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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 8k bytes of Flash. This memory may be reprogrammed in-system in 512 byte
sectors, and requires no special off-chip programming voltage. See Figure 1.5 for the MCU system mem-

ory map.
PROGRAM/DATA MEMORY DATA MEMORY (RAM)
(FLASH) INTERNAL DATA ADDRESS SPACE
Ox1FFF RESERVED OxFF Upper 128 RAM Special Function
0x1E00 (Indirect Addressing Register's
0x1DFE 0x80 Only) (Direct Addressing Only)
Ox7F
(Direct and Indirect
Addressing) Lower 128 RAM
8K FLASH 0x30 (Direct and Indirect
0x2F i
(In-System OX 0 Bit Addressable Addressing)
Programmable in 512 O§1F General Pur
Byte Sectors) eneral F urpose
0x00 Registers
EXTERNAL DATA ADDRESS SPACE
0x0000
OxFFFF
Same 512 bytes as from
0x0000 to 0x01FF, wrapped
on 512-byte boundaries
0x0200
SRl  XRAM - 512 Bytes
(accessable using MOVX
0x0000 instruction)
Figure 1.5. On-Board Memory Map
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5. 10-Bit ADC (ADCO, C8051F330 and C8051F330D only)

The ADCO subsystem for the C8051F330 and C8051F330D consists of two analog multiplexers (referred
to collectively as AMUXO0) with 16 total input selections, and a 200 ksps, 10-bit successive-approximation-
register ADC with integrated track-and-hold and programmable window detector. The AMUXO0, data con-
version modes, and window detector are all configurable under software control via the Special Function
Registers shown in Figure 5.1. ADCO operates in both Single-ended and Differential modes, and may be
configured to measure Ports0-1, the Temperature Sensor output, or VDD with respect to Ports0-1 or GND.
The ADCO subsystem is enabled only when the ADOEN bit in the ADCO Control register (ADCOCN) is set
to logic 1. The ADCO subsystem is in low power shutdown when this bit is logic 0.
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AMXOP ADCOCN
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5515353 mn—ZDgggg
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ADOBUSY (W)
Timer 0 Overflow
Timer 2 Overflow

Conversion 001
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Timer 1 Overflow
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AMUX
VDD
P1.7 gj s | 000

/ W CNVSTR Input
. Q Timer 3 Overflow
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AMUX i
P1.7 Q ADOWINT
[%]
VREF ——— > T
Window
GND —»| Compare
AMXON slslalslsls [ 1 32 Logic
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e

Figure 5.1. ADCO Functional Block Diagram
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5.4. Programmable Window Detector

The ADC Programmable Window Detector continuously compares the ADCO output registers to user-pro-
grammed limits, and notifies the system when a desired condition is detected. This is especially effective in
an interrupt-driven system, saving code space and CPU bandwidth while delivering faster system
response times. The window detector interrupt flag (ADOWINT in register ADCOCN) can also be used in
polled mode. The ADCO Greater-Than (ADCOGTH, ADCOGTL) and Less-Than (ADCOLTH, ADCOLTL) reg-
isters hold the comparison values. The window detector flag can be programmed to indicate when mea-
sured data is inside or outside of the user-programmed limits, depending on the contents of the ADCO

Less-Than and ADCO Greater-Than registers.

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
1111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0xC4
Bits7-0: High byte of ADCO Greater-Than Data Word
Figure 5.11. ADCOGTH: ADCO Greater-Than Data High Byte Register
R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0xC3
Bits7-0: Low byte of ADCO Greater-Than Data Word
Figure 5.12. ADCOGTL: ADCO Greater-Than Data Low Byte Register
Rev. 1.2 45
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The Comparator output can be polled in software, used as an interrupt source, and/or routed to a Port pin.
When routed to a Port pin, the Comparator output is available asynchronous or synchronous to the system
clock; the asynchronous output is available even in STOP mode (with no system clock active). When dis-
abled, the Comparator output (if assigned to a Port 1/0 pin via the Crossbar) defaults to the logic low state,
and its supply current falls to less than 100 nA. See Section “14.1. Priority Crossbar Decoder” on
page 115 for details on configuring Comparator outputs via the digital Crossbar. Comparator inputs can be
externally driven from -0.25V to (VDD) + 0.25 V without damage or upset. The complete Comparator

electrical specifications are given in Table 8.1.

