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PIC17C4X

4.1.3 OSCILLATOR START-UP TIMER (OST)

The Oscillator Start-up Timer (OST) provides a 1024
oscillator cycle (1024Tosc) delay after MCLR is
detected high or a wake-up from SLEEP event occurs.

The OST time-out is invoked only for XT and LF oscilla-
tor modes on a Power-on Reset or a Wake-up from
SLEEP.

The OST counts the oscillator pulses on the
OSC1/CLKIN pin. The counter only starts incrementing
after the amplitude of the signal reaches the oscillator
input thresholds. This delay allows the crystal oscillator
or resonator to stabilize before the device exits reset.
The length of time-out is a function of the crystal/reso-
nator frequency.

4.1.4  TIME-OUT SEQUENCE

On power-up the time-out sequence is as follows: First
the internal POR signal goes high when the POR trip
point is reached. If MCLR is high, then both the OST
and PWRT timers start. In general the PWRT time-out
is longer, except with low frequency crystals/resona-
tors. The total time-out also varies based on oscillator
configuration. Table 4-1 shows the times that are asso-
ciated with the oscillator configuration. Figure 4-2 and
Figure 4-3 display these time-out sequences.

If the device voltage is not within electrical specification
at the end of a time-out, the MCLR/VPP pin must be
held low until the voltage is within the device specifica-
tion. The use of an external RC delay is sufficient for
many of these applications.

TABLE 4-1: TIME-OUT IN VARIOUS
SITUATIONS
Oscillator Power-up Wake up MCLR
Configuration from Reset
SLEEP
XT, LF Greater of: 1024Tosc —
96 ms or
1024Tosc
EC, RC Greater of: — —
96 ms or
1024Tosc

The time-out sequence begins from the first rising edge
of MCLR.

Table 4-3 shows the reset conditions for some special
registers, while Table 4-4 shows the initialization condi-
tions for all the registers. The shaded registers (in
Table 4-4) are for all devices except the PIC17C42. In
the PIC17C42, the PRODH and PRODL registers are
general purpose RAM.

TABLE 4-2: STATUS BITS AND THEIR
SIGNIFICANCE
TO | PD Event
1 1 | Power-on Reset, MCLR Reset during normal

operation, or CLRWDT instruction executed

1 0 | MCLR Reset during SLEEP or interrupt wake-up
from SLEEP

0 1 | WDT Reset during normal operation

0 0 | WDT Reset during SLEEP

In Figure 4-2, Figure 4-3 and Figure 4-4, TPWRT >
TosT, as would be the case in higher frequency crys-
tals. For lower frequency crystals, (i.e., 32 kHz) TosT
would be greater.

TABLE 4-3: RESET CONDITION FOR THE PROGRAM COUNTER AND THE CPUSTA REGISTER
Event PCH:PCL CPUSTA OST Active
Power-on Reset 0000h --11 11-- Yes
MCLR Reset during normal operation 0000h --11 11-- No
MCLR Reset during SLEEP 0000h --11 10-- Yes @
WDT Reset during normal operation 0000h --11 01-- No
WDT Reset during SLEEP ) 0000h --11 00-- Yes @
Interrupt wake-up from SLEEP | GLINTD is set PC+1 --11 10-- Yes @
GLINTD is clear pc+1@ --10 10-- Yes @
Legend: u = unchanged, x = unknown, - = unimplemented read as '0'.

Note 1: On wake-up, this instruction is executed. The instruction at the appropriate interrupt vector is fetched and

then executed.

2: The OST is only active when the Oscillator is configured for XT or LF modes.
3. The Program Counter = 0, that is the device branches to the reset vector. This is different from the

mid-range devices.
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TABLE 4-4: INITIALIZATION CONDITIONS FOR SPECIAL FUNCTION REGISTERS
Register Address Power-on Reset ,\\A/\S:ésgeiseett W?Eféﬁgt:ri?]TersrtEtEp
Unbanked
INDFO 00h 0000 0000 0000 0000 0000 0000
FSRO 01h XXXX  XXXX uuuu uuuu uuuu uuuu
PCL 02h 0000h 0000h PC + 1@
PCLATH 03h 0000 0000 0000 0000 uuuu uuuu
ALUSTA 04h 1111 xxxx 1111 uuuu 1111 uuuu
TOSTA 05h 0000 000- 0000 000- 0000 000-
CPUSTA® 06h --11 11-- --11 qg-- --uu qg- -
INTSTA 07h 0000 0000 0000 0000 uuuu uuuu®
INDF1 08h 0000 0000 0000 0000 uuuu uuuu
FSR1 09h XXXX XXXX uuuu uuuu uuuu uuuu
WREG OAh XXXX XXXX uuuu uuuu uuuu uuuu
TMROL 0Bh XXXX XXXX uuuu uuuu uuuu uuuu
TMROH 0Ch XXXX XXXX uuuu uuuu uuuu uuuu
TBLPTRL @ 0Dh XXXX XXXX uuuu uuuu uuuu uuuu
TBLPTRH @ OEh XXXX XXXX uuuu uuuu uuuu uuuu
TBLPTRL ® 0Dh 0000 0000 0000 0000 uuuu uuuu
TBLPTRH ® OEh 0000 0000 0000 0000 uuuu uuuu
BSR OFh 0000 0000 0000 0000 uuuu uuuu
Bank 0
PORTA 10h 0- XX XXXX 0-uu uuuu uuuu uuuu
DDRB 11h 1111 1111 1111 1111 uuuu uuuu
PORTB 12h XXXX XXXX uuuu uuuu uuuu uuuu
RCSTA 13h 0000 -00x 0000 -00u uuuu -uuu
RCREG 14h XXXX XXXX uuuu uuuu uuuu uuuu
TXSTA 15h 0000 --1x 0000 --1u uuuu --uu
TXREG 16h XXXX XXXX uuuu uuuu uuuu uuuu
SPBRG 17h XXXX XXXX uuuu uuuu uuuu uuuu
Bank 1
DDRC 10h 1111 1111 1111 1111 uuuu uuuu
PORTC 11h XXXX XXXX uuuu uuuu uuuu uuuu
DDRD 12h 1111 1111 1111 1111 uuuu uuuu
PORTD 13h XXXX XXXX uuuu uuuu uuuu uuuu
DDRE 14h ---- =111 ---- 111 ---- -uuu
PORTE 15h ---- - XXX ---- -uuu ---- -uuu
PIR 16h 0000 0010 0000 0010 uuuu uuuu®
PIE 17h 0000 0000 0000 0000 uuuu uuuu

Legend: u =unchanged, x =unknown, - = unimplemented read as '0', q = value depends on condition.

Note 1: One or more bits in INTSTA, PIR will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GLINTD bit is cleared, the PC is loaded with the interrupt

vector.

3: See Table 4-3 for reset value of specific condition.

4: Only applies to the PIC17CA42.
5. Does not apply to the PIC17C42.

00 1996 Microchip Technology Inc.
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53

This register contains the individual flag bits for the
peripheral interrupts.

Peripheral Interrupt Request Register Note: These bits will be set by the specified con-
(PIR) dition, even if the corresponding interrupt

enable bit is cleared (interrupt disabled), or
the GLINTD bit is set (all interrupts dis-
abled). Before enabling an interrupt, the
user may wish to clear the interrupt flag to
ensure that the program does not immedi-
ately branch to the peripheral interrupt ser-
vice routine.

FIGURE 5-4: PIR REGISTER (ADDRESS: 16h, BANK 1)

R/W

-0 RW-0 RW-0 RW-0 RW-0 RW-0 R-1 R-0

| RBIF | TMR3IF| TMR2IF | TMR1IF| CA2IF | CALIF | TXIF | RCIF | |R =Readable bit

bit7
bit 7:

bit 6:

bit 5:

bit 4:

bit 3:

bit 2:

bit 1:

bit O:

bit0 W = Writable bit
-n = Value at POR reset

RBIF: PORTB Interrupt on Change Flag bit
1 =0One of the PORTB inputs changed (Software must end the mismatch condition)
0 =None of the PORTB inputs have changed

TMR3IF: Timer3 Interrupt Flag bit

If Capturel is enabled (CAL/PR3 = 1)
1 =Timer3 overflowed

0 =Timer3 did not overflow

If Capturel is disabled (CA1/PR3 = 0)
1 =Timer3 value has rolled over to 0000h from equalling the period register (PR3H:PR3L) value
0 =Timer3 value has not rolled over to 0000h from equalling the period register (PR3H:PR3L) value

TMR2IF: Timer2 Interrupt Flag bit
1 =Timer2 value has rolled over to 0000h from equalling the period register (PR2) value
0 =Timer2 value has not rolled over to 0000h from equalling the period register (PR2) value

TMR1IF: Timerl Interrupt Flag bit

If Timerl is in 8-bit mode (T16 = 0)

1 =Timerl value has rolled over to 0000h from equalling the period register (PR) value

0 =Timerl value has not rolled over to 0000h from equalling the period register (PR2) value

If Timerl is in 16-bit mode (T16 = 1)
1 =TMR1:TMR2 value has rolled over to 0000h from equalling the period register (PR1:PR2) value
0 =TMR1:TMR2 value has not rolled over to 0000h from equalling the period register (PR1:PR2) value

CAZ2IF: Capture2 Interrupt Flag bit
1 = Capture event occurred on RB1/CAP2 pin
0 = Capture event did not occur on RB1/CAP2 pin

CAL1IF: Capturel Interrupt Flag bit
1 = Capture event occurred on RBO/CAP1 pin
0 = Capture event did not occur on RBO/CAP1 pin

TXIF: USART Transmit Interrupt Flag bit
1 =Transmit buffer is empty
0 = Transmit buffer is full

RCIF: USART Receive Interrupt Flag bit
1 =Receive buffer is full
0 = Receive buffer is empty
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FIGURE 6-5: PIC17C42 REGISTER FILE FIGURE 6-6: PIC17CR42/42A/43/R43/44
MAP REGISTER FILE MAP
Addr | Unbanked Addr | Unbanked |
00h INDFO 00h INDFO
01h FSRO 01h FSRO
02h PCL 02h PCL
03h PCLATH 03h PCLATH
04h ALUSTA 04h ALUSTA
05h TOSTA 05h TOSTA
06h CPUSTA 06h CPUSTA
07h INTSTA 07h INTSTA
08h INDF1 08h INDF1
09h FSR1 09h FSR1
OAh WREG OAh WREG
0Bh TMROL 0Bh TMROL
0Ch TMROH 0Ch TMROH
0Dh TBLPTRL 0Dh TBLPTRL
OEh TBLPTRH OEh TBLPTRH
OFh BSR OFh BSR
Bank 0 [Bank 1@W| Bank2® |Bank 3@ Bank 0 |Bank1® | Bank2® |Bank3®
10h PORTA DDRC TMR1 PW1DCL 10h PORTA DDRC TMR1 PW1DCL
11h DDRB PORTC TMR2 PW2DCL 11h DDRB PORTC TMR2 PW2DCL
12h PORTB DDRD TMR3L PW1DCH 12h PORTB DDRD TMR3L PW1DCH
13h RCSTA PORTD TMR3H PW2DCH 13h RCSTA PORTD TMR3H PW2DCH
14h RCREG DDRE PR1 CA2L 14h RCREG DDRE PR1 CA2L
15h TXSTA PORTE PR2 CA2H 15h TXSTA PORTE PR2 CA2H
16h TXREG PIR PR3L/CALL TCON1 16h TXREG PIR PR3L/CALL TCON1
17h SPBRG PIE PR3H/CA1H TCONZ2 17h SPBRG PIE PR3H/CA1H TCONZ2
18h 18h PRODL
19h PRODH
;g: General 1Ah
Purpose
RAM 1Fh
20h General General
Purpose Purpose
FFh RAM®@ @)
Note 1: SFR file locations 10h - 17h are banked. All
other SFRs ignore the Bank Select Register EEh
(BSR) bits. Note 1: SFR file locations 10h - 17h are banked. All

other SFRs ignore the Bank Select Register

(BSR) bits.

General Purpose Registers (GPR) locations
20h - FFh and 120h - 1FFh are banked. All
other GPRs ignore the Bank Select Register

(BSR) bits.

00 1996 Microchip Technology Inc.
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9.0 I/OPORTS

The PIC17C4X devices have five I/O ports, PORTA
through PORTE. PORTB through PORTE have a corre-
sponding Data Direction Register (DDR), which is used
to configure the port pins as inputs or outputs. These
five ports are made up of 33 I/O pins. Some of these
ports pins are multiplexed with alternate functions.

PORTC, PORTD, and PORTE are multiplexed with the
system bus. These pins are configured as the system
bus when the device’s configuration bits are selected to
Microprocessor or Extended Microcontroller modes. In
the two other microcontroller modes, these pins are
general purpose /0.

PORTA and PORTB are multiplexed with the peripheral
features of the device. These peripheral features are:

» Timer modules

e Capture module

« PWM module

* USART/SCI module
« External Interrupt pin

When some of these peripheral modules are turned on,
the port pin will automatically configure to the alternate
function. The modules that do this are:

« PWM module
* USART/SCI module

When a pin is automatically configured as an output by
a peripheral module, the pins data direction (DDR) bit
is unknown. After disabling the peripheral module, the
user should re-initialize the DDR bit to the desired con-
figuration.

The other peripheral modules (which require an input)
must have their data direction bit configured appropri-
ately.

Note: A pinthatis a peripheral input, can be con-
figured as an output (DDRx<y> is cleared).
The peripheral events will be determined

by the action output on the port pin.

9.1 PORTA Reqister

PORTA is a 6-bit wide latch. PORTA does not have a
corresponding Data Direction Register (DDR).

Reading PORTA reads the status of the pins.

The RA1 pin is multiplexed with TMRO clock input, and
RA4 and RA5 are multiplexed with the USART func-
tions. The control of RA4 and RA5 as outputs is auto-
matically configured by the USART module.

9.11 USING RA2, RA3 AS OUTPUTS

The RA2 and RA3 pins are open drain outputs. To use
the RA2 or the RA3 pin(s) as output(s), simply write to
the PORTA register the desired value. A '0" will cause
the pin to drive low, while a '1' will cause the pin to float
(hi-impedance). An external pull-up resistor should be
used to pull the pin high. Writes to PORTA will not affect
the other pins.

Note:  When using the RA2 or RA3 pin(s) as out-
put(s), read-modify-write instructions (such
as BCF, BSF, BTG on PORTA are not rec-
ommended.

Such operations read the port pins, do the
desired operation, and then write this value
to the data latch. This may inadvertently
cause the RA2 or RA3 pins to switch from
input to output (or vice-versa).

It is recommended to use a shadow regis-
ter for PORTA. Do the bit operations on this
shadow register and then move it to
PORTA.

FIGURE 9-1: RAO AND RA1 BLOCK
DIAGRAM

L

RD_PORTA
(Q2)

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

00 1996 Microchip Technology Inc.
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TABLE 9-5: PORTC FUNCTIONS

Name Bit | Buffer Type Function
RCO/ADO bit0 TTL Input/Output or system bus address/data pin.
RC1/AD1 bitl TTL Input/Output or system bus address/data pin.
RC2/AD2 bit2 TTL Input/Output or system bus address/data pin.
RC3/AD3 bit3 TTL Input/Output or system bus address/data pin.
RC4/AD4 bit4 TTL Input/Output or system bus address/data pin.
RC5/AD5 bit5 TTL Input/Output or system bus address/data pin.
RC6/AD6 bit6 TTL Input/Output or system bus address/data pin.
RC7/AD7 bit7 TTL Input/Output or system bus address/data pin.

Legend: TTL =TTL input.

TABLE 9-6: REGISTERS/BITS ASSOCIATED WITH PORTC

Value on Value on all
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on other resets
Reset (Notel)
RC7/ RC6/ RC5/ RC4/ RC3/ RC2/ RC1/ RCO/
11h, Bank 1 | PORTC AD7 AD6 AD5 AD4 AD3 AD2 AD1L ADO XXXX XXXX uuuu uuuu
10h, Bank 1 | DDRC Data direction register for PORTC 1111 1111 | 1111 1111

Legend: x =unknown, u = unchanged.
Note 1: Other (non power-up) resets include: external reset through MCLR and the Watchdog Timer Reset.
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9.4.1 PORTE AND DDRE REGISTER

PORTE is a 3-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 it will write to the port latch.
PORTE is multiplexed with the system bus. When
operating as the system bus, PORTE contains the con-
trol signals for the address/data bus (AD15:ADO).
These control signals are Address Latch Enable (ALE),
Output Enable (OE), and Write (WR). The control sig-
nals OE and WR are active low signals. The timing for
the system bus is shown in the Electrical Characteris-
tics section.

Note:  This port is configured as the system bus
when the device’s configuration bits are
selected to Microprocessor or Extended
Microcontroller modes. In the two other
microcontroller modes, this port is a gen-
eral purpose I/O.

Example 9-4 shows the instruction sequence to initial-
ize PORTE. The Bank Select Register (BSR) must be
selected to Bank 1 for the port to be initialized.

EXAMPLE 9-4: INITIALIZING PORTE
MOVLB 1 ; Select Bank 1

CLRF PORTE Initialize PORTE data
; | at ches before setting
; the data direction
; register

MOVLW 0x03 ; Value used to initialize
; data direction

MOVWF  DDRE Set RE<1: 0> as inputs

; RE<2> as outputs
RE<7: 3> are al ways
read as '0'

FIGURE 9-8: PORTE BLOCK DIAGRAM (IN I/O PORT MODE)

| ] . | Data Bus
TTL
Input
Buffer
RD_PORTE
0 Port Q
1| pata WR_PORTE
“LCK
LT// RD_DDRE
Q
WR_DDRE
“CK
R S
EX_EN
CNTL | sysBus

DRV SYS Control

Note: I/O pins have protection diodes to VbbD and Vss.
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12.1.2 TIMER1 & TIMERZ2 IN 16-BIT MODE

To select 16-bit mode, the T16 bit must be set. In this
mode TMR1 and TMR2 are concatenated to form a
16-bit timer (TMR2:TMR1). The 16-bit timer incre-
ments until it matches the 16-bit period register
(PR2:PR1). On the following timer clock, the timer
value is reset to Oh, and the TMRL1IF bit is set.

When selecting the clock source for thel6-bit timer, the
TMR1CS bit controls the entire 16-bit timer and
TMR2CS is a “don’t care.” When TMR1CS is clear, the
timer increments once every instruction cycle (Fosc/4).
When TMRI1CS is set, the timer increments on every
falling edge of the RB4/TCLK12 pin. For the 16-bit timer
to increment, both TMR1ON and TMR2ON bits must be
set (Table 12-1).

12.1.2.1 EXTERNAL CLOCK INPUT FOR

TMR1:TMR2

When TMRI1CS is set, the 16-bit TMR2:TMR1 incre-
ments on the falling edge of clock input TCLK12. The
input on the RB4/TCLK12 pin is sampled and synchro-
nized by the internal phase clocks twice every instruc-
tion cycle. This causes a delay from the time a falling
edge appears on RB4/TCLK12 to the time
TMR2:TMR1 is actually incremented. For the external
clock input timing requirements, see the Electrical
Specification section.

TABLE 12-1: TURNING ON 16-BIT TIMER
TMR20ON TMR1ON Result
1 1 16-bit timer
(TMR2:TMR1) ON
0 1 Only TMRL1 increments
X 0 16-bit timer OFF

FIGURE 12-4: TMR1 AND TMR2 IN 16-BIT TIMER/COUNTER MODE

1
BTk ) |  TMR2x8 |  TMR1xs Pﬁet

0 Set Interrupt TMR1IF

Fosc/4 F'\"Eé'\' iy (PIR<4>)
(TCON2<0>) | Compa{r?ator x16 quu<a.I—>
(TT’\é%llxlc 1S<o>) | PR2x8 | PR1x8 |
TABLE 12-2: SUMMARY OF TIMER1 AND TIMER2 REGISTERS
Value on | Value on all
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on | other resets
Reset (Notel)

16h, Bank 3 TCON1 CA2ED1| CA2EDO | CA1ED1 | CA1EDO T16 TMR3CS | TMR2CS | TMR1CS| 0000 0000 | 0000 0000
17h, Bank 3 TCON2 CA20VF | CA1OVF | PWM20ON| PWM1ON | CA1/PR3| TMR3ON | TMR20ON| TMR1ON| 0000 0000 | 0000 0000
10h, Bank 2 TMR1 Timerl register XXXX XXXX [ uuuu uuuu
11h, Bank 2 TMR2 Timer2 register XXXX XXXX [ uuuu uuuu
16h, Bank 1 PIR RBIF TMR3IF | TMR2IF | TMR1IF CA2IF CAlIF TXIF RCIF 0000 0010 | 0000 0010
17h, Bank 1 PIE RBIE TMR3IE | TMR2IE | TMRI1IE CA2IE CAlIE TXIE RCIE 0000 0000 | 0000 0000
07h, Unbanked |INTSTA PEIF TOCKIF TOIF INTF PEIE TOCKIE TOIE INTE 0000 0000 | 0000 0000
06h, Unbanked [CPUSTA — — STKAV | GLINTD TO PD — — --11 11-- | --11 qg-
14h, Bank 2 PR1 Timerl period register XXXX XXXX | uuuu uuuu
15h, Bank 2 PR2 Timer2 period register XXXX XXXX | uuuu uuuu
10h, Bank 3 PW1DCL DC1 DCO — — — — — — XX-=- ---- uu-- ----
11h, Bank 3 PW2DCL DC1 DCO TM2PW2 — — — — — xx0- ---- | uu0- ----
12h, Bank 3 PW1DCH DC9 DC8 DC7 DC6 DC5 DC4 DC3 DC2 XXXX XXXX | uuuu uuuu
13h, Bank 3 PW2DCH DC9 DC8 DC7 DC6 DC5 DC4 DC3 DC2 XXXX XXXX | uuuu uuuu
Legend: x =unknown, u = unchanged, - = unimplemented read as a '0', q - value depends on condition,

shaded cells are not used by Timerl or Timer2.

Note 1: Other (non power-up) resets include: external reset through MCLR and WDT Timer Reset.
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13.3 USART Synchronous Master Mode

In Master Synchronous mode, the data is transmitted in
a half-duplex manner; i.e. transmission and reception
do not occur at the same time: when transmitting data,
the reception is inhibited and vice versa. The synchro-
nous mode is entered by setting the SYNC
(TXSTA<4>) bit. In addition, the SPEN (RCSTA<7>) bit
is set in order to configure the RA5 and RA4 1/O ports
to CK (clock) and DT (data) lines respectively. The
Master mode indicates that the processor transmits the
master clock on the CK line. The Master mode is
entered by setting the CSRC (TXSTA<7>) bit.

13.3.1 USART SYNCHRONOUS MASTER
TRANSMISSION

The USART transmitter block diagram is shown in
Figure 13-3. The heart of the transmitter is the transmit
(serial) shift register (TSR). The shift register obtains its
data from the read/write transmit buffer TXREG.
TXREG is loaded with data in software. The TSR is not
loaded until the last bit has been transmitted from the
previous load. As soon as the last bit is transmitted, the
TSR is loaded with new data from TXREG (if available).
Once TXREG transfers the data to the TSR (occurs in
one Tcy at the end of the current BRG cycle), TXREG
is empty and the TXIF (PIR<1>) bit is set. This interrupt
can be enabled/disabled by setting/clearing the TXIE
bit (PIE<1>). TXIF will be set regardless of the state of
bit TXIE and cannot be cleared in software. It will reset
only when new data is loaded into TXREG. While TXIF
indicates the status of TXREG, TRMT (TXSTA<1>)
shows the status of the TSR. TRMT is a read only bit
which is set when the TSR is empty. No interrupt logic
is tied to this bit, so the user has to poll this bit in order
to determine if the TSR is empty. The TSR is not
mapped in data memory, so it is not available to the
user.

Transmission is enabled by setting the TXEN
(TXSTA<5>) bit. The actual transmission will not occur
until TXREG has been loaded with data. The first data
bit will be shifted out on the next available rising edge
of the clock on the RA5/TX/CK pin. Data out is stable
around the falling edge of the synchronous clock
(Figure 13-10). The transmission can also be started
by first loading TXREG and then setting TXEN. This is
advantageous when slow baud rates are selected,
since BRG is kept in RESET when the TXEN, CREN,
and SREN bits are clear. Setting the TXEN bit will start
the BRG, creating a shift clock immediately. Normally
when transmission is first started, the TSR is empty, so
a transfer to TXREG will result in an immediate transfer
to the TSR, resulting in an empty TXREG.
Back-to-back transfers are possible.

Clearing TXEN during a transmission will cause the
transmission to be aborted and will reset the transmit-
ter. The RA4/RX/DT and RA5/TX/CK pins will revert to
hi-impedance. If either CREN or SREN are set during
a transmission, the transmission is aborted and the

RA4/RX/DT pin reverts to a hi-impedance state (for a
reception). The RA5/TX/CK pin will remain an output if
the CSRC bit is set (internal clock). The transmitter
logic is not reset, although it is disconnected from the
pins. In order to reset the transmitter, the user has to
clear the TXEN bit. If the SREN bit is set (to interrupt an
ongoing transmission and receive a single word), then
after the single word is received, SREN will be cleared
and the serial port will revert back to transmitting, since
the TXEN bit is still set. The DT line will immediately
switch from hi-impedance receive mode to transmit
and start driving. To avoid this, TXEN should be
cleared.

In order to select 9-bit transmission, the
TX9 (TXSTA<6>) hit should be set and the ninth bit
should be written to TX9D (TXSTA<0>). The ninth bit
must be written before writing the 8-bit data to TXREG.
This is because a data write to TXREG can result in an
immediate transfer of the data to the TSR (if the TSR is
empty). If the TSR was empty and TXREG was written
before writing the “new” TX9D, the “present” value of
TX9D is loaded.

Steps to follow when setting up a Synchronous Master
Transmission:

1. Initialize the SPBRG register for the appropriate
baud rate (see Baud Rate Generator Section for
details).

2. Enable the synchronous master serial port by
setting the SYNC, SPEN, and CSRC bits.

3. Ensure that the CREN and SREN bits are clear
(these bits override transmission when set).

4. If interrupts are desired, then set the TXIE bit
(the GLINTD bit must be clear and the PEIE bit
must be set).

5. If 9-bit transmission is desired, then set the TX9
bit.

6. Start transmission by loading data to the
TXREG register.

7. If 9-bit transmission is selected, the ninth bit
should be loaded in TX9D.

8. Enable the transmission by setting TXEN.

Writing the transmit data to the TXREG, then enabling
the transmit (setting TXEN) allows transmission to start
sooner then doing these two events in the reverse
order.

Note: To terminate a transmission, either clear
the SPEN bit, or the TXEN bit. This will
reset the transmit logic, so that it will be in
the proper state when transmit is
re-enabled.

