: Interrupt O Type Select.
This bit selects whether the configured /INTO interrupt will be edge or level sensitive. /INTO
is configured active low or high by the INOPL bit in register ITOLCF (see SFR Definition
8.11).
0: /INTO is level triggered.
1: /INTO is edge triggered.
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18. Programmable Counter Array

The Programmable Counter Array (PCAO) provides enhanced timer functionality while requiring less CPU
intervention than the standard 8051 counter/timers. The PCA consists of a dedicated 16-bit counter/timer
and five 16-bit capture/compare modules. Each capture/compare module has its own associated I/O line
(CEXn) which is routed through the Crossbar to Port /O when enabled (See Section “13.1. Priority
Crossbar Decoder” on page 131 for details on configuring the Crossbar). The counter/timer is driven by
a programmable timebase that can select between six sources: system clock, system clock divided by four,
system clock divided by twelve, the external oscillator clock source divided by 8, Timer 0 overflow, or an
external clock signal on the ECI input pin. Each capture/compare module may be configured to operate
independently in one of six modes: Edge-Triggered Capture, Software Timer, High-Speed Output, Fre-
guency Output, 8-Bit PWM, or 16-Bit PWM (each mode is described in Section “18.2. Capture/Compare
Modules” on page 205). The external oscillator clock option is ideal for real-time clock (RTC) functionality,
allowing the PCA to be clocked by a precision external oscillator while the internal oscillator drives the sys-
tem clock. The PCA is configured and controlled through the system controller's Special Function Regis-
ters. The PCA block diagram is shown in Figure 18.1

Important Note: The PCA Module 4 may be used as a watchdog timer (WDT), and is enabled in this mode
following a system reset. Access to certain PCA registers is restricted while WDT mode is enabled. See
Section 18.3 for details.
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Figure 18.1. PCA Block Diagram
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18.4. Register Descriptions for PCA

Following are detailed descriptions of the special function registers related to the operation of the PCA.

SFR Definition 18.1. PCAOCN: PCA Control

R/IW R/IW R/W R/IW R/IW R/W R/IW RIW Reset Value
CF CR | | CCF4 | CCF3 | CCF2 | CCF1 | CCFO |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:

(bit addressable) ~ 0xD8

Bit7: CF: PCA Counter/Timer Overflow Flag.
Set by hardware when the PCA Counter/Timer overflows from OxFFFF to 0x0000. When the
Counter/Timer Overflow (CF) interrupt is enabled, setting this bit causes the CPU to vector
to the PCA interrupt service routine. This bit is not automatically cleared by hardware and
must be cleared by software.

Bit6: CR: PCA Counter/Timer Run Control.
This bit enables/disables the PCA Counter/Timer.
0: PCA Counter/Timer disabled.
1: PCA Counter/Timer enabled.

Bit5: UNUSED. Read = 0b, Write = don't care.

Bit4: CCF4: PCA Module 4 Capture/Compare Flag.
This bit is set by hardware when a match or capture occurs. When the CCF4 interrupt is
enabled, setting this bit causes the CPU to vector to the PCA interrupt service routine. This
bit is not automatically cleared by hardware and must be cleared by software.

Bit3: CCF3: PCA Module 3 Capture/Compare Flag.
This bit is set by hardware when a match or capture occurs. When the CCF3 interrupt is
enabled, setting this bit causes the CPU to vector to the PCA interrupt service routine. This
bit is not automatically cleared by hardware and must be cleared by software.

Bit2: CCF2: PCA Module 2 Capture/Compare Flag.
This bit is set by hardware when a match or capture occurs. When the CCF2 interrupt is
enabled, setting this bit causes the CPU to vector to the PCA interrupt service routine. This
bit is not automatically cleared by hardware and must be cleared by software.

Bit1: CCF1: PCA Module 1 Capture/Compare Flag.
This bit is set by hardware when a match or capture occurs. When the CCF1 interrupt is
enabled, setting this bit causes the CPU to vector to the PCA interrupt service routine. This
bit is not automatically cleared by hardware and must be cleared by software.

Bit0: CCFO0: PCA Module 0 Capture/Compare Flag.
This bit is set by hardware when a match or capture occurs. When the CCFO interrupt is
enabled, setting this bit causes the CPU to vector to the PCA interrupt service routine. This
bit is not automatically cleared by hardware and must be cleared by software.
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C2 Register Definition 20.3. REVID: C2 Revision ID

Reset Value

‘ ‘ | ‘ ‘ | ‘ ‘ Variable
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

This read-only register returns the 8-bit revision ID.

C2 Register Definition 20.4. FPCTL: C2 Flash Programming Control

Reset Value

| | | | | | | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bits7-0 FPCTL: Flash Programming Control Register.
This register is used to enable Flash programming via the C2 interface. To enable C2 Flash
programming, the following codes must be written in order: 0x02, 0x01. Note that once C2
Flash programming is enabled, a system reset must be issued to resume normal operation.

C2 Register Definition 20.5. FPDAT: C2 Flash Programming Data

Reset Value

\ \ | \ \ | \ \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO

Bits7—0: FPDAT: C2 Flash Programming Data Register.
This register is used to pass Flash commands, addresses, and data during C2 Flash
accesses. Valid commands are listed below.

Code Command
0x06 |Flash Block Read

0x07 |Flash Block Write

0x08 |Flash Page Erase

0x03 |Device Erase
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