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1.2. On-Chip Memory

The CIP-51 has a standard 8051 program and data address configuration. It includes 256 bytes of data
RAM, with the upper 128 bytes dual-mapped. Indirect addressing accesses the upper 128 bytes of general
purpose RAM, and direct addressing accesses the 128 byte SFR address space. The lower 128 bytes of
RAM are accessible via direct and indirect addressing. The first 32 bytes are addressable as four banks of
general purpose registers, and the next 16 bytes can be byte addressable or bit addressable.

Program memory consists of 8 or 16 kB of Flash. This memory may be reprogrammed in-system in 512
byte sectors, and requires no special off-chip programming voltage. See Figure 1.11 for the MCU system
memory map.

PROGRAM/DATA MEMORY DATA MEMORY (RAM)

(Flash) INTERNAL DATA ADDRESS SPACE
C8051F310/1/6/7 OxFF Upper 128 RAM Special Function
(Indirect Addressing Register's
0x3E00 RESERVED 0x80 Only) (Direct Addressing Only)
Ox3DFF OX7F
(Direct and Indirect
Addressing) Lower 128 RAM
16 kB Flash 0x30 (Direct and Indirect
0x2F i
Bit Addressable Addressing)
(In-System 0x20
Programmable in 512 Ox1F General Purpose
Byte Sectors) 0x00 Registers
EXTERNAL DATA ADDRESS SPACE
0x0000
OXFFFF
C8051F312/3/4/5
RESERVED
0x2000 Same 1024 bytes as from
0x0000 to Ox03FF, wrapped
Ox1FFF on 1 kB boundaries
8 kB Flash
as 0x0400
(In-System RSN XRAM - 1024 Bytes
Programmable in 512 (accessable using MOVX
Byte Sectors) 0x0000 instruction)
0x0000

Figure 1.11. On-Board Memory Map
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Figure 4.4. QFN-28 Package Drawing
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Inputs are measured from ‘0’ to VREF * 1023/1024. Example codes are shown below for both right-justified
and left-justified data. Unused bits in the ADCOH and ADCOL registers are set to ‘0’

Input Voltage Right-Justified ADCOH:ADCOL Left-Justified ADCOH:ADCOL
(ADOLJST =0) (ADOLJST =1)
VREF x 1023/1024 Ox03FF OxFFCO
VREF x 512/1024 0x0200 0x8000
VREF x 256/1024 0x0100 0x4000
0 0x0000 0x0000

When in Differential Mode, conversion codes are represented as 10-bit signed 2's complement numbers.
Inputs are measured from -VREF to VREF * 511/512. Example codes are shown below for both right-justi-
fied and left-justified data. For right-justified data, the unused MSBs of ADCOH are a sign-extension of the
data word. For left-justified data, the unused LSBs in the ADCOL register are set to ‘0.

Input Voltage Right-Justified ADCOH:ADCOL Left-Justified ADCOH:ADCOL
(ADOLJST = 0) (ADOLJST = 1)
VREF x 511/512 Ox01FF 0x7FCO
VREF x 256/512 0x0100 0x4000
0 0x0000 0x0000
—VREF x 256/512 O0xFF00 0xC000
-VREF OxFEOO 0x8000

Important Note About ADCO Input Configuration: Port pins selected as ADCO inputs should be config-
ured as analog inputs, and should be skipped by the Digital Crossbar. To configure a Port pin for analog
input, set to ‘0’ the corresponding bit in register PNMDIN (for n = 0,1,2,3). To force the Crossbar to skip a
Port pin, set to ‘1’ the corresponding bit in register PnSKIP (for n = 0,1,2). See Section “13. Port Input/
Output” on page 129 for more Port I/O configuration details.

5.2. Temperature Sensor

The typical temperature sensor transfer function is shown in Figure 5.2. The output voltage (Vtgmp) is the
positive ADC input when the temperature sensor is selected by bits AMX0P4-0 in register AMXOP.

