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systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.
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PIC17C7XX

TABLE 1-1:  PIC17CXXX FAMILY OF DEVICES
Features PIC17C42A | PIC17C43 PIC17C44 | PIC17C752 | PIC17C756A | PIC17C762 | PIC17C766
Maximum Frequency 33 MHz 33 MHz 33 MHz 33 MHz 33 MHz 33 MHz 33 MHz
of Operation
Operating Voltage Range 2.5-6.0V 2.5-6.0V 2.5-6.0V 3.0-5.5V 3.0-5.5V 3.0-5.5V 3.0-5.5V
Program (EPROM) 2 K 4K 8 K 8 K 16 K 8 K 16 K
Memory ( x16) (ROM) — — — — — — —
Data Memory (bytes) 232 454 454 678 902 678 902
Hardware Multiplier (8 x 8) Yes Yes Yes Yes Yes Yes Yes
TimerO Yes Yes Yes Yes Yes Yes Yes
(16-bit + 8-bit postscaler)
Timer1 (8-bit) Yes Yes Yes Yes Yes Yes Yes
Timer2 (8-bit) Yes Yes Yes Yes Yes Yes Yes
Timer3 (16-bit) Yes Yes Yes Yes Yes Yes Yes
Capture inputs (16-bit) 2 2 2 4 4 4 4
PWM outputs (up to 10-bit) 2 2 2 3 3 3 3
USART/SCI 1 1 1 2 2 2 2
A/D channels (10-bit) — — — 12 12 16 16
SSP (SPI/IZC w/Master — — — Yes Yes Yes Yes
mode)
Power-on Reset Yes Yes Yes Yes Yes Yes Yes
Watchdog Timer Yes Yes Yes Yes Yes Yes Yes
External Interrupts Yes Yes Yes Yes Yes Yes Yes
Interrupt Sources 11 11 11 18 18 18 18
Code Protect Yes Yes Yes Yes Yes Yes Yes
Brown-out Reset — — — Yes Yes Yes Yes
In-Circuit Serial — — — Yes Yes Yes Yes
Programming
1/0 Pins 33 33 33 50 50 66 66
1/0 High Source 25 mA 25 mA 25 mA 25 mA 25 mA 25 mA 25 mA
Current Capability | sink 25 mA(d) 25 mA®) 25 mA®) 25 mA®) 25 mA®d) 25 mA®) 25 mA(d)
Package Types 40-pin DIP 40-pin DIP 40-pin DIP | 64-pin TQFP | 64-pin TQFP | 80-pin TQFP | 80-pin TQFP
44-pin PLCC | 44-pin PLCC | 44-pin PLCC | 68-pin PLCC | 68-pin PLCC | 84-pin PLCC | 84-pin PLCC
44-pin MQFP 44-pin 44-pin
44-pin TQFP MQFP MQFP
44-pin TQFP | 44-pin TQFP

Note 1:

Pins RA2 and RA3 can sink up to 60 mA.
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PIC17C7XX

6.0 INTERRUPTS

PIC17C7XX devices have 18 sources of interrupt:

» External interrupt from the RAO/INT pin
* Change on RB7:RBO pins

* TMRO Overflow

* TMR1 Overflow

* TMR2 Overflow

* TMR3 Overflow

* USART1 Transmit buffer empty
* USART1 Receive buffer full

¢ USART2 Transmit buffer empty
* USART2 Receive buffer full

¢ SSP Interrupt

+ SSP I2C bus collision interrupt
» A/D conversion complete

¢ Capturel

« Capture2

e Capture3

« Captured

* TOCKI edge occurred

There are six registers used in the control and status of
interrupts. These are:

* CPUSTA
¢ INTSTA
* PIE1

* PIR1

* PIE2

* PIR2

The CPUSTA register contains the GLINTD bit. This is
the Global Interrupt Disable bit. When this bit is set, all
interrupts are disabled. This bit is part of the controller
core functionality and is described in the Section 6.4.

When an interrupt is responded to, the GLINTD bit is
automatically set to disable any further interrupts, the
return address is pushed onto the stack and the PC is
loaded with the interrupt vector address. There are four
interrupt vectors. Each vector address is for a specific
interrupt source (except the peripheral interrupts, which
all vector to the same address). These sources are:

« External interrupt from the RAO/INT pin
* TMRO Overflow

» TOCKI edge occurred

* Any peripheral interrupt

When program execution vectors to one of these inter-
rupt vector addresses (except for the peripheral inter-
rupts), the interrupt flag bit is automatically cleared.
Vectoring to the peripheral interrupt vector address
does not automatically clear the source of the interrupt.
In the peripheral Interrupt Service Routine, the
source(s) of the interrupt can be determined by testing
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid infinite interrupt requests.

When an interrupt condition is met, that individual inter-
rupt flag bit will be set, regardless of the status of its
corresponding mask bit or the GLINTD bit.

For external interrupt events, there will be an interrupt
latency. For two-cycle instructions, the latency could be
one instruction cycle longer.

The “return from interrupt” instruction, RETFIE, can be
used to mark the end of the Interrupt Service Routine.
When this instruction is executed, the stack is “POPed”
and the GLINTD bit is cleared (to re-enable interrupts).

FIGURE 6-1: INTERRUPT LOGIC
RBIF
RBIE
TMR3IF
TMR3IE
TMR2IF
— TMR2|E:I )
L TMR1IF INTSTA
a TMRIIE Waki (If in SLEEP mode)
~ ake-up in moae
by, CA2IF TOIF or terminate long write
o CA2IE TOIE
o CAl'F:D INTF
CAlIE INTE
TXlIF:l ) - Interrupt to CPU
™u TOCKIF
TOCKIE

RC1IF
RC1IE

PEIF

SSPIF
SSPIE

BCLIF
BCLIE

CA4IF
CA4IE

PIR2/PIE2

CA3IF
CA3IE
TX2IF
TX2IE
RC2IF
RC2IE

PEIE

GLINTD (CPUSTA<4>)
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REGISTER 6-3: PIE2 REGISTER (ADDRESS: 11h, BANK 4)

R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0 RW-0  R/W-0
SSPIE | BCLIE | ADIE — | cmaE CA3IE TX2IE | RC2IE
bit 7 bit 0
bit 7 SSPIE: Synchronous Serial Port Interrupt Enable bit

1 = Enable SSP interrupt
0 = Disable SSP interrupt
bit 6 BCLIE: Bus Collision Interrupt Enable bit
1 = Enable bus collision interrupt
0 = Disable bus collision interrupt
bit 5 ADIE: A/D Module Interrupt Enable bit
1 = Enable A/D module interrupt
0 = Disable A/D module interrupt
bit 4 Unimplemented: Read as ‘0’
bit 3 CA4IE: Capture4 Interrupt Enable bit
1 = Enable Capture4 interrupt
0 = Disable Capture4 interrupt
bit 2 CASIE: Capture3 Interrupt Enable bit
1 = Enable Capture3 interrupt
0 = Disable Capture3 interrupt
bit 1 TX2IE: USART2 Transmit Interrupt Enable bit
1 = Enable USART2 Transmit buffer empty interrupt
0 = Disable USART2 Transmit buffer empty interrupt
bit 0 RC2IE: USART2 Receive Interrupt Enable bit
1 = Enable USART2 Receive buffer full interrupt
0 = Disable USART2 Receive buffer full interrupt

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n=Value at POR Reset '1’' = Bitis set '0’ = Bit is cleared X = Bit is unknown
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REGISTER 6-5: PIR2 REGISTER (ADDRESS: 10h, BANK 4)

RW-0 _ RW-0 _ RW-0 U-0 RIW-0 RIW-0 R-1 R-0
SssPIF | BCLUF | ADIF |  — | CA4F CA3IF | TX2IF | RC2IF
bit 7 bit 0
bit 7 SSPIF: Synchronous Serial Port (SSP) Interrupt Flag bit

1 = The SSP interrupt condition has occurred and must be cleared in software before returning
from the Interrupt Service Routine. The conditions that will set this bit are:

SPL
A transmission/reception has taken place.

