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For register and module descriptions in this data sheet, device legends show which devices apply to those sections.
For example, the legend below shows that some features of only the PIC17C43, PIC17CR43, PIC17C44 are described
in this section.

Applicable Devices
42| R42|42A[43|R43]| 44

To Our Valued Customers
We constantly strive to improve the quality of all our products and documentation. We have spent an excep-
tional amount of time to ensure that these documents are correct. However, we realize that we may have
missed a few things. If you find any information that is missing or appears in error from the previous version of
the PIC17C4X Data Sheet (Literature Number DS30412B), please use the reader response form in the back
of this data sheet to inform us. We appreciate your assistance in making this a better document.

To assist you in the use of this document, Appendix C contains a list of new information in this data sheet,
while Appendix D contains information that has changed
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NOTES:
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5.1 Interrupt Status Register (INTSTA)

The Interrupt Status/Control register (INTSTA) records
the individual interrupt requests in flag bits, and con-
tains the individual interrupt enable bits (not for the
peripherals).

The PEIF bit is a read only, bit wise OR of all the periph-
eral flag bits in the PIR register (Figure 5-4).

Note: TOIF, INTF, TOCKIF, or PEIF will be set by
the specified condition, even if the corre-
sponding interrupt enable bit is clear (inter-
rupt disabled) or the GLINTD bit is set (all
interrupts disabled).

Care should be taken when clearing any of the INTSTA
register enable bits when interrupts are enabled
(GLINTD is clear). If any of the INTSTA flag bits (TOIF,
INTF, TOCKIF, or PEIF) are set in the same instruction
cycle as the corresponding interrupt enable bit is
cleared, the device will vector to the reset address
(0x00).

When disabling any of the INTSTA enable bits, the
GLINTD bit should be set (disabled).

FIGURE 5-2: INTSTA REGISTER (ADDRESS: 07h, UNBANKED)

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

| PEIF [TocKIF| TOIF | INTF | PEIE |TOCKIE| TOIE | INTE | |R=Readable bit

bit7
bit 7: PEIF: Peripheral Interrupt Flag bit

1 = A peripheral interrupt is pending
0 = No peripheral interrupt is pending

bit 5: TOIF: TMRO Overflow Interrupt Flag bit

1 =TMRO overflowed
0 =TMRO did not overflow

bit 3: PEIE: Peripheral Interrupt Enable bit

1 = Enable peripheral interrupts
0 = Disable peripheral interrupts

0 = Disable interrupt on the RA1/TOCKI pin

bit 1: TOIE: TMRO Overflow Interrupt Enable bit
1 = Enable TMRO overflow interrupt
0 = Disable TMRO overflow interrupt

This bit is the OR of all peripheral interrupt flag bits AND’ed with their corresponding enable bits.

bit 6: TOCKIF: External Interrupt on TOCKI Pin Flag bit
This bit is cleared by hardware, when the interrupt logic forces program execution to vector (18h).
1 =The software specified edge occurred on the RA1/TOCKI pin
0 =The software specified edge did not occur on the RAL/TOCKI pin

This bit is cleared by hardware, when the interrupt logic forces program execution to vector (10h).

bit 4:  INTF: External Interrupt on INT Pin Flag bit
This bit is cleared by hardware, when the interrupt logic forces program execution to vector (08h).
1 =The software specified edge occurred on the RAO/INT pin
0 =The software specified edge did not occur on the RAQ/INT pin

This bit enables all peripheral interrupts that have their corresponding enable bits set.

bit 2: TOCKIE: External Interrupt on TOCKI Pin Enable bit
1 = Enable software specified edge interrupt on the RA1/TOCKI pin

bit O: INTE: External Interrupt on RAO/INT Pin Enable bit
1 = Enable software specified edge interrupt on the RAO/INT pin
0 = Disable software specified edge interrupt on the RAO/INT pin

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

DS30412C-page 22
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6.0 MEMORY ORGANIZATION

There are two memory blocks in the PIC17C4X; pro-
gram memory and data memory. Each block has its
own bus, so that access to each block can occur during
the same oscillator cycle.

The data memory can further be broken down into Gen-
eral Purpose RAM and the Special Function Registers
(SFRs). The operation of the SFRs that control the
“core” are described here. The SFRs used to control
the peripheral modules are described in the section dis-
cussing each individual peripheral module.

6.1 Program Memory Organization

PIC17C4X devices have a 16-bit program counter
capable of addressing a 64K x 16 program memory
space. The reset vector is at 0000h and the interrupt
vectors are at 0008h, 0010h, 0018h, and 0020h
(Figure 6-1).

6.1.1 PROGRAM MEMORY OPERATION

The PIC17C4X can operate in one of four possible pro-
gram memory configurations. The configuration is
selected by two configuration bits. The possible modes
are:

* Microprocessor
* Microcontroller
» Extended Microcontroller
» Protected Microcontroller

The microcontroller and protected microcontroller
modes only allow internal execution. Any access
beyond the program memory reads unknown data.
The protected microcontroller mode also enables the
code protection feature.

The extended microcontroller mode accesses both the
internal program memory as well as external program
memory. Execution automatically switches between
internal and external memory. The 16-bits of address
allow a program memory range of 64K-words.

The microprocessor mode only accesses the external
program memory. The on-chip program memory is
ignored. The 16-bits of address allow a program mem-
ory range of 64K-words. Microprocessor mode is the
default mode of an unprogrammed device.

The different modes allow different access to the con-
figuration bits, test memory, and boot ROM. Table 6-1
lists which modes can access which areas in memory.
Test Memory and Boot Memory are not required for
normal operation of the device. Care should be taken to
ensure that no unintended branches occur to these
areas.

FIGURE 6-1: PROGRAM MEMORY MAP
AND STACK
[ PC<15:0> |
CALL, RETURN 16

RETFI E, RETLW

Stack Level 1
Stack Level 16
Reset Vector 0000h
INT Pin Interrupt Vector 0008h
TimerO Interrupt Vector 0010h
TOCKI Pin Interrupt Vector | 0018h
Peripheral Interrupt Vector | 0020h
0021h
_________________ 7FFh
(PIC17C42,
2 PIC17CR42,
=) PIC17C42A)
== T FFFh
R (PIC17C43
oV PIC17CR43)
o)
1FFFh
(PIC17C44)
v FDFFh
FOSCO FEOOh
g FOSC1 FEO1h
g WDTPS0 FEO2h
2 WDTPS1 FEO3h
=3 PMO FEO4h
'% g Reserved FEO5h
< ] PM1 FEO6h
2 Reserved FEO7h
5 FEOBh
O Reserved
FEOEh
N pM2®@ FEOFh
FE10h
Test EPROM FF5Fh
FF60h
Boot ROM
FFFFh
Note 1:  User memory space may be internal, external, or

both. The memory configuration depends on the
processor mode.
2: This location is reserved on the PIC17C42.

00 1996 Microchip Technology Inc.
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6.8 Bank Select Reqgister (BSR)

The BSR is used to switch between banks in the data
memory area (Figure 6-13). In the PIC17C42,
PIC17CR42, and PIC17C42A only the lower nibble is
implemented. While in the PIC17C43, PIC17CR43,
and PIC17C44 devices, the entire byte is implemented.
The lower nibble is used to select the peripheral regis-
ter bank. The upper nibble is used to select the general
purpose memory bank.

All the Special Function Registers (SFRs) are mapped
into the data memory space. In order to accommodate
the large number of registers, a banking scheme has
been used. A segment of the SFRs, from address 10h
to address 17h, is banked. The lower nibble of the bank
select register (BSR) selects the currently active
“peripheral bank.” Effort has been made to group the
peripheral registers of related functionality in one bank.
However, it will still be necessary to switch from bank
to bank in order to address all peripherals related to a
single task. To assist this, a MOVLB bank instruction is
in the instruction set.

FIGURE 6-13: BSR OPERATION (PIC17C43/R43/44)

For the PIC17C43, PIC17CR43, and PIC17C44
devices, the need for a large general purpose memory
space dictated a general purpose RAM banking
scheