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1.8. Comparators and DACs

The C8051F000 MCU Family has two 12-bit DACs and two comparators on chip (the second comparator, CP1, is
not bonded out on the F002, FOO7, FO12, and FO17). The MCU data and control interface to each comparator and
DAC is via the Special Function Registers. The MCU can place any DAC or comparator in low power shutdown
mode.

The comparators have software programmable hysteresis. Each comparator can generate an interrupt on its rising
edge, falling edge, or both. The comparators’ output state can also be polled in software. These interrupts are
capable of waking up the MCU from idle mode. The comparator outputs can be programmed to appear on the Port
1/O pins via the Crossbar.

The DACs are voltage output mode and use the same voltage reference as the ADC. They are especially useful as
references for the comparators or offsets for the differential inputs of the ADC.

Figure 1.11. Comparator and DAC Diagram
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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 4.1. TQFP-64 Pinout Diagram
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Figure 4.2. TQFP-64 Package Drawing
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Figure 4.5. LQFP-32 Pinout Diagram
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5.2.  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 5.9) 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 5.2. 12-Bit ADC Track and Conversion Example Timing

A. ADC Timing for External Trigger Source
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B. ADC Timing for Internal Trigger Sources
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Figure 5.5. AMXO0SL: AMUX Channel Select Register (C8051F00x)

R/W RIW RIW R/W R/W R/W R/W R/W Reset Value
[ - - ] - - | AMXAD3 | AMXAD2 | AMXAD1 | AMXADO | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xBB
Bits7-4: UNUSED. Read = 0000b; Write = don’t care
Bits3-0: AMXAD3-0: AMUX Address Bits
0000-1111: ADC Inputs selected per chart below
AMXAD3-0
0000 0001 0010 0011 0100 0101 0110 0111 XXX
':‘/I 0000 | Ao AIN1 AIN2 AIN3 AIN4 AINS AING AINT | IEVE
é( 0001 f((ﬁl'mf)) AIN2 AIN3 AIN4 AINS AING AINT | JEVE
I(:: 0010 | Amo AIN1 f((ﬁl'mg)) AIN4 AINS AING ANT | TP
s | 0011 f((ﬁl'mf)) f((ﬁl'NNg)) AIN4 AINS AING ANT | JEVE
|
g 0100 | Amo AIN1 AIN2 AIN3 J.r((ﬁmé)) AING AINT | TP
) 0101 f((ﬁl'mf)) AIN2 AIN3 J_'((ﬁl'NNg)) AING ANT | JEVE
' om0 | e | v | e s
+(AINO) +(AIN2) +(AIN4) TEMP
0111 -(AIN1) -(AIN3) -(AIN5) AING AIN7 SENSOR
1000 | Ao AIN1 AIN2 AIN3 AIN4 AINS f((ﬁl'm?)) SESOR
1001 f((ﬁl'mf)) AIN2 AIN3 AIN4 AIN5 f((:m?)) SR
1010 | Ao | any | A2 Ane | oas | SENSOR
+(AINO) +AIN2) +(AING) TEMP
1011 -(AIN1) -(AIN3) AlNg AINS ~(AIN7) SENSOR
1100 | Ao AIN1 AIN2 AIN3 J_’((ﬁl'ué)) Téf\\.'ﬁ'%’ SENSOR
+(AINO) +(AIN4) +(AING) TEMP
1101 | “(ainy AIN2 AINS 1 (aINS) -(AIN7) SENSOR
+AIN2) +(AIN4) +(AING) TEMP
1110 AINO AIN1 -(AIN3) -(AIN5) -(AINT) SENSOR
1111 | e +AIN2) +(AIN4) +(AINS) TEMP
-(AIN1) -(AIN3) -(AINS) -(AINT) SENSOR
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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
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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 7.2. DACOH: DACO High Byte Register
R/W R/W R/IW R/W R/W R/W R/W R/W Reset Value
I | I I | | | | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xD3

Bits7-0: DACO Data Word Most Significant Byte.

Figure 7.3. DACOL: DACO Low Byte Register

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

I I I I I | | | | 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xD2

Bits7-0: DACO Data Word Least Significant Byte.

Figure 7.4. DACOCN: DACO Control Register

RIW RIW RIW RIW RIW RIW RIW RIW Reset Value

[DACOEN [ - [ - [ - [ - ] DACODF2 | DACODFL | DACODFO | 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xD4

Bit7:  DACOEN: DACO Enable Bit
0: DACO Disabled. DACO Output pin is disabled; DACO is in low power shutdown mode.
1: DACO Enabled. DACO Output is pin active; DACO is operational.
Bits6-3: UNUSED. Read = 0000b; Write = don’t care
Bits2-0: DACODF2-0: DACO Data Format Bits
000: The most significant nybble of the DACO Data Word is in DACOH[3:0], while the least significant
byte is in DACOL.
DACOH DACOL

I I I [ msB | I I I I I I I I [ LsB
001: The most significant 5-bits of the DACO Data Word is in DACOH[4:0], while the least significant
7-bits is in DACOL[7:1].
DACOH DACOL

| I [ MsB_| | | | I I I | | [ LsB |
010: The most significant 6-bits of the DACO Data Word is in DACOH[5:0], while the least significant
6-bits is in DACOL[7:2].
DACOH DACOL

| [ msB | I | | | | | I | [ LsB | I
011: The most significant 7-bits of the DACO Data Word is in DACOH]6:0], while the least significant
5-bits is in DACOL[7:3].
DACOH DACOL
| msB | I | I I I I I | | LsB | I |
1xx: The most significant byte of the DACO Data Word is in DACOH, while the least significant nybble
is in DACOL[7:4].
DACOH DACOL

MsB_| | | I | | tss | I
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Figure 10.13. EIP1: Extended Interrupt Priority 1

RIW RIW RIW R/IW RIW RIW RIW RIW

Reset Value

PCPIR | PcPiF | PcPOR | PCPOF | PPCAO | PWADCO | PSMBO | PSPIO

| 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bit7:  PCP1R: Comparator 1 (CP1) Rising Interrupt Priority Control.
This bit sets the priority of the CP1 interrupt.

0: CP1 rising interrupt set to low priority level.

1: CP1 rising interrupt set to high priority level.

Bit6:  PCP1F: Comparator 1 (CP1) Falling Interrupt Priority Control.
This bit sets the priority of the CP1 interrupt.

0: CP1 falling interrupt set to low priority level.

1. CP1 falling interrupt set to high priority level.

Bit5:  PCPOR: Comparator 0 (CPO) Rising Interrupt Priority Control.
This bit sets the priority of the CPO interrupt.

0: CPO rising interrupt set to low priority level.

1: CPO rising interrupt set to high priority level.

Bit4:  PCPOF: Comparator 0 (CPO0) Falling Interrupt Priority Control.
This bit sets the priority of the CPO interrupt.

0: CPO falling interrupt set to low priority level.

1: CPO falling interrupt set to high priority level.

Bit3:  PPCAO: Programmable Counter Array (PCAO) Interrupt Priority Control.
This bit sets the priority of the PCAO interrupt.

0: PCAOQ interrupt set to low priority level.

1: PCAQ interrupt set to high priority level.

Bit2: PWADCO0: 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.

Bitl:  PSMBO0: SMBus 0 Interrupt Priority Control.
This bit sets the priority of the SMBus interrupt.
0: SMBus interrupt set to low priority level.

1: SMBus interrupt set to high priority level.
Bit0:  PSPIO: Serial Peripheral Interface O Interrupt Priority Control.
This bit sets the priority of the SPIO interrupt.

0: SPI0 interrupt set to low priority level.

1: SPIO interrupt set to high priority level.

SFR Address:
OxF6
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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.)