The Comparator response time may be configured in software via the CPTOMD register (see Figure 8.5).
Selecting a longer response time reduces the Comparator supply current. See Table 8.1 for complete tim-
ing and power consumption specifications.

PO+
VIN.',L +

cPO CPO ouT
VIN- —/—{ _

CIRCUIT CONFIGURATION

Positive Hysteresis Voltage A
(Programmed with CPOHYP Bits)

VIN- y

INPUTS Negative Hysteresis Voltage
Y (Programmed by CPOHYN Bits)
VIN+
VOH —

OUTPUT

vor ] ]

Negative Hysteresis —1 L Maximum
Disabled Negative Hysteresis
Positive Hysteresis — L— Maximum
Disabled Positive Hysteresis

Figure 8.2. Comparator Hysteresis Plot

The Comparator hysteresis is software-programmable via its Comparator Control register CPTOCN. The
user can program both the amount of hysteresis voltage (referred to the input voltage) and the positive and
negative-going symmetry of this hysteresis around the threshold voltage.

The Comparator hysteresis is programmed using Bits3-0 in the Comparator Control Register CPTOCN
(shown in Figure 8.3). The amount of negative hysteresis voltage is determined by the settings of the
CPOHYN bits. As shown in Figure 8.2, settings of 20, 10 or 5 mV of negative hysteresis can be pro-
grammed, or negative hysteresis can be disabled. In a similar way, the amount of positive hysteresis is
determined by the setting the CPOHYP bits.

Comparator interrupts can be generated on both rising-edge and falling-edge output transitions. (For Inter-
rupt enable and priority control, see Section “8.3. Interrupt Handler” on page 58). The CPOFIF flag is set

®
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9.4. Power Management Modes

The CIP-51 core has two software programmable power management modes: Idle and Stop. Idle mode
halts the CPU while leaving the peripherals and clocks active. In Stop mode, the CPU is halted, all inter-
rupts and timers (except the Missing Clock Detector) are inactive, and the internal oscillator is stopped
(analog peripherals remain in their selected states; the external oscillator is not effected). Since clocks are
running in Idle mode, power consumption is dependent upon the system clock frequency and the number
of peripherals left in active mode before entering Idle. Stop mode consumes the least power. Figure 1.15
describes the Power Control Register (PCON) used to control the CIP-51's power management modes.

Although the CIP-51 has Idle and Stop modes built in (as with any standard 8051 architecture), power
management of the entire MCU is better accomplished by enabling/disabling individual peripherals as
needed. Each analog peripheral can be disabled when not in use and placed in low power mode. Digital
peripherals, such as timers or serial buses, draw little power when they are not in use. Turning off the oscil-
lators lowers power consumption considerably; however a reset is required to restart the MCU.

9.4.1. Idle Mode

Setting the Idle Mode Select bit (PCON.0) causes the CIP-51 to halt the CPU and enter Idle mode as soon
as the instruction that sets the bit completes execution. All internal registers and memory maintain their
original data. All analog and digital peripherals can remain active during Idle mode.

Idle mode is terminated when an enabled interrupt is asserted or a reset occurs. The assertion of an
enabled interrupt will cause the Idle Mode Selection bit (PCON.0) to be cleared and the CPU to resume
operation. The pending interrupt will be serviced and the next instruction to be executed after the return
from interrupt (RETI) will be the instruction immediately following the one that set the Idle Mode Select bit.
If Idle mode is terminated by an internal or external reset, the CIP-51 performs a normal reset sequence
and begins program execution at address 0x0000.