(mV)
1200 —

1100 —

1000 —

900 —|
Ve = 3:354(TEMP_) + 897 mV

800 —

700

NNNN‘NNNN‘NNNN‘
-50 0 50 100 (Celsius)

Figure 5.2. Typical Temperature Sensor Transfer Function
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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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8.3.5. Interrupt Register Descriptions

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

SFR Definition 8.7. IE: Interrupt Enable

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
EA ESPIO [ ET2 | ESO | ET1 | EX1 | ETO | EX0 |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:

(bit addressable) OxA8

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

0: Disable all interrupt sources.

1: Enable each interrupt according to its individual mask setting.
Bit6: ESPI0: Enable Serial Peripheral Interface (SPIO) Interrupt.

This bit sets the masking of the SPIO interrupts.

0: Disable all SPIO interrupts.

1: Enable interrupt requests generated by SPIO.
Bit5: ET2: Enable Timer 2 Interrupt.

This bit sets the masking of the Timer 2 interrupt.

0: Disable Timer 2 interrupt.

1: Enable interrupt requests generated by the TF2L or TF2H flags.
Bit4: ESO: Enable UARTO Interrupt.

This bit sets the masking of the UARTO interrupt.

0: Disable UARTO interrupt.

1: Enable UARTO interrupt.
Bit3: ET1: Enable Timer 1 Interrupt.

This bit sets the masking of the Timer 1 interrupt.

0: Disable all Timer 1 interrupt.

1: Enable interrupt requests generated by the TF1 flag.
Bit2: EX1: Enable External Interrupt 1.

This bit sets the masking of External Interrupt 1.

0: Disable external interrupt 1.

1: Enable interrupt requests generated by the /INT1 input.
Bit1: ETO: Enable Timer O Interrupt.

This bit sets the masking of the Timer 0 interrupt.

0: Disable all Timer O interrupt.

1: Enable interrupt requests generated by the TFO flag.
Bit0: EXO0: Enable External Interrupt O.

This bit sets the masking of External Interrupt 0.

0: Disable external interrupt 0.

1: Enable interrupt requests generated by the /INTO input.

Rev. 1.7 97

SILICON LABS



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

12.2. External Oscillator Drive Circuit

The external oscillator circuit may drive an external crystal, ceramic resonator, capacitor, or RC network. A
CMOS clock may also provide a clock input. For a crystal or ceramic resonator configuration, the crys-
tal/resonator must be wired across the XTAL1 and XTAL2 pins as shown in Option 1 of Figure 12.1. A
10 MQ resistor also must be wired across the XTAL2 and XTALL1 pins for the crystal/resonator configura-
tion. In RC, capacitor, or CMOS clock configuration, the clock source should be wired to the XTAL2 pin as
shown in Option 2, 3, or 4 of Figure 12.1. The type of external oscillator must be selected in the OSCXCN
register, and the frequency control bits (XFCN) must be selected appropriately (see SFR Definition 12.4).

Important Note on External Oscillator Usage: Port pins must be configured when using the external
oscillator circuit. When the external oscillator drive circuit is enabled in crystal/resonator mode, Port pins
P0.2 and P0.3 are used as XTAL1 and XTAL2 respectively. When the external oscillator drive circuit is
enabled in capacitor, RC, or CMOS clock mode, Port pin P0.3 is used as XTAL2. The Port I/O Crossbar
should be configured to skip the Port pins used by the oscillator circuit; see Section “13.1. Priority Cross-
bar Decoder” on page 131 for Crossbar configuration. Additionally, when using the external oscillator cir-
cuit in crystal/resonator, capacitor, or RC mode, the associated Port pins should be configured as analog
inputs. In CMOS clock mode, the associated pin should be configured as a digital input. See Section
“13.2. Port I/O Initialization” on page 133 for details on Port input mode selection.

12.3. System Clock Selection

The CLKSLO bit in register CLKSEL selects which oscillator is used as the system clock. CLKSLO must be
set to ‘1’ for the system clock to run from the external oscillator; however the external oscillator may still
clock certain peripherals (timers, PCA) when the internal oscillator is selected as the system clock. The
system clock may be switched on-the-fly between the internal and external oscillator, so long as the
selected oscillator is enabled and has settled. The internal oscillator requires little start-up time and may be
selected as the system clock immediately following the OSCICN write that enables the internal oscillator.
External crystals and ceramic resonators typically require a start-up time before they are settled and ready
for use as the system clock. The Crystal Valid Flag (XTLVLD in register OSCXCN) is set to ‘1’ by hardware
when the external oscillator is settled. To avoid reading a false XTLVLD, in crystal mode software
should delay at least 1 ms between enabling the external oscillator and checking XTLVLD. RC and
C modes typically require no startup time.
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14.4.3. Data Register

The SMBus Data register SMBODAT holds a byte of serial data to be transmitted or one that has just been
received. Software may safely read or write to the data register when the Sl flag is set. Software should not
attempt to access the SMBODAT register when the SMBus is enabled and the Si flag is cleared to logic 0,
as the interface may be in the process of shifting a byte of data into or out of the register.

Data in SMBODAT is always shifted out MSB first. After a byte has been received, the first bit of received
data is located at the MSB of SMBODAT. While data is being shifted out, data on the bus is simultaneously
being shifted in. SMBODAT always contains the last data byte present on the bus. In the event of lost arbi-
tration, the transition from master transmitter to slave receiver is made with the correct data or address in
SMBODAT.

SFR Definition 14.3. SMBODAT: SMBus Data

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ | \ \ | \ 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SFR Address: 0XxC2

Bits7-0: SMBODAT: SMBus Data.
The SMBODAT register contains a byte of data to be transmitted on the SMBus serial inter-
face or a byte that has just been received on the SMBus serial interface. The CPU can read
from or write to this register whenever the Sl serial interrupt flag (SMBOCN.0) is set to
logic 1. The serial data in the register remains stable as long as the Sl flag is set. When the
Sl flag is not set, the system may be in the process of shifting data in/out and the CPU
should not attempt to access this register.
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14.6. SMBus Status Decoding

The current SMBus status can be easily decoded using the SMBOCN register. In the table below, STATUS
VECTOR refers to the four upper bits of SMBOCN: MASTER, TXMODE, STA, and STO. Note that the
shown response options are only the typical responses; application-specific procedures are allowed as
long as they conform to the SMBus specification. Highlighted responses are allowed but do not conform to
the SMBus specification.

Table 14.4. SMBus Status Decoding

Values Read \\//v?:;jtii
< =
3 = OO Current SMbus State Typical Response Options
2|S5¢c |z |0 |x A 2 > < |0 |x
58 (3|22 b |5 |9
n > 2 o
<
A master START was Load slave address + R/W into
110 1 01 01 X generated. SMBODAT. 010X
A master data or address byte |Set STA to restart transfer. 110
0 | 0 | O |was transmitted; NACK Ab ‘ ol 1!l x
3 received. ort transfer.
= Load next data byte into ololx
= SMBODAT.
(= 1100 End transfer with STOP. 0o|1]X
% A master data or address byte |End transfer with STOP and start 111 | x
CEU 0| 0| 1 |was transmitted; ACK another transfer.
received. Send repeated START. 10X
Switch to Master Receiver Mode
(clear Sl without writingnewdata | 0 | 0 | X
to SMBODAT).
Acknowledge received byte; Read olol1
SMBODAT.
Send NACK to indicate last byte, ol 110
and send STOP.
Send NACK to indicate last byte,
. and send STOP followed by 1110
g START.
(5}
O Send ACK followed by repeated
&) 1000 | 1 | o | x Amgster. data byte was START 1(0]|1
= received; ACK requested. _
% Send NACK to indicate last byte, 11010
czrs and send repeated START.
Send ACK and switch to Master
Transmitter Mode (write to 0|0 |1
SMBODAT before clearing Sl).
Send NACK and switch to Master
Transmitter Mode (write to 0|00
SMBODAT before clearing Sl).
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15.2. Operational Modes

UARTO provides standard asynchronous, full duplex communication. The UART mode (8-bit or 9-bit) is
selected by the SOMODE bit (SCONO.7). Typical UART connection options are shown in Figure 15.3.

X

RS-232 |«
LEVEL rx | C8051Fxxx
XLTR

\ 4

OR

X X
= MCU >< C8051Fxxx
— RX RX

Figure 15.3. UART Interconnect Diagram

15.2.1. 8-Bit UART

8-Bit UART mode uses a total of 10 bits per data byte: one start bit, eight data bits (LSB first), and one stop
bit. Data are transmitted LSB first from the TXO0 pin and received at the RX0 pin. On receive, the eight data
bits are stored in SBUFO and the stop bit goes into RB80 (SCONO.2).