I2C Slave/Master:
A transmission/reception has taken place.

I°C Master:
The initiated START condition was completed by the SSP module.
The initiated STOP condition was completed by the SSP module.
The initiated Restart condition was completed by the SSP module.
The initiated Acknowledge condition was completed by the SSP module.
A START condition occurred while the SSP module was idle (Multi-master system).
A STOP condition occurred while the SSP module was idle (Multi-master system).
0 = An SSP interrupt condition has NOT occurred
bit 6 BCLIF: Bus Collision Interrupt Flag bit
1 = A bus collision has occurred in the SSP, when configured for 12C Master mode
0 = No bus collision has occurred
bit 5 ADIF: A/D Module Interrupt Flag bit
1 = An A/D conversion is complete
0 = An A/D conversion is not complete
bit 4 Unimplemented: Read as '0'
bit 3 CA4IF: Capture4 Interrupt Flag bit
1 = Capture event occurred on RE3/CAP4 pin
0 = Capture event did not occur on RE3/CAP4 pin
bit 2 CASIF: Capture3 Interrupt Flag bit
1 = Capture event occurred on RG4/CAP3 pin
0 = Capture event did not occur on RG4/CAP3 pin
bit 1 TX2IF:USART2 Transmit Interrupt Flag bit (state controlled by hardware)
1 = USART2 Transmit buffer is empty
0 = USART2 Transmit buffer is full
bit 0 RC2IF: USART2 Receive Interrupt Flag bit (state controlled by hardware)
1 = USART2 Receive buffer is full
0 = USART2 Receive buffer is empty

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n=Value at POR Reset  'l’ = Bitis set '0’ = Bitis cleared X = Bit is unknown
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8.1 Table Writes to Internal Memory 8.1.1 TERMINATING LONG WRITES

A table write operation to internal memory causes a An interrupt source or RESET are the only events that
long write operation. The long write is necessary for terminate a long write operation. Terminating the long
programming the internal EPROM. Instruction execu- write from an interrupt source requires that the interrupt
tion is halted while in a long write cycle. The long write enable and flag bits are set. The GLINTD bit only
will be terminated by any enabled interrupt. To ensure enables the vectoring to the interrupt address.

that the EPROM location has been well programmed, If the TOCKI, RAO/INT, or TMRO interrupt source is
a minimum programming time is required (see specifi- used to terminate the long write, the interrupt flag of the
cation #D114). Having only one interrupt enabled to ter- highest priority enabled interrupt, will terminate the long
minate the long write ensures that no unintentional write and automatically be cleared.

interrupts will prematurely terminate the long write.

The sequence of even_ts for programming an internal Note 1: If an interrupt is pending, the TABLWT is
program memory location should be: aborted (a NOP is executed). The highest
1. Disable all interrupt sources, except the source priority pending interrupt, from the

to terminate EPROM program write. TOCKI, RAO/INT, or TMRO sources that
2. Raise MCLR/VPP pin to the programming is enabled, has its flag cleared.

voltage. 2: If the interrupt is not being used for the
3. Clear the WDT. program write timing, the interrupt
4. Do the table write. The interrupt will terminate should be disabled. This will ensure that

the long write. the interrupt is not lost, nor will it termi-
5.  Verify the memory location (table read). nate the long write prematurely.

If a peripheral interrupt source is used to terminate the
long write, the interrupt enable and flag bits must be
set. The interrupt flag will not be automatically cleared
upon the vectoring to the interrupt vector address.

Note 1: Programming requirements must be
met. See timing specification in electrical
specifications for the desired device.
Violating these specifications (including

temperature) may result in EPROM The GLINTD bit determines whether the program will
locations that are not fully programmed branch to the interrupt vector when the long write is ter-
and may lose their state over time. minated. If GLINTD is clear, the program will vector, if

GLINTD is set, the program will not vector to the

2: If the VPP requirement is not met, the )
interrupt address.

table write is a 2-cycle write and the pro-
gram memory is unchanged.