00 1996 Microchip Technology Inc.

DS30412C-page 93



PIC17C4X

TABLE 15-2: PIC17CXX INSTRUCTION SET

Mnemonic, Description Cycles 16-bit Opcode Status Notes
Operands MSb LSb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF fd ADD WREG to f 1 0000 111d ffff ffff ov,C,DC,Zz
ADDWFC  f,d |ADD WREG and Carry bit to f 1 0001 oood ffff ffff | OV,C,DC,Z
ANDWF f,d AND WREG with f 1 0000 101d ffff ffff z
CLRF f,s Clear f, or Clear f and Clear WREG 1 0010 100s ffff ffff None |3
COMF f,d |Complement f 1 0001 001d ffff ffff z
CPFSEQ f Compare f with WREG, skip if f = WREG 1(2) |0011 0001 ffff ffff None |6,8
CPFSGT f Compare f with WREG, skip if f > WREG 1(2) |0011 0010 ffff ffff None |2,6,8
CPFSLT f Compare f with WREG, skip if f < WREG 1(2) |0011 0000 ffff ffff None |2,6,8
DAW f,s Decimal Adjust WREG Register 1 0010 111s ffff ffff C |3
DECF f,d Decrement f 1 0000 011d ffff ffff ov,C,DC,Zz
DECFSZ f,d Decrement f, skip if O 1(2) |0001 O011d ffff ffff None |6,8
DCFSNZ f,d Decrement f, skip if not 0 1(2) |0010 011d ffff ffff None |6,8
INCF f,d Increment f 1 0001 010d ffff ffff ov,C,DC,Zz
INCFSZ f,d Increment f, skip if 0 1(2) |0001 111d ffff ffff None |6,8
INFSNZ f,d Increment f, skip if not O 1(2) |0010 010d ffff ffff None |6,8
IORWF fd Inclusive OR WREG with f 1 0000 100d ffff ffff z
MOVFP f,p  |Moveftop 1 011p pppp ffff ffff None
MOVPF p.f Move p to f 1 010p pppp ffff ffff z
MOVWF f Move WREG to f 1 0000 0001 ffff ffff None
MULWF f Multiply WREG with f 1 0011 0100 ffff ffff None
NEGW f,s Negate WREG 1 0010 110s ffff ffff ovV,C,DC,Zz |1,3
NOP — No Operation 1 0000 0000 0000 0000 None
RLCF f,d Rotate left f through Carry 1 0001 101d ffff ffff C
RLNCF f,d Rotate left f (no carry) 1 0010 001d ffff ffff None
RRCF f,d Rotate right f through Carry 1 0001 100d ffff ffff C
RRNCF f,d Rotate right f (no carry) 1 0010 000d ffff ffff None
SETF f,s Set f 1 0010 101s ffff ffff None |3
SUBWF f,d |Subtract WREG from f 1 0000 o1o0d ffff ffff | OV,C,DC,Z
SUBWFB f,d  |Subtract WREG from f with Borrow 1 0000 oo01d ffff ffff | OV,C,DCZ |1
SWAPF f,d Swap f 1 0001 110d ffff ffff None
TABLRD t,i,f |Table Read 2(3) |1010 1o0ti ffff ffff None |7

Legend: Refer to Table 15-1 for opcode field descriptions.
Note 1: 2’s Complement method.

2: Unsigned arithmetic.

3: If s="1", only the file is affected: If s ='0', both the WREG register and the file are affected; If only the Working

register (WREG) is required to be affected, then f = WREG must be specified.

4: During an LCALL, the contents of PCLATH are loaded into the MSB of the PC andkkkk kkkk is loaded into

the LSB of the PC (PCL)

5: Multiple cycle instruction for EPROM programming when table pointer selects internal EPROM. The instruc-
tion is terminated by an interrupt event. When writing to external program memaory, it is a two-cycle instruc-
tion.

Two-cycle instruction when condition is true, else single cycle instruction.

Two-cycle instruction except for TABLRDto PCL (program counter low byte) in which case it takes 3 cycles.

8: A “skip” means that instruction fetched during execution of current instruction is not executed, instead an
NOP is executed.

9: These instructions are not available on the PIC17C42.

N @
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BSF Bit Set f BTFSC Bit Test, skip if Clear
Syntax: [ label] BSF fb Syntax: [ label] BTFSC fb
Operands: 0<f<255 Operands: 0<f<255
0<b<7 0<b<7?
Operation: 1 - (f<b>) Operation: skip if (f<b>) =0
Status Affected:  None Status Affected:  None
Encoding: | 1000 | obbb | fftf | et | Encoding: | 1001 | bbb | tfff | ffff |
Description: Bit 'b" in register 'f' is set. Description: If bit ‘b’ in register 'f' is 0 then the next
Words: 1 |nst‘ruct|.0n is skipped. . .
If bit 'b" is 0 then the next instruction
Cycles: 1 fetched during the current instruction exe-
Q Cycle Activity: cution_is discarded,_ and g NOP is exe-
cuted instead, making this a two-cycle
Q1 Q2 Qs Q4 instruction.
Decode Read Execute Write .
register 'f' register 'f' Words: 1
Cycles: 1(2)
Example: BSF FLAG REG, 7 o
Before Instruction Q Cycle Activity:
ucti
FLAG_REG= O0x0A Q1 Q2 Q3 Q4
. Decode Read Execute NOP
After Instruction register '
FLAG_REG= O0x8A ;
If skip:
Q1 Q2 Q3 Q4
|ForcedNOP | NOP | Execute | NoP |
m: HERE BTFSC FLAG 1
FALSE
TRUE
Before Instruction
PC = address ( HERE)
After Instruction
If FLAG<1> = 0;
PC = address ( TRUE)
If FLAG<1> = 1,
PC =  address ( FALSE)
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RETURN Return from Subroutine RLCF Rotate Left f through Carry
Syntax: [ labell RETURN Syntax: [ labell RLCF
Operands: None Operands: 0<f<255
Operation: TOS - PC; d0[0,1]
Status Affected:  None Operation: f<n> - d<n+1>;
. f<7> - C;
Encoding: | 0000 | 0000 | oooo | oo10 | C - d<os
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 | 101d | feff | 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 Read Execute NOP <—|
register
PCL* Words:
Forced NOP NOP Execute NOP Cycles:

* Remember reading PCL causes PCLATH to be updated.

This will be the high address of where the RETURN instruc- Q Cycle Activity:

tion is located. Q1 Q2 Q3 Q4
. Decode Read Execute Write to
Example: RETURN register 'f destination
After Interrupt
pC = T(F;S Example: RLCF REG, 0
Before Instruction
REG = 1110 0110
C = 0
After Instruction
REG = 1110 0110
WREG = 1100 1100
C = 1
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|Applicable Devices |42 |R42[42A|43|R43 (44|

FIGURE 17-1: PARAMETER MEASUREMENT INFORMATION

All timings are measure between high and low measurement points as indicated in the figures below.

INPUT LEVEL CONDITIONS
PORTC, D and E pins
>< >< >< VIH = 2.4V
VIL = 0.4V
 Data in valid Lo
. — -
All other input pins Data in invalid
VIH = 0.9VDD
>< >< >< ViL = 0.1VDD
' Data in valid v
. — -
Data in invalid
OUTPUT LEVEL CONDITIONS
VOH=0.7VDD —H#---------
VDD/2 . X
VoL = 0.3VDbD N----~-~-~"--"- \
+ Data out valid ' : ) .
-~ -~
Data out invalid + Output -
hi-impedance
X """""" X 0.9VDD ><
0.1VDD A - - - - - - - - - - -
—» < Rise Time  —» & Fall Time
LOAD CONDITIONS
Load Condition 1 Load Condition 2
\VDD/2
RL
Pin
Pin I CL I CL
Vss Vss
RL = 464
CL <50 pF
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|Applicable Devices [42|R42[42A[43|R43(44 |

19.5

FIGURE 19-2: EXTERNAL CLOCK TIMING

Timing Diagrams and Specifications

Q4

Q1

Q4

0OSsC1 .
': - ] —— 3:<—>j -3 - -
! ! l \ 4! - -
|- 2 ol
0osC2 1 /
T In EC and RC modes only.
TABLE 19-2: EXTERNAL CLOCK TIMING REQUIREMENTS
Param
No. Sym Characteristic Min | Typt | Max | Units Conditions
Fosc |External CLKIN Frequency| DC — 8 MHz | EC osc mode - 08 devices (8 MHz devices)
(Note 1) DC — 16 MHz - 16 devices (16 MHz devices)
DC — 25 MHz - 25 devices (25 MHz devices)
DC — 33 MHz - 33 devices (33 MHz devices)
Oscillator Frequency DC — 4 MHz | RC osc mode
(Note 1) 1 — 8 MHz | XT osc mode - 08 devices (8 MHz devices)
1 — 16 MHz - 16 devices (16 MHz devices)
1 — 25 MHz - 25 devices (25 MHz devices)
1 — 33 MHz - 33 devices (33 MHz devices)
DC — 2 MHz | LF osc mode
1 Tosc | External CLKIN Period 125 — — ns | EC osc mode - 08 devices (8 MHz devices)
(Note 1) 62.5 — — ns - 16 devices (16 MHz devices)
40 — — ns - 25 devices (25 MHz devices)
30.3 — — ns - 33 devices (33 MHz devices)
Oscillator Period 250 — — ns | RC osc mode
(Note 1) 125 — 1,000 ns | XT osc mode - 08 devices (8 MHz devices)
62.5 — 1,000 ns - 16 devices (16 MHz devices)
40 — 1,000 ns - 25 devices (25 MHz devices)
30.3 — 1,000 ns - 33 devices (33 MHz devices)
500 — — ns | LF osc mode
2 Tcy |Instruction Cycle Time 121.2| 4/Fosc DC ns
(Note 1)
3 TosL, |Clock in (OSC1) 10 — — ns | EC oscillator
TosH | high or low time
4 TosR, |Clock in (OSC1) — — 5% ns | EC oscillator
TosF [rise or fall time
T Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
¥ These parameters are for design guidance only and are not tested, nor characterized.
Note 1: Instruction cycle period (Tcy) equals four times the input oscillator time base period. All specified values are based on

characterization data for that particular oscillator type under standard operating conditions with the device executing code.
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con-
sumption. All devices are tested to operate at “min.” values with an external clock applied to the OSC1/CLKIN pin.

When an external clock input is used, the “max.” cycle time limit is “DC” (no clock) for all devices.
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|Applicable Devices [42|R42[42A[43|R43|44 |

FIGURE 20-2: TYPICAL RC OSCILLATOR FREQUENCY vs. VbD

VoD (Volts)
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I
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n
L? 1.5
Cext=22pFT=25°C
1.0
0.5
0.0 R =100k
4.0 4.5 5.0 55 6.0 6.5
VDD (Volts)
FIGURE 20-3: TYPICAL RC OSCILLATOR FREQUENCY vs. VDD
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\
\
3.5
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O
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PIC16C8X Family of Devices
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PIC17CXX Family of Devices
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PIN COMPATIBILITY

Devices that have the same package type and VbD,
Vss and MCLR pin locations are said to be pin
compatible. This allows these different devices to
operate in the same socket. Compatible devices may
only requires minor software modification to allow
proper operation in the application socket
(ex., PIC16C56 and PIC16C61 devices). Not all
devices in the same package size are pin compatible;
for example, the PIC16C62 is compatible with the
PIC16C63, but not the PIC16C55.

Pin compatibility does not mean that the devices offer
the same features. As an example, the PIC16C54 is
pin compatible with the PIC16C71, but does not have
an A/D converter, weak pull-ups on PORTB, or
interrupts.

TABLE E-1: PIN COMPATIBLE DEVICES

Pin Compatible Devices Package
PIC12C508, PIC12C509 8-pin
PIC16C54, PIC16C54A, 18-pin
PIC16CR54A, 20-pin
PIC16C56,

PIC16C58A, PIC16CR58A,

PIC16C61,

PIC16C554, PIC16C556, PIC16C558

P1C16C620, PIC16C621, PIC16C622,

PIC16C710, PIC16C71, PIC16C711,

PIC16F83, PIC16CRS83,

PIC16C84, PIC16F84A, PIC16CR84

PIC16C55, 28-pin
PIC16C57, PIC16CR57B

PIC16C62, PIC16CR62, PIC16C62A, PIC16C63, 28-pin
PIC16C72, PIC16C73, PIC16C73A

PIC16C64, PIC16CR64, PIC16C64A, 40-pin
PIC16C65, PIC16C65A,

PIC16C74, PIC16C74A

PIC17C42, PIC17CR42, PIC17C42A, 40-pin
PIC17C43, PIC17CR43, PIC17C44

PIC16C923, PIC16C924 64/68-pin
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Indirect Addressing
Indirect ADdressing ........cccceeveiiiiiniiniieneeee e 39
[©] 011 -1 1 o] o PRSP R T UUPPOTRRN 40
REQISLEIS ...oiiiiiiie e 40

Initialization Conditions For Special Function Registers .... 19
Initializing PORTB
Initializing PORTC
Initializing PORTD
Initializing PORTE .
Instruction FIow/Pipelining ........cccooviieiiiieeiiiieenec e 14
INSLIUCHION St ..o 110

CLRWDT ..ot 118
COMPF 118
CPESEQ . 119
CPESGT . 119
CPESLT i 120
DAW o 120
DECF oo 121
DECFSNZ ....ooiiiiiiiiiii e 122

DECFSZ ..o 121

RETLW .o 131

SWAPFE e 137

TABLRD ... 137, 138
TABLWT .. 138, 139
TLRD e 139
TLWT i 140

TSTESZ .o
XORLW ..
XORWE .ttt
Instruction Set SUMMAIY ........cceveiiiiiiiiiiee e 107
INT PN et 26
INTE oottt 22
INTEDG ..ccovvveiereceereecee .38, 67
Interrupt on Change Feature .........ccccvveeevcieeeviiee e 55
Interrupt Status Register (INTSTA) ...ooovieiiiieeeiiiee e 22
Interrupts
CONEXE SAVING ..eivveeiieiiieiie e 27
Flag bits
TMR1IE
TMR1IF
TMR2IE
TMR2IF ...
TMR3IE ....
TMR3IF .
INEEITUPLS oo
LOGIC ittt
(@011 -1 1] o TR PPUUTPTOT
Peripheral Interrupt Enable ............ccccoiiiiiceens 23
Peripheral Interrupt ReqUeSt .........ccccevvveeviieeeiiieens 24
PWM oo 76
Status REGISTEN ......vvviiiiieeie e 22
Table Write INnteraction .........ccccocveviineenieeieeneee 45
THMING e 26
Vectors
Peripheral INterrupt ..o 26
RAO/INT INtEITUPt oo 26
TOCKI INTEITUPL e 26
TMRO INTEITUPL ..o 26
Vectors/PrioritiesS ........cccccceeiiiiiiiiiciiicec e 25
Wake-up from SLEEP .. ..105
INTF ettt et 22
INTSTA e et 34
INTSTA REQISEN ...eeiiiiieiiiiie ettt 22
TORLW .ttt 124
TORWE ..ottt e 125
L
LCALL ottt 125
LONG WIILES ..t 45
M
Memory
External Interface ........cccocvvviiiiiieninesce e 31
External Memory Waveforms ..........cccceocvveniiniiennenns 31
Memory Map (Different Modes) ........ccccoeeeriiieinineennns 30
Mode MEmOry ACCESS .....c.eereieiiieniiieiiiesiieeniee e 30
Organization ..........ccoceviiieriienienee e 29
Program MemOIY ........cocoiiiiiiiiieiieeiiiee e 29
Program Memory Map .......cccoocvveiiieeeiiiee e 29
MICrOCONLIOIIET ..ot 29
MICTOPIOCESSOE ...uiiiieiiiiee ettt 29
Minimizing Current Consumption ..106
MOVFP ..... ..126
MOVLB ..... ..126
MOVLR .o 127
MOVLW ottt 127
MOVPF .ot 128
MOVWE ..o 128
MPASM ASSEMDIET ....ovveeiiiiiiiiiieee e 143, 144
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NOTES:
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