Data transmission begins when software writes a data byte to the SBUFO register. The TI0 Transmit Inter-
rupt Flag (SCONO0.1) is set at the end of the transmission (the beginning of the stop-bit time). Data recep-
tion can begin any time after the RENO Receive Enable bit (SCONO0.4) is set to logic 1. After the stop bit is
received, the data byte will be loaded into the SBUFO receive register if the following conditions are met:
RIO must be logic 0, and if MCEQO is logic 1, the stop bit must be logic 1. In the event of a receive data over-
run, the first received 8 bits are latched into the SBUFO receive register and the following overrun data bits
are lost.

If these conditions are met, the eight bits of data is stored in SBUFO, the stop bit is stored in RB80 and the
RIO flag is set. If these conditions are not met, SBUF0 and RB80 will not be loaded and the RIO flag will not
be set. An interrupt will occur if enabled when either TIO or RIO is set.

MARK START
BIT DO D1 D2 D3 D4 D5 D6 D7 STOP
SPACE — BIT
1 ] ] ] ] ] ] ] ] ] |
BITTIMES | T T T T T T T T T 1

4 4 4 4 4 4 4 4 4 4
| | | | | | | | | |
| | | | | | | | | |

BIT SAMPLING

Figure 15.4. 8-Bit UART Timing Diagram
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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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Table 15.5. Timer Settings for Standard Baud Rates
Using an External 11.0592 MHz Oscillator

Frequency: 11.0592 MHz

Target Baud Rate | Oscilla- | Timer Clock | SCAL1-SCAO | TIM* | Timer 1
Baud Rate % Error tor Divide Source (pre-scale Reload Value
(bps) Factor select)* (hex)
230400 0.00% 48 SYSCLK XX 1 OXES
115200 0.00% 96 SYSCLK XX 1 0xDO
57600 0.00% 192 SYSCLK XX 1 O0xAQ
g J 28800 0.00% 384 SYSCLK XX 1 0x40
i O 14400 0.00% 768 SYSCLK /12 00 0 OxEO
d = 9600 0.00% 1152 SYSCLK /12 00 0 0xDO
n E 2400 0.00% 4608 SYSCLK /12 00 0 0x40
5 ai 1200 0.00% 9216 SYSCLK /48 10 0 OxAO0
230400 0.00% 48 EXTCLK /8 11 0 OXFD
g S 115200 0.00% 96 EXTCLK /8 11 0 OxFA
i 8 57600 0.00% 192 EXTCLK /8 11 0 OxF4
d ‘_._5 28800 0.00% 384 EXTCLK /8 11 0 OxES8
"5 14400 0.00% 768 EXTCLK /8 11 0 0xDO
6 E 9600 0.00% 1152 EXTCLK /8 11 0 0xB8
X = Don't care
*Note: SCA1-SCAO and T1M bit definitions can be found in Section 17.1.
Table 15.6. Timer Settings for Standard Baud Rates
Using an External 3.6864 MHz Oscillator
Frequency: 3.6864 MHz
_Target Baud Oscilla- | Timer Clock | SCAL-SCAO | T1IM* Timer 1
Baud Rate Rate% tor Divide Source (pre-scale Reload
(bps) Error Factor select)* Value (hex)
230400 0.00% 16 SYSCLK XX 1 OXF8
115200 0.00% 32 SYSCLK XX 1 OxFO
57600 0.00% 64 SYSCLK XX 1 OXEO
g 8 28800 0.00% 128 SYSCLK XX 1 0xCO
i 9 14400 0.00% 256 SYSCLK XX 1 0x80
d = 9600 0.00% 384 SYSCLK XX 1 0x40
N o 2400 0.00% 1536 SYSCLK /12 00 0 0xCO
5 ai 1200 0.00% 3072 SYSCLK /12 00 0 0x80
230400 0.00% 16 EXTCLK/ 8 11 0 OXFF
g S 115200 0.00% 32 EXTCLK /8 11 0 OxFE
i 8 57600 0.00% 64 EXTCLK /8 11 0 OxFC
d § 28800 0.00% 128 EXTCLK /8 11 0 OxF8
Ng 14400 0.00% 256 EXTCLK /8 11 0 OxFO
o E 9600 0.00% 384 | EXTCLK/8 11 0 OXES
X = Don't care
*Note: SCA1-SCAO and T1M bit definitions can be found in Section 17.1.
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16.5. Serial Clock Timing

Four combinations of serial clock phase and polarity can be selected using the clock control bits in the
SPI0 Configuration Register (SPIOCFG). The CKPHA bit (SPIOCFG.5) selects one of two clock phases
(edge used to latch the data). The CKPOL bit (SPIOCFG.4) selects between an active-high or active-low
clock. Both master and slave devices must be configured to use the same clock phase and polarity. SPI0
should be disabled (by clearing the SPIEN bit, SPIOCN.0) when changing the clock phase or polarity. The
clock and data line relationships for master mode are shown in Figure 16.5. For slave mode, the clock and
data relationships are shown in Figure 16.6 and Figure 16.7. CKPHA must be set to ‘0’ on both the master
and slave SPI when communicating between two of the following devices: C8051F04x, C8051F06x,
C8051F12x, C8051F31x, C8051F32x, and C8051F33x

The SPIO Clock Rate Register (SPIOCKR) as shown in SFR Definition 16.3 controls the master mode
serial clock frequency. This register is ignored when operating in slave mode. When the SPI is configured
as a master, the maximum data transfer rate (bits/sec) is one-half the system clock frequency or 12.5 MHz,
whichever is slower. When the SPI 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 (in 4-
wire slave mode), and the serial input data synchronously with the slave’s system clock. If the master
issues SCK, NSS, and the serial input data asynchronously, the maximum data transfer rate (bits/sec)
must be less than 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 1/4 the system clock frequency.
This is provided that the master issues SCK, NSS, and the serial input data synchronously with the slave’s
system clock.

SCK
(CKPOL=0, CKPHA=0) | | | | | | | |

SCK
(CKPOL=0, CKPHA=1) | | | | | | | |

SCK
(CKPOL=1, CKPHA=0) | | | | | | | |

SCK
(CKPOL=1, CKPHA=1) | | | | | | | |

MISO/MOSI m mse Y Bit6 Y Bits X Bit4a Y Bt3 Y Bt2 X Bit1 Y Bit0 M

NSS (Must Remain High
in Multi-Master Mode)

Figure 16.5. Master Mode Data/Clock Timing
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Table 16.1. SPI Slave Timing Parameters

Parameter | Description | Min Max Units
Master Mode Timing* (See Figure 16.8 and Figure 16.9)
TMCKH SCK High Time 1xTsyscik — ns
TMCKL SCK Low Time 1xTsyscik — ns
Twmis MISO Valid to SCK Shift Edge 1x TgyscLk *+ 20 — ns
TMIH SCK Shift Edge to MISO Change 0 — ns
Slave Mode Timing* (See Figure 16.10 and Figure 16.11)
Tse NSS Falling to First SCK Edge 2 x TsyscLk — ns
Tsp Last SCK Edge to NSS Rising 2 X TsyscLk — ns
Tsez NSS Falling to MISO Valid — 4xTsysclk | Ns
Tspz NSS Rising to MISO High-Z — 4xTsysclk | Ns
Tckh SCK High Time 5 X TsyscLk — ns
TekL SCK Low Time 5 X TsyscLk — ns
Tsis MOSI Valid to SCK Sample Edge 2 X TsyscLk - ns
TsiH SCK Sample Edge to MOSI Change 2 x TsyscLk — ns
Tson SCK Shift Edge to MISO Change — 4xTgyscik | Ns
TaL Last SCK Edge to MISO Change 6 X TsyscLk 8 X TsyscLk ns
(CKPHA = 1 ONLY)
*Note: TgyscLk IS equal to one period of the device system clock (SYSCLK).
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17.3.2. 8-bit Timers with Auto-Reload

When T3SPLIT is set, Timer 3 operates as two 8-bit timers (TMR3H and TMR3L). Both 8-bit timers oper-
ate in auto-reload mode as shown in Figure 17.5. TMR3RLL holds the reload value for TMR3L; TMR3RLH
holds the reload value for TMR3H. The TR3 bit in TMR3CN handles the run control TMR3H. TMR3L is
always running when configured for 8-bit Mode.