Note: If the instruction following the write of the IDLE bit is a single-byte instruction and an interrupt occurs
during the execution phase of the instruction that sets the IDLE bit, the CPU may not wake from Idle mode
when a future interrupt occurs. Therefore, instructions that set the IDLE bit should be followed by an
instruction that has 2 or more opcode bytes, for example:

// in C’:
PCON |= 0x01; // set IDLE bit
PCON = PCON; // ... followed by a 3-cycle dummy instruction

; 1n assembly:
ORL PCON, #01h ; set IDLE bit
MOV PCON, PCON ; ... followed by a 3-cycle dummy instruction

If enabled, the Watchdog Timer (WDT) will eventually cause an internal watchdog reset and thereby termi-
nate the Idle mode. This feature protects the system from an unintended permanent shutdown in the event
of an inadvertent write to the PCON register. If this behavior is not desired, the WDT may be disabled by
software prior to entering the Idle mode if the WDT was initially configured to allow this operation. This pro-
vides the opportunity for additional power savings, allowing the system to remain in the Idle mode indefi-
nitely, waiting for an external stimulus to wake up the system. Refer to Section “10.6. PCA Watchdog
Timer Reset” on page 92 for more information on the use and configuration of the WDT.

®
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10.8. Software Reset

Software may force a reset by writing a ‘1’ to the SWRSF bit (RSTSRC.4). The SWRSF bit will read ‘1’ fol-
lowing a software forced reset. The state of the /RST pin is unaffected by this reset.

R R R/W R/W R R/W R/W R Reset Value
- FERROR | CORSEF | SWRSF | WDTRSF | MCDRSF | PORSF | PINRSF | Variable
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
SFR Address: OXEF
Bit7: UNUSED. Read = 0. Write = don't care.
Bit6: FERROR: Flash Error Indicator.
0: Source of last reset was not a Flash read/write/erase error.
1: Source of last reset was a FlashFlash read/write/erase error.
Bit5: CORSEF: ComparatorQ Reset Enable and Flag.
0: Read: Source of last reset was not ComparatorQ. Write: Comparator0 is not a reset
source.
1: Read: Source of last reset was Comparator0. Write: Comparator0 is a reset source
(active-low).
Bit4: SWRSF: Software Reset Force and Flag.
0: Read: Source of last reset was not a write to the SWRSF bit. Write: No Effect.
1: Read: Source of last was a write to the SWRSF bit. Write: Forces a system reset.
Bit3: WDTRSF: Watchdog Timer Reset Flag.
0: Source of last reset was not a WDT timeout.
1: Source of last reset was a WDT timeout.
Bit2: MCDRSF: Missing Clock Detector Flag.
0: Read: Source of last reset was not a Missing Clock Detector timeout. Write: Missing
Clock Detector disabled.
1: Read: Source of last reset was a Missing Clock Detector timeout. Write: Missing Clock
Detector enabled; triggers a reset if a missing clock condition is detected.
Bit1: PORSF: Power-On Reset Force and Flag.
This bit is set anytime a power-on reset occurs. Writing this bit enables/disables the VDD
monitor as a reset source. Note: writing ‘1’ to this bit before the Vpp monitor is enabled
and stabilized may cause a system reset. See register VDMOCN (Figure 10.3)
0: Read: Last reset was not a power-on or Vpp monitor reset. Write: Vpp monitor is not a
reset source.
1: Read: Last reset was a power-on or Vpp monitor reset; all other reset flags
indeterminate. Write: Vpp monitor is a reset source.
BitO: PINRSF: HW Pin Reset Flag.
0: Source of last reset was not /RST pin.
1: Source of last reset was /RST pin.

Figure 10.4. RSTSRC: Reset Source Register
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Table 10.1. Reset Electrical Characteristics
—40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
loL = 8.5 mA, 06 v
/RST Output Low Voltage Vpp =2.7V103.6 V — — :
/IRST Input High Voltage 07xVpp | — — v
IRST Input Low Voltage — — | 03xVpp
/RST Input Pullup Current /RST=0.0V — 25 40 MA
Vpp POR Threshold (VgrsT) 2.40 2.55 2.70 \Y
Missing Clock Detector Time- Tlme from last system 'clo'ck 100 220 600 us
out rising edge to reset initiation
Delay between release of any
Reset Time Delay reset source and code 5.0 — — us
execution at location 0x0000
Minimum /RST Low Time to 15 o . s
Generate a System Reset H
Vpp Monitor Turn-on Time 100 — — Hs
Vpp Monitor Supply Current — 20 50 MA

®
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Figure 14.2. Port 1/0 Cell Block Diagram
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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 Bit1 Bit0 SFR Address:
0xA4

Bits7-0: Output Configuration Bits for P0.7-P0.0 (respectively): ignored if corresponding bit in regis-
ter POMDIN is logic O.
0: Corresponding P0.n Output is open-drain.
1: Corresponding P0.n Output is push-pull.

(Note: When SDA and SCL appear on any of the Port I/O, each are open-drain regardless
of the value of POMDOUT).

Figure 14.9. POMDOUT: Port0 Output Mode Register

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 Bit1 Bit0 SFR Address:
0xD4

Bits7-0: POSKIP[7:0]: Port0 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 P0.n pin is not skipped by the Crossbar.
1: Corresponding PO0.n pin is skipped by the Crossbar.

Figure 14.10. POSKIP: Port0 Skip Register

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

P1.7 ‘ P1.6 ‘ P1.5 P1.4 P1.3 P1.2 P1.1 P1.0 11111111

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
(bit addressable) 0x90

Bits7-0: P1.[7:0]
Write - Output appears on 1/O pins per Crossbar Registers.
0: Logic Low Output.
1: Logic High Output (high impedance if corresponding P1MDOUT.n bit = 0).
Read - Always reads ‘0’ if selected as analog input in register P1MDIN. Directly reads Port
pin when configured as digital input.
0: P1.n pin is logic low.
1: P1.n pin is logic high.

Figure 14.11. P1: Port1 Register
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15.1. Supporting Documents

It is assumed the reader is familiar with or has access to the following supporting documents:

1. The 12C-Bus and How to Use It (including specifications), Philips Semiconductor.
2. The 12C-Bus Specification—Version 2.0, Philips Semiconductor.
3. System Management Bus Specification—Version 1.1, SBS Implementers Forum.

15.2. SMBus Configuration

Figure 15.2 shows a typical SMBus configuration. The SMBus specification allows any recessive voltage
between 3.0 V and 5.0 V; different devices on the bus may operate at different voltage levels. The bi-direc-
tional SCL (serial clock) and SDA (serial data) lines must be connected to a positive power supply voltage
through a pull-up resistor or similar circuit. Every device connected to the bus must have an open-drain or
open-collector output for both the SCL and SDA lines, so that both are pulled high (recessive state) when
the bus is free. The maximum number of devices on the bus is limited only by the requirement that the rise

and fall times on the bus not exceed 300 ns and 1000 ns, respectively.

VDD =5V VDD = 3V

|

Master
Device

VDD =5V

|

VDD = 3V

|

Slave
Device 1

Slave

Device 2

SDA

Figure 15.2. Typical SMBus Configuration
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RIW RIW R RIW RIW RIW RIW RIW Reset Value
ENSMB INH BUSY |[EXTHOLD|SMBTOE | SMBFTE | SMBCS1 | SMBCSO0 |00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 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 .
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 to Split Mode, only the High Byte of the timer 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-SMBCS0: 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 15.1.

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

Figure 15.5. SMBOCF: SMBus Clock/Configuration Register

®
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Table 16.6. Timer Settings for Standard Baud Rates Using an External Oscillator

Frequency: 3.6864 MHz
Target Baud Oscilla- | TimerClock | SCA1-SCA0 Tim1 | Timer 1
Baud Rate Rate% tor Divide Source (pre-scale Reload
(bps) Error Factor select)’ Value
(hex)
230400 0.00% 16 SYSCLK XX2 1 OxF8
£ s 115200 0.00% 32 SYSCLK XX 1 0xFO
i 3 57600 0.00% 64 SYSCLK XX 1 OxEQ
X 5 28800 0.00% 128 SYSCLK XX 1 0xCO
O QE> 14400 0.00% 256 SYSCLK XX 1 0x80
‘;’ 5 9600 0.00% 384 SYSCLK XX 1 0x40
U) 2400 0.00% 1536 SYSCLK /12 00 0 0xCO
1200 0.00% 3072 SYSCLK /12 00 0 0x80
e . 230400 0.00% 16 EXTCLK/ 8 11 0 OxFF
S & 115200 0.00% 32 EXTCLK/ 8 11 0 OxFE
< o 57600 0.00% 64 EXTCLK/ 8 11 0 OxFC
o E 28800 0.00% 128 EXTCLK/8 11 0 OxF8
‘>’_) %’ 14400 0.00% 256 EXTCLK/8 11 0 OxFO
= 9600 0.00% 384 EXTCLK /8 11 0 OxE8
Notes:
1. SCA1-SCAO0 and T1M bit definitions can be found in Section 18.1.
2. X =Don't care.
156 Rev. 1.2 @
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17.2. SPI0 Master Mode Operation

A SPI master device initiates all data transfers on a SPI bus. SPIO is placed in master mode by setting the
Master Enable flag (MSTEN, SPIOCN.6). Writing a byte of data to the SPI0 data register (SPIODAT) when
in master mode writes to the transmit buffer. If the SPI shift register is empty, the byte in the transmit buffer
is moved to the shift register, and a data transfer begins. The SPI0 master immediately shifts out the data
serially on the MOSI line while providing the serial clock on SCK. The SPIF (SPIOCN.7) flag is set to logic
1 at the end of the transfer. If interrupts are enabled, an interrupt request is generated when the SPIF flag
is set. While the SPI0 master transfers data to a slave on the MOSI line, the addressed SPI slave device
simultaneously transfers the contents of its shift register to the SPI master on the MISO line in a full-duplex
operation. Therefore, the SPIF flag serves as both a transmit-complete and receive-data-ready flag. The
data byte received from the slave is transferred MSB-first into the master's shift register. When a byte is
fully shifted into the register, it is moved to the receive buffer where it can be read by the processor by
reading SPIODAT.

When configured as a master, SPI0O can operate in one of three different modes: multi-master mode, 3-wire
single-master mode, and 4-wire single-master mode. The default, multi-master mode is active when
NSSMD1 (SPIOCN.3) = 0 and NSSMDO (SPIOCN.2) = 1. In this mode, NSS is an input to the device, and
is used to disable the master SPI0 when another master is accessing the bus. When NSS is pulled low in
this mode, MSTEN (SPIOCN.6) and SPIEN (SPIOCN.0Q) are set to 0 to disable the SPI master device, and
a Mode Fault is generated (MODF, SPIOCN.5 = 1). Mode Fault will generate an interrupt if enabled. SPI0
must be manually re-enabled in software under these circumstances. In multi-master systems, devices will
typically default to being slave devices while they are not acting as the system master device. In multi-mas-
ter mode, slave devices can be addressed individually (if needed) using general-purpose /O pins.
Figure 17.2 shows a connection diagram between two master devices in multiple-master mode.

3-wire single-master mode is active when NSSMD1 (SPIOCN.3) = 0 and NSSMDO (SPIOCN.2) = 0. In this
mode, NSS is not used, and is not mapped to an external port pin through the crossbar. Any slave devices
that must be addressed in this mode should be selected using general-purpose /O pins. Figure 17.3
shows a connection diagram between a master device in 3-wire master mode and a slave device.

4-wire single-master mode is active when NSSMD1 (SPIOCN.3) = 1. In this mode, NSS is configured as an
output pin, and can be used as a slave-select signal for a single SPI device. In this mode, the output value
of NSS is controlled (in software) with the bit NSSMDO (SPIOCN.2). Additional slave devices can be
addressed using general-purpose 1/O pins. Figure 17.4 shows a connection diagram for a master device in
4-wire master mode and two slave devices.
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18.2. Timer 2

Timer 2 is a 16-bit timer formed by two 8-bit SFRs: TMR2L (low byte) and TMR2H (high byte). Timer 2 may
operate in 16-bit auto-reload mode or (split) 8-bit auto-reload mode. The T2SPLIT bit (TMR2CN.3) defines
the Timer 2 operation mode.

Timer 2 may be clocked by the system clock, the system clock divided by 12, or the external oscillator
source divided by 8. The external clock mode is ideal for real-time clock (RTC) functionality, where the
internal oscillator drives the system clock while Timer 2 (and/or the PCA) is clocked by an external preci-
sion oscillator. Note that the external oscillator source divided by 8 is synchronized with the system clock.

18.2.1. 16-bit Timer with Auto-Reload

When T2SPLIT (TMR2CN.3) is zero, Timer 2 operates as a 16-bit timer with auto-reload. Timer 2 can be
clocked by SYSCLK, SYSCLK divided by 12, or the external oscillator clock source divided by 8. As the
16-bit timer register increments and overflows from OxFFFF to 0x0000, the 16-bit value in the Timer 2
reload registers (TMR2RLH and TMR2RLL) is loaded into the Timer 2 register as shown in Figure 18.11,
and the Timer 2 High Byte Overflow Flag (TMR2CN.7) is set. If Timer 2 interrupts are enabled (if IE.S is
set), an interrupt will be generated on each Timer 2 overflow. Additionally, if Timer 2 interrupts are enabled
and the TF2LEN bit is set (TMR2CN.5), an interrupt will be generated each time the lower 8 bits (TMR2L)
overflow from OxFF to 0x00.

TIT(T|T
3|2|2(1
M[M[M[M
L{H[L

T
3
T2XCLK M

l H
To ADC,

SYSCLK/12 — 0 T2 To SMBus SMBus
Overflow
TR2 TCLK
TF2H
TFoL Interrupt
TF2LEN

TF2CEN
T2SPLIT
TR

T
0
M

- >00n
oS>0 wm

TL2 TH2

External Clock / 8 —— 1

A 1l

TMR2RLL | TMR2RLH |«
Reload

Figure 18.11. Timer 2 16-Bit Mode Block Diagram
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18.3. Timer 3

Timer 3 is a 16-bit timer formed by two 8-bit SFRs: TMR3L (low byte) and TMR3H (high byte). Timer 3 may
operate in 16-bit auto-reload mode or (split) 8-bit auto-reload mode. The T3SPLIT bit (TMR3CN.3) defines
the Timer 3 operation mode.

Timer 3 may be clocked by the system clock, the system clock divided by 12, or the external oscillator
source divided by 8. The external clock mode is ideal for real-time clock (RTC) functionality, where the
internal oscillator drives the system clock while Timer 3 (and/or the PCA) is clocked by an external preci-
sion oscillator. Note that the external oscillator source divided by 8 is synchronized with the system clock.

18.3.1. 16-bit Timer with Auto-Reload

When T3SPLIT (TMR3CN.3) is zero, Timer 3 operates as a 16-bit timer with auto-reload. Timer 3 can be
clocked by SYSCLK, SYSCLK divided by 12, or the external oscillator clock source divided by 8. As the
16-bit timer register increments and overflows from OxFFFF to 0x0000, the 16-bit value in the Timer 3
reload registers (TMR3RLH and TM32RLL) is loaded into the Timer 3 register as shown in Figure 18.11,
and the Timer 3 High Byte Overflow Flag (TMR3CN.7) is set. If Timer 3 interrupts are enabled (if EIE1.7 is
set), an interrupt will be generated on each Timer 3 overflow. Additionally, if Timer 3 interrupts are enabled
and the TF3LEN bit is set (TMR3CN.5), an interrupt will be generated each time the lower 8 bits (TL3)
overflow from OxFF to 0x00.

CKCON
T|IT|T|T|T|T|S|S
3|3|2|2|1|0|C|C!
T3XCLK  [Mm{MMMIM]A|A
l H|L|H[L 1[0

SYSCLK/12 —— 0 l To ADC
1o
RS S T TH3 TF3H

External Clock / 8 —— 1 T3l Interrupt
TF3LEN
SYSCLK ——— 11 T T T T TF3CEN

T3SPLIT
TMR3RLL [ TMR3RLH

TR3  ——»

TMR3CN

T3XCLK

A

Reload

Figure 18.18. Timer 3 16-Bit Mode Block Diagram
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18.3.2. 8-bit Timers with Auto-Reload

When T3SPLIT is set, Timer 3 operates as two 8-bit timers (TH3 and TL3). Both 8-bit timers operate in
auto-reload mode as shown in Figure 18.12. TMR3RLL holds the reload value for TL3; TMR3RLH holds
the reload value for TH3. The TR3 bit in TMR3CN handles the run control for TH3. TL3 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 TH3 Clock T3ML T3XCLK |TL3 Clock Source
Source
0 SYSCLK /12 0 0 SYSCLK /12
1 External Clock / 8 0 1 External Clock / 8
1 X SYSCLK 1 X SYSCLK