TABLE 8-1: INTERRUPT - TABLE WRITE INTERACTION

Interrupt Enable Flag .
b GLINTD o Bt Action
RAO/INT, 0 1 1 Terminate long table write (to internal program memory),
TMRO, branch to interrupt vector (branch clears flag bit).
TOCKI 0 1 0 None.
1 0 None.
1 1 1 Terminate long table write, do not branch to interrupt
vector (flag is automatically cleared).
Peripheral 0 1 1 Terminate long table write, branch to interrupt vector.
0 1 0 None.
1 0 b'q None.
1 1 1 Terminate long table write, do not branch to interrupt
vector (flag remains set).
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TABLE 10-7: PORTD FUNCTIONS
Name Bit Buffer Type Function
RDO/AD8 bit0 TTL Input/output or system bus address/data pin.
RD1/AD9 bitl TTL Input/output or system bus address/data pin.
RD2/AD10 bit2 TTL Input/output or system bus address/data pin.
RD3/AD11 bit3 TTL Input/output or system bus address/data pin.
RD4/AD12 bit4 TTL Input/output or system bus address/data pin.
RD5/AD13 bit5 TTL Input/output or system bus address/data pin.
RD6/AD14 bit6 TTL Input/output or system bus address/data pin.
RD7/AD15 bit7 TTL Input/output or system bus address/data pin.

Legend: TTL =TTL input

TABLE 10-8: REGISTERS/BITS ASSOCIATED WITH PORTD
Value on MCLR
Address | Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, '
WDT
BOR
13h, Bank 1| PORTD | RD7/ | RD6/ RD5/ RD4/ RD3/ RD2/ RD1/ RDO/
AD15 | AD14 | AD13 AD12 AD11 | AD10 AD9 ADg | ¥FIX XXX uuuu uuuu
12h, Bank 1| DDRD | Data Direction Register for PORTD 1111 11111111 1111
Legend: x =unknown, u = unchanged

© 1998-2013 Microchip Technology Inc.

DS30289C-page 81




PIC17C7XX

10.5 PORTE and DDRE Register

PORTE is a 4-bit bi-directional port. The corresponding
data direction register is DDRE. A '1' in DDRE config-
ures the corresponding port pin as an input. A'0' in the
DDRE register configures the corresponding port pin
as an output. Reading PORTE reads the status of the
pins, whereas writing to PORTE will write to the port
latch. PORTE is multiplexed with the system bus.
When operating as the system bus, PORTE contains
the control signals for the address/data bus
(AD15:ADO0). These control signals are Address Latch
Enable (ALE), Output Enable (OE) and Write (WR).
The control signals OE and WR are active low signals.
The timing for the system bus is shown in the Electrical
Specifications section.

Example 10-5 shows an instruction sequence to initial-
ize PORTE. The Bank Select Register (BSR) must be
selected to Bank 1 for the port to be initialized. The fol-
lowing example uses the MOVLB instruction to load the
BSR register for bank selection.

EXAMPLE 10-5:  INITIALIZING PORTE

Note: Three pins of this port are configured as
the system bus when the device’s configu-
ration bits are selected to Microprocessor
or Extended Microcontroller modes. The
other pin is a general purpose /O or
Capture4 pin. In the two other micro-
controller modes, RE2:REQO are general

MOVLB 1 ; Select Bank 1

CLRF PORTE, F ; Initialize PORTE data
; latches before setting
; the data direction

; register

MOVLW 0x03 ; Value used to initialize
; data direction

MOVWF DDRE ; Set RE<1:0> as inputs

; RE<3:2> as outputs
; RE<7:4> are always
; read as '0'

purpose 1/O pins.

FIGURE 10-11: BLOCK DIAGRAM OF RE2:REO (IN /O PORT MODE)
E | ) | ) | Data Bus
| LT 1
TTL
Input
Buffer
T RD_PORTE
0 Port Q D
4| Pata WR_PORTE
“_CK
|
9 D L‘/ RD_DDRE
WR_DDRE
“CK
R S
EX_EN
CNTL System Bus

DRV SYS Contro

Note: 1/O pins have protection diodes to VDD and Vss.
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10.6 PORTF and DDRF Registers

PORTF is an 8-bit wide bi-directional port. The corre-
sponding data direction register is DDRF. A'1'in DDRF
configures the corresponding port pin as an input. A '0'
in the DDRF register configures the corresponding port
pin as an output. Reading PORTF reads the status of
the pins, whereas writing to PORTF will write to the
respective port latch.

All eight bits of PORTF are multiplexed with 8 channels
of the 10-bit A/D converter.

Upon RESET, the entire Port is automatically config-
ured as analog inputs and must be configured in soft-
ware to be a digital 1/0.

Example 10-6 shows an instruction sequence to initial-
ize PORTF. The Bank Select Register (BSR) must be
selected to Bank 5 for the port to be initialized. The fol-
lowing example uses the MOVLB instruction to load the
BSR register for bank selection.

EXAMPLE 10-6:  INITIALIZING PORTF

MOVLB 5 ; Select Bank 5

MOVWF O0xOE ; Configure PORTF as
MOVWF ADCON1 ; Digital

CLRF PORTF, F ; Initialize PORTF data

; latches before
i the data direction

; register
MOVLW 0x03 ; Value used to init

i data direction
MOVWF DDRF ; Set RF<1:0> as inputs

;  RF<7:2> as outputs

FIGURE 10-13: BLOCK DIAGRAM OF RF7:RFO

Data Bus

WR PORTF KN_Q

Data Latch

WR DDRF

DDRF Latch

"

RD DDRF

b G

1/0 pin

ST
Input
Buffer

///1 Q

EN

RD PORTF {>o

PCFG3:PCFGO

|

|

To other pads

_EHE 4@J

CHS3:CHSO

|

To other pads

|

Note: 1/0O pins have protection diodes to VDD and Vss.
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FIGURE 10-15: RG4 BLOCK DIAGRAM

Peripheral Data In

E I/ b 9 Data Bus

EN

RD_PORTG

VDD

#CK
4 :
RD_DDRG
Q D
N }—C'; WR_DDRG

Q _rck

WR_PORTG

e

Note: I/O pins have protection diodes to VDD and Vss.

FIGURE 10-16: RG7:RG5 BLOCK DIAGRAM

Peripheral Data In

N Data Bus
EN
RD_PORTG
D
port | WR_PORTG
VDD Data _CK =
1——0Q
p— (1o |
\/‘/ RD_DDRG
Q D =

Q

WR_DDR
a—Ch o =
>

OUTPUT
OUTPUT ENABLE

Note: 1/O pins have protection diodes to VDD and Vss.

© 1998-2013 Microchip Technology Inc. DS30289C-page 87



PIC17C7XX

10.10.2 SUCCESSIVE OPERATIONS ON 1/O

PORTS

The actual write to an 1/0O port happens at the end of an
instruction cycle, whereas for reading, the data must be
valid at the beginning of the instruction cycle
(Figure 10-20). Therefore, care must be exercised if a
write followed by a read operation is carried out on the
same /O port. The sequence of instructions should be
such to allow the pin voltage to stabilize (load depen-
dent) before executing the instruction that reads the
values on that I/O port. Otherwise, the previous state of
that pin may be read into the CPU, rather than the
“new” state. When in doubt, it is better to separate
these instructions with a NOP, or another instruction
not accessing this 1/0 port.

Figure 10-21 shows the 1/0O model which causes this
situation. As the effective capacitance (C) becomes
larger, the rise/fall time of the 1/O pin increases. As the
device frequency increases, or the effective capaci-
tance increases, the possibility of this subsequent
PORTXx read-modify-write instruction issue increases.
This effective capacitance includes the effects of the
board traces.

The best way to address this is to add a series resistor
at the 1/0 pin. This resistor allows the 1/O pin to get to
the desired level before the next instruction.

The use of NOP instructions between the subsequent
PORTXx read-modify-write instructions, is a lower cost
solution, but has the issue that the number of NOP
instructions is dependent on the effective capacitance
C and the frequency of the device.

FIGURE 10-20: SUCCESSIVE I/0 OPERATION
. Q1] Q2| Q3] Q4] Q1] Q2| Q3] Q4] Q1; Q2] Q3| Q4] Q1] Q2| Q3| Q4] Not
\ \ \ . ) \ ote:
Instruction X PC :X PC+1 :x . PC+2 :X PC+3 . | This example shows a write to PORTB,
Fetched ! MOVWF PORTB ' MOVF PORTB,W ' ' ' + | followed by a read from PORTB.
! write to ! ! ' NOP ! NOP ! .
: PORTB : : , : : Note that:
' data setup time = (0.25Tcy - TPD)
RB7:RBO , \ X } . ) )
; . f . ; . | where Tcy = instruction cycle
: : : ' Port pin ! : TPD = propagation delay
! ! I . sampled here: | Therefore, at higher clock frequencies, a
L ! ! ! ' | write followed by a read may be problematic.
Instruction ' [ I '
Executed ' ' MOVWF PORTB : MOVF PORTB,W . NOP |
' ' write to ! ! '
! X PORTB ! X X
FIGURE 10-21: /O CONNECTION ISSUES
R BSF PORTX, PINy | BSF PORTX, PINz |
PIC17CXXX
Q | Q@ | @4 | @ | @ | @ | Q4 | Q1 |
110

VIL

B

®)
I ™ poRTX, PINY

capacitive loading on the trace.

Note 1: Thisis nota capz:mitor to ground, but the effective

Read PORTX, PINy as low T

BSF PORTX, PINz clears the value
to be driven on the PORTX, PINy pin.
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REGISTER 13-3: TCON3 REGISTER (ADDRESS: 16h, BANK 7)

bit 7
bit 6

bit 5

bit 4-3

bit 2-1

bit 0

U-0 R-0 R-0 RW-O _RMW-0 _ RMWO _ RMW-O0 _ RMW-0
— | CA4OVF | CA3OVF | CA4EDL | CA4EDO | CA3ED1 | CA3EDO | PWM3ON
bit 7 bit 0

Unimplemented: Read as ‘0’

CA4O0OVF: Capture4 Overflow Status bit

This bit indicates that the capture value had not been read from the capture register pair
(CA4H:CAA4L) before the next capture event occurred. The capture register retains the oldest
unread capture value (last capture before overflow). Subsequent capture events will not update
the capture register with the TMR3 value until the capture register has been read (both bytes).
1 = Overflow occurred on Capture4 registers

0 = No overflow occurred on Capture4 registers

CA3O0VF: Capture3 Overflow Status bit

This bit indicates that the capture value had not been read from the capture register pair
(CA3H:CA3L) before the next capture event occurred. The capture register retains the oldest
unread capture value (last capture before overflow). Subsequent capture events will not update
the capture register with the TMR3 value until the capture register has been read (both bytes).
1 = Overflow occurred on Capture3 registers

0 = No overflow occurred on Capture3 registers

CA4ED1:CA4EDO: Capture4 Mode Select bits
00 = Capture on every falling edge

01 = Capture on every rising edge

10 = Capture on every 4th rising edge

11 = Capture on every 16th rising edge

CA3ED1:CA3EDQO: Capture3 Mode Select bits
00 = Capture on every falling edge

01 = Capture on every rising edge

10 = Capture on every 4th rising edge

11 = Capture on every 16th rising edge

PWM3ON: PWM3 On bit

1 = PWM3 is enabled (the RG5/PWM3 pin ignores the state of the DDRG<5> bit)
0 = PWM3 is disabled (the RG5/PWM3 pin uses the state of the DDRG<5> bit for data direction)

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR Reset "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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13.1 Timerl and Timer2
13.1.1 TIMER1, TIMERZ2 IN 8-BIT MODE

Both Timerl and Timer2 will operate in 8-bit mode
when the T16 bit is clear. These two timers can be inde-
pendently configured to increment from the internal
instruction cycle clock (Tcy), or from an external clock
source on the RB4/TCLK12 pin. The timer clock source
is configured by the TMRXCS bit (x = 1 for Timer1,
or = 2 for Timer2). When TMRXCS is clear, the clock
source is internal and increments once every instruc-
tion cycle (Fosc/4). When TMRXCS is set, the clock
source is the RB4/TCLK12 pin and the counters will
increment on every falling edge of the RB4/TCLK12
pin.

The timer increments from 00h until it equals the Period
register (PRx). It then resets to 00h at the next incre-
ment cycle. The timer interrupt flag is set when the
timer is reset. TMR1 and TMR2 have individual inter-
rupt flag bits. The TMR1 interrupt flag bit is latched into
TMR1IF and the TMR2 interrupt flag bit is latched into
TMR2IF.

Each timer also has a corresponding interrupt enable
bit (TMRXIE). The timer interrupt can be enabled/
disabled by setting/clearing this bit. For peripheral
interrupts to be enabled, the Peripheral Interrupt
Enable bit must be set (PEIE ='1") and global interrupt
must be enabled (GLINTD ="'0").

The timers can be turned on and off under software
control. When the timer on control bit (TMRxON) is set,
the timer increments from the clock source. When
TMRXON is cleared, the timer is turned off and cannot
cause the timer interrupt flag to be set.

13.1.1.1 External Clock Input for Timerl and
Timer2

When TMRXCS is set, the clock source is the RB4/
TCLK12 pin, and the counter will increment on every
falling edge on the RB4/TCLK12 pin. The TCLK12
input is synchronized with internal phase clocks. This
causes a delay from the time a falling edge appears on
TCLK12 to the time TMR1 or TMR2 is actually incre-
mented. For the external clock input timing require-
ments, see the Electrical Specification section.

FIGURE 13-1: TIMER1 AND TIMER2 IN TWO 8-BIT TIMER/COUNTER MODE
Fosc/a 0
ey | RESET
1 T Set TMR1IF
TMR1ON | (PIR1<4>) -
(TCON2<0>) | Comparator x8 I Equal >
TMR1CS 1T
(TCON1<0>) PR1 |
X1
RB4/TCLK12
1
RESET
Fosc/4 0 TMR2 | Set TMR2IF
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FIGURE 14-1: USART TRANSMIT
Sync
\L Master/Slave
BRG
Sync/Async Sync/Async
Sync/Async TSR
CK/TX -16
X ° S [o[i[~=+ [7[6[Sp] =S
A A .

S| LL LY .

DT TXEN/
Bit Count Write to TXREG
TXREG [O|l|eee |7
ﬁ‘ Interrupt
Data Bus TXSTA<0>
TXIE
FIGURE 14-2: USART RECEIVE
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151 SPI Mode

The SPI mode allows 8-bits of data to be synchronously
transmitted and received simultaneously. All four
modes of SPI are supported. To accomplish communi-
cation, typically three pins are used:

 Serial Data Out (SDO)

« Serial Data In (SDI)

 Serial Clock (SCK)

Additionally, a fourth pin may be used when in a Slave
mode of operation:

- Slave Select (SS)

15.1.1 OPERATION

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits in the SSPCON1 register
(SSPCON1<5:0>) and SSPSTAT<7:6>. These control
bits allow the following to be specified:
» Master mode (SCK is the clock output)
» Slave mode (SCK is the clock input)
» Clock Polarity (Idle state of SCK)
» Data Input Sample Phase

(middle or end of data output time)
» Clock Edge

(output data on rising/falling edge of SCK)
» Clock Rate (Master mode only)
» Slave Select mode (Slave mode only)

Figure 15-4 shows the block diagram of the MSSP
module when in SPI mode.

FIGURE 15-4: MSSP BLOCK DIAGRAM
(SPI MODE)
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Read Write
SSPBUF reg

Y>> sspsRreg |—

SDI bit0 Shift

A Clock
i

SS Control
Enable

SS Edge
Select

Clock Select

SSPM3:SSPMO

SMP:CKE 4 TMR2 Output
2 2
% | Edge
Select Prescaler | Tosc
SCK 4,16, 64

— Data to TX/RX in SSPSR
— Data Direction bit

The MSSP consists of a transmit/receive Shift Register
(SSPSR) and a Buffer register (SSPBUF). The SSPSR
shifts the data in and out of the device, MSb first. The
SSPBUF holds the data that was written to the SSPSR,
until the received data is ready. Once the 8-bits of data
have been received, that byte is moved to the SSPBUF
register. Then the buffer full detect bit BF
(SSPSTAT<0>) and the interrupt flag bit SSPIF
(PIR2<7>) are set. This double buffering of the
received data (SSPBUF) allows the next byte to start
reception before reading the data that was just
received. Any write to the SSPBUF register during
transmission/reception of data will be ignored, and the
write collision detect bit WCOL (SSPCON1<7>) will be
set. User software must clear the WCOL bit so that it
can be determined if the following write(s) to the
SSPBUF register completed successfully.
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I°C SLAVE-TRANSMITTER (10-BIT ADDRESS)

FIGURE 15-14:
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I°C SLAVE-RECEIVER (10-BIT ADDRESS)

FIGURE 15-15:
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BTFSS Bit Test, skip if Set
Syntax: [label ] BTFSS fb
Operands: 0<f<127
0<b<7
Operation: skip if (f<b>) = 1

Status Affected:  None

Encoding: ‘ 1001 | 0bbb ‘ fEEE | fEEE ‘
Description: If bit 'b' in register 'f' is 1, then the next
instruction is skipped.
If bit 'b' is 1, then the next instruction
fetched during the current instruction exe-
cution is discarded and a NOP is executed
instead, making this a two-cycle
instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process No
register 'f Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
Example: HERE BTFSS  FLAG,1
FALSE
TRUE

Before Instruction

PC = address (HERE)
After Instruction
If FLAG<1> = 0;
PC = address (FALSE)
If FLAG<1> = 1;
PC = address (TRUE)

BTG Bit Toggle f

Syntax: [label] BTG f,b

Operands: 0<f<255
0<b<7

Operation: (f<b>) — (f<b>)

Status Affected:  None

Encoding: ‘ 0011 | 1bbb ‘ ffEf | ffEf ‘

Description: Bit 'b" in data memory location 'f' is
inverted.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read Process Write

register 'f' Data register 'f'

Example: BTG PORTC, 4

Before Instruction:

PORTC

= 011l 0101 [0x75]

After Instruction:

PORTC

= 0110 0101 [0x65]
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RETURN Return from Subroutine RLCF Rotate Left f through Carry
Syntax: [label] RETURN Syntax: [label] RLCF fd
Operands: None Operands: 0<f<255
Operation: TOS - PC; de[01]
Status Affected:  None Operation: f<n>— d<n+1>;
_ f<7> - C;
Encoding: ‘ 0000 | 0000 ‘ 0000 | 0010 ‘ C - d<0>
Description: Return from subroutine. The stack is Status Affected: C
popped and the top of the stack (TOS) ]
is loaded into the program counter. Encoding: ‘ 0001 | 1014 ‘ ffff | ffff ‘
Words: 1 Description: The contents of register 'f' are rotated
) one bit to the left through the Carry
Cycles: 2 Flag. If 'd"is O, the result is placed in
Q Cycle Activity: WREG. If 'd' is 1, the result is stored
Q1 Q2 Q3 Q4 back in register 'f'.
Decode No Process POP PC '—|
operation Data from stack
No No No No Words:
operation operation operation operation Cycles:
Q Cycle Activity:
Q1 Q2 Q3 Q4
Example: RETURN Decode Read Process Write to
register 'f' Data destination
After Interrupt
PC =TOS
Example: RLCF REG, 0
Before Instruction
REG = 1110 0110
Cc = 0
After Instruction
REG = 1110 0110
WREG = 1100 1100
o] = 1
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NOTES:
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FIGURE 21-19:

TYPICAL, MINIMUM AND MAXIMUM VoH vs. IoH (VDD = 3V, -40°C TO +125°C)
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FIGURE 21-20:

TYPICAL, MINIMUM AND MAXIMUM VoL vs. loL (VbD = 3V, -40°C TO +125°C)
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