Each 8-bit timer may be configured to use SYSCLK, SYSCLK divided by 12, or the external oscillator clock
source divided by 8. The Timer 3 Clock Select bits (T3MH and T3ML in CKCON) select either SYSCLK or
the clock defined by the Timer 3 External Clock Select bit (T3XCLK in TMR3CN), as follows:

T3MH T3XCLK TMR3H Clock T3ML T3XCLK TMR3L Clock
Source Source
0 0 SYSCLK/12 0 0 SYSCLK/12
0 1 External Clock/8 0 1 External Clock/8
1 X SYSCLK 1 X SYSCLK

Note: External clock divided by 8 is synchronized with the system clock, and the external clock must be
less than or equal to the system clock to operate in this mode.

The TF3H bit is set when TMR3H overflows from OxFF to Ox00; the TF3L bit is set when TMR3L overflows
from OxFF to 0x00. When Timer 3 interrupts are enabled, an interrupt is generated each time TMR3H over-
flows. If Timer 3 interrupts are enabled and TF3LEN (TMR3CN.5) is set, an interrupt is generated each
time either TMR3L or TMR3H overflows. When TF3LEN is enabled, software must check the TF3H and
TF3L flags to determine the source of the Timer 3 interrupt. The TF3H and TF3L interrupt flags are not
cleared by hardware and must be manually cleared by software.

CKCON
T|T|T|T|T|T|S|S
T3XCLK 3|3|2[2|1o|c|c
M[M[M|M[M[M]A|A
l 1 o TMR3RLH |[£&/03d
SYSCLK /12 0 rl
External Clock /8 —— 1 TCLK
TMR3H > _Tr3H
TR3 > TEaL Interrupt
1 TF3LEN
b4
Q [(T3SPLIT
@ TR3
TMR3RLL [&&l0ad s
SYSCLK F[T3XCLK
1 il
TCLK | TMR3L » To ADC
0
Figure 17.7. Timer 3 8-Bit Mode Block Diagram
®
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18.2.5. 8-Bit Pulse Width Modulator Mode

Each module can be used independently to generate a pulse width modulated (PWM) output on its associ-
ated CEXn pin. The frequency of the output is dependent on the timebase for the PCA counter/timer. The
duty cycle of the PWM output signal is varied using the module's PCAOCPLn capture/compare register.
When the value in the low byte of the PCA counter/timer (PCAOL) is equal to the value in PCAOCPLn, the
output on the CEXn pin will be set. When the count value in PCAOL overflows, the CEXn output will be
reset (see Figure 18.8). Also, when the counter/timer low byte (PCAOL) overflows from OxFF to 0x00,
PCAOCPLn is reloaded automatically with the value stored in the module’s capture/compare high byte
(PCAOCPHN) without software intervention. Setting the ECOMn and PWMn bits in the PCAOCPMn register
enables 8-Bit Pulse Width Modulator mode. The duty cycle for 8-Bit PWM Mode is given by Equation 18.2.

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

Equation 18.2. 8-Bit PWM Duty Cycle

o = (256—PCAOCPHN)
256

DutyCycl

Using Equation 18.2, the largest duty cycle is 100% (PCAOCPHn = 0), and the smallest duty cycle is
0.39% (PCAOCPHN = OxFF). A 0% duty cycle may be generated by clearing the ECOMn bit to ‘0’.

Write to

PCAOCPLn 0 PCAOCPHN
Reset
Write to ]
PCAOCPHN B €«
1
yPCAOCPMn
P|E|C|CM|T|P|E
\W[C|A[AJA|O|W|C
mlo|p|P|T|c|M[c PGP
1|IM[PIN|n|n[n|F
6[nIn[n n
n
0| 00x0 | x e |
Enable 8-bit match SET CEXn ! |
Comparator > S Q i Crossbar :—‘XI Port I/O
TT ’_> R CLR 6
PCA Timebase PCAOL
Overflow
Figure 18.8. PCA 8-Bit PWM Mode Diagram
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