The TF3H bit is set when TH3 overflows from OxFF to 0x00; the TF3L bit is set when TL3 overflows from
OxFF to 0x00. When Timer 3 interrupts are enabled (IE.5), an interrupt is generated each time TH3 over-
flows. If Timer 3 interrupts are enabled and TF3LEN (TMR3CN.5) is set, an interrupt is generated each
time either TL3 or TH3 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 313|2|2|1|0|C|C
MMIM[M|M[M|A|A
l [ I A TMR3RLH |[§eload

SYSCLK/12 —— 0

o )

External Clock /8 —— 1

SYSCLK

TR3

TCLK

TH3

TMRRLL [§&load

TF3H

TMR3CN vyvy

TF3L

TF3LEN

TF3CEN

T3SPLIT

T

T3XCLK

Eziiiij:;::i[:::y_lme”um

I

TL3

TCLK » To ADC

Figure 18.19. Timer 3 8-Bit Mode Block Diagram
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19.2.1. Edge-triggered Capture Mode

In this mode, a valid transition on the CEXn pin causes the PCA to capture the value of the PCA
counter/timer and load it into the corresponding module's 16-bit capture/compare register (PCAOCPLn and
PCAOCPHN). The CAPPn and CAPNn bits in the PCAOCPMn register are used to select the type of transi-
tion that triggers the capture: low-to-high transition (positive edge), high-to-low transition (negative edge),
or either transition (positive or negative edge). When a capture occurs, the Capture/Compare Flag (CCFn)
in PCAOCN is set to logic 1 and an interrupt request is generated if CCF interrupts are enabled. The CCFn
bit is not automatically cleared by hardware when the CPU vectors to the interrupt service routine, and
must be cleared by software. If both CAPPn and CAPNn bits are set to logic 1, then the state of the Port
pin associated with CEXn can be read directly to determine whether a rising-edge or falling-edge caused
the capture.

PCA Interrupt
PCAOCPMn
PIE[C[CIMITIPIE PCAOCN
w{C|A|A[AOfw|C C|C| [C|c|C|c|C
M|o|P|P|T|G|M|C FIR| |C[C|C|C|C
1|M[P|N[n|n|n|F F|F|F|F|F
6|nin|n n 413(2|1]0
n
x 0 x 00 x N
;ucj PCAOCPLn PCAOCPHnN
0 [&]
o =
° L £

p i— _____ : CEXn f ! I Capturqﬁ ‘ﬂ
ort /10 IX’—: Crossbar | 0/0 '| | '| |
- X =

PCA
~Fimebass > PCAOL PCAOH

Figure 19.4. PCA Capture Mode Diagram

Note: The CEXn input signal must remain high or low for at least 2 system clock cycles to be recognized by
the hardware.
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19.2.5. 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 19.8). 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 19.4.

Important Note About Capture/Compare Registers: When writing a 16-bit value to the PCAQ Cap-
ture/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°.

(256 — PCAOCPHnR)
256
Equation 19.4. 8-Bit PWM Duty Cycle

DutyCycle =

Using Equation 19.4, the largest duty cycle is 100% (PCAOCPHn = 0), and the smallest duty cycle is
0.39% (PCAOCPHnN = OxFF). A 0% duty cycle may be generated by clearing the ECOMn bit to ‘0’.

Write to

PCAOCPLn 0 PCAOCPHN
Reset

Write to ]
PCAOCPHn } —
1

yPCAOCPMn|
P(E|C|C|M|T|P|E
\W[C|A[A|A|O|W|C
wvlolplp|TlcIvlc PCAOCPLNn
1|IM|PIN|n|n|n|F
6[n|n[n n
n
ofooxofx Nz |  ______ |

Enable 8-bit match [« s~ CEXn ! I
Comparator » S Q { Crossbar ,—|Z| Port 110

TT ’—v R . Q
PCA Timebase

— > PCAOL

Overflow

Figure 19.8. PCA 8-Bit PWM Mode Diagram
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NOTES:
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