SILICON LABS
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Table 13.1. Reset Electrical Characteristics

-40°C to +85°C unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
/RST Output Low Voltage lo. =8.5mA, VDD = 2.7 to 3.6V 0.6 V
/RST Input High Voltage 0.7 x \
VDD
/RST Input Low Voltage 0.3 x \%
VDD
/RST Input Leakage Current | /RST = 0.0V 20 uA
VDD for /RST Output Valid 1.0 \
AV+ for /[RST Output Valid 1.0 \Y
VDD POR Threshold (Vgsr) 2.40 2.55 2.70 \
Reset Time Delay /RST rising edge after crossing reset 80 100 120 ms
threshold
Missing Clock Detector Time from last system clock to reset 100 220 500 us

Timeout

generation

SILICON LABS
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16. SMBus/ 12C Bus

The SMBus serial 1/0 interface is compliant with the System Management Bus Specification, version 1.1. It is a
two-wire, bi-directional serial bus, which is also compatible with the 1°C serial bus. Reads and writes to the
interface by the system controller are byte oriented with the SMBus interface autonomously controlling the serial
transfer of the data. Data can be transferred at up to 1/8™ of the system clock if desired (this can be faster than
allowed by the SMBus specification, depending on the system clock used). A method of extending the clock-low
duration is used to accommodate devices with different speed capabilities on the same bus.

Two types of data transfers are possible: data transfers from a master transmitter to an addressed slave receiver, and
data transfers from an addressed slave transmitter to a master receiver. The master device initiates both types of
data transfers and provides the serial clock pulses. The SMBus interface may operate as a master or a slave.
Multiple master devices on the same bus are also supported. If two or more masters attempt to initiate a data
transfer simultaneously, an arbitration scheme is employed with a single master always winning the arbitration.

Figure 16.1. SMBus Block Diagram

SFR Bus
SMBOCN SMBOSTA SMBOCR
B|E|S|S|S|A|F|T S(S|S[(s|S(S|S|S c(c|c|c|c|c|c|c
UIN|T|T|I|A|T|O T|(T|T|T|T(T|T|T R|R|R|R|R|R|R|R
S|S|A|O E|E= A[A|A[A|A[A|A|A 7/6|5(4|3(2|1|0
Y| M 7|6|5|4|3|2|1|0
B
4 A 4 AAAAAAAS iiiiiiii
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Logic
———-
Y Y @ SCL | l_‘E
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Mode 1 provides standard asynchronous, full duplex communication using a total of 10 bits per data byte: one start
bit, eight data bits (LSB first), and one stop bit (see the timing diagram in Figure 18.4). Data are transmitted from
the TX pin and received at the RX pin (see the interconnection diagram in Figure 18.5). On receive, the eight data
bits are stored in SBUF and the stop bit goes into RB8 (SCON.2).

Data transmission begins when an instruction writes a data byte to the SBUF register. The Tl Transmit Interrupt
Flag (SCON.1) is set at the end of the transmission (the beginning of the stop-bit time). Data reception can begin
any time after the REN Receive Enable bit (SCON.4) is set to logic 1. After the stop bit is received, the data byte
will be loaded into the SBUF receive register if the following conditions are met: Rl must be logic 0, and if SM2 is
logic 1, the stop bit must be logic 1.

If these conditions are met, the eight bits of data are stored in SBUF, the stop bit is stored in RB8, and the RI flag is
set. If these conditions are not met, SBUF and RB8 will not be loaded and the RI flag will not be set. An interrupt
will occur if enabled when either T1 or RI is set.

Figure 18.4. UART Mode 1 Timing Diagram

MARK START
BIT DO >< D1 >< D2 >< D3 >< D4 >< D5 >< D6 >< D7 STOP
SPACE — BIT
BITTIMES | I I I I I I I I I I
4 A A A A A A A A A
BIT SAMPLING | | | | | | | | | |

The baud rate generated in Mode 1 is a function of timer overflow. The UART can use Timer 1 operating in 8-bit
Counter/Timer with Auto-Reload Mode, or Timer 2 operating in Baud Rate Generator Mode to generate the baud
rate (note that the TX and RX clock sources are selected separately). On each timer overflow event (a rollover from
all ones (OxFF for Timer 1, OXFFFF for Timer 2) to zero), a clock is sent to the baud rate logic.

When Timer 1 is selected as a baud rate source, the SMOD bit (PCON.7) selects whether or not to divide the
Timer 1 overflow rate by two. On reset, the SMOD bit is logic 0, thus selecting the lower speed baud rate by
default. The SMOD bit affects the baud rate generated by Timer 1 as follows:

Mode 1 Baud Rate = (1/32) * T1L_OVERFLOWRATE (when the SMOD bit is set to logic 0).
Mode 1 Baud Rate = (1/16) * T1_OVERFLOWRATE (when the SMOD bit is set to logic 1).

When Timer 2 is selected as a baud rate source, the baud rate generated by Timer 2 is as follows:

Mode 1 Baud Rate = (1/16) * T2_ OVERFLOWRATE.
The Timer 1 overflow rate is determined by the Timer 1 clock source (T1CLK) and reload value (TH1). The
frequency of T1CLK can be selected as SYSCLK, SYSCLK/12, or an external clock source. The Timer 1 overflow
rate can be calculated as follows:

T1 _OVERFLOWRATE = T1CLK/ (256 — TH1).

For example, assume TMOD = 0x20.
If TLM (CKCON.4) is logic 1, then the above equation becomes:

T1_OVERFLOWRATE = (SYSCLK) / (256 — TH1).
If TLM (CKCON.4) is logic 0, then the above equation becomes:

T1_OVERFLOWRATE = (SYSCLK/12) / (256 — TH1).
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18.2.  Multiprocessor Communications

Modes 2 and 3 support multiprocessor communication between a master processor and one or more slave processors
by special use of the ninth data bit. When a master processor wants to transmit to one or more slaves, it first sends
an address byte to select the target(s). An address byte differs from a data byte in that its ninth bit is logic 1; in a
data byte, the ninth bit is always set to logic 0.

Setting the SM2 bit (SCON.5) of a slave processor configures its UART such that when a stop bit is received, the
UART will generate an interrupt only if the ninth bit is logic one (RB8 = 1) signifying an address byte has been
received. In the UART’s interrupt handler, software will compare the received address with the slave’s own
assigned 8-bit address. If the addresses match, the slave will clear its SM2 bit to enable interrupts on the reception
of the following data byte(s). Slaves that weren’t addressed leave their SM2 bits set and do not generate interrupts
on the reception of the following data bytes, thereby ignoring the data. Once the entire message is received, the
addressed slave resets its SM2 bit to ignore all transmissions until it receives the next address byte.

Multiple addresses can be assigned to a single slave and/or a single address can be assigned to multiple slaves,
thereby enabling “broadcast” transmissions to more than one slave simultaneously. The master processor can be
configured to receive all transmissions or a protocol can be implemented such that the master/slave role is
temporarily reversed to enable half-duplex transmission between the original master and slave(s).

Figure 18.7. UART Multi-Processor Mode Interconnect Diagram

Master Slave Slave Slave
Device Device Device | ©“° | Device
VDD
RX X RX X RX X RX X
l l 0O J
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19. TIMERS

Each MCU implements four counter/timers: three are 16-bit counter/timers compatible with those found in the
standard 8051, and one is a 16-bit timer for use with the ADC, SMBus, or for general purpose use. These can be
used to measure time intervals, count external events and generate periodic interrupt requests. Timer 0 and Timer 1
are nearly identical and have four primary modes of operation. Timer 2 offers additional capabilities not available
in Timers 0 and 1. Timer 3 is similar to Timer 2, but without the capture or Baud Rate Generator modes.

Timer 0 and Timer 1. Timer 2: Timer 3:

13-bit counter/timer 16-bit counter/timer with auto-reload | 16-bit timer with auto-reload
16-bit counter/timer 16-bit counter/timer with capture

8-bit counter/timer with auto-reload Baud rate generator

Two 8-bit counter/timers (Timer 0 only)

When functioning as a timer, the counter/timer registers are incremented on each clock tick. Clock ticks are derived
from the system clock divided by either one or twelve as specified by the Timer Clock Select bits (T2M-TOM) in
CKCON. The twelve-clocks-per-tick option provides compatibility with the older generation of the 8051 family.
Applications that require a faster timer can use the one-clock-per-tick option.

When functioning as a counter, a counter/timer register is incremented on each high-to-low transition at the selected
input pin for TO, T1, or T2. Events with a frequency of up to one-fourth the system clock’s frequency can be
counted. The input signal need not be periodic, but it should be held at a given level for at least two full system
clock cycles to ensure the level is sampled.

19.1. TimerOand Timer 1

Timer 0 and Timer 1 are accessed and controlled through SFRs. Each counter/timer is implemented as a 16-bit
register accessed as two separate bytes: a low byte (TLO or TL1) and a high byte (THO or TH1). The
Counter/Timer Control (TCON) register is used to enable Timer 0 and Timer 1 as well as indicate their status. Both
counter/timers operate in one of four primary modes selected by setting the Mode Select bits M1-MO in the
Counter/Timer Mode (TMOD) register. Each timer can be configured independently. Following is a detailed
description of each operating mode.

19.1.1. Mode 0: 13-bit Counter/Timer

Timer 0 and Timer 1 operate as a 13-bit counter/timer in Mode 0. The following describes the configuration and
operation of Timer 0. However, both timers operate identically and Timer 1 is configured in the same manner as
described for Timer 0.

The THO register holds the eight MSBs of the 13-bit counter/timer. TLO holds the five LSBs in bit positions TLO0.4-
TLO.0. The three upper bits of TLO (TLO0.7-TLO0.5) are indeterminate and should be masked out or ignored when
reading. As the 13-bit timer register increments and overflows from Ox1FFF (all ones) to 0x0000, the timer
overflow flag TFO (TCON.5) is set and an interrupt will occur if enabled.

The C/TO bit (TMOD.2) selects the counter/timer’s clock source. Clearing C/T selects the system clock as the input
for the timer. When C/TO is set to logic 1, high-to-low transitions at the selected input pin increment the timer
register. (Refer to Port I/O Section 15.1 for information on selecting and configuring external 1/0 pins.)
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19.3. Timer 3

Timer 3 is a 16-bit timer formed by the two 8-bit SFRs, TMR3L (low byte) and TMR3H (high byte). The input for
Timer 3 is the system clock (divided by either one or twelve as specified by the Timer 3 Clock Select bit T3M in the
Timer 3 Control Register TMR3CN). Timer 3 is always configured as an auto-reload timer, with the reload value
held in the TMR3RLL (low byte) and TMR3RLH (high byte) registers. Timer 3 can be used to start an ADC Data
Conversion, for SMBus timing (see Section 16.5), or as a general-purpose timer. Timer 3 does not have a counter
mode.

Figure 19.19. Timer 3 Block Diagram

|— T3M
—— % (to ADC)

SYSCLK

TMR3L TMR3H >] TF3 |—>Interrupt
5
TR3 &
ﬁ ﬁ o
S
(from SMBus) TOE Reload
_____ TMR3RLL | TMR3RLH
SCL — Crossbar |

Figure 19.20. TMR3CN: Timer 3 Control Register
R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
[ TF3 ] - | - | - | - [ TR | T3mM | - | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:

0x91

Bit7:  TF3: Timer3 Overflow Flag.
Set by hardware when Timer 3 overflows from OxFFFF to 0x0000. When the Timer 3
interrupt is enabled, setting this bit causes the CPU to vector to the Timer 3 Interrupt
service routine. This bit is not automatically cleared by hardware and must be cleared by

software.
Bits6-3: UNUSED. Read = 0000b, Write = don’t care.

Bit2:  TR3: Timer 3 Run Control.
This bit enables/disables Timer 3.
0: Timer 3 disabled.
1: Timer 3 enabled.

Bitl:  T3M: Timer 3 Clock Select.
This bit controls the division of the system clock supplied to Counter/Timer 3.

0: Counter/Timer 3 uses the system clock divided by 12.
1: Counter/Timer 3 uses the system clock.

BitO: UNUSED. Read =0, Write = don’t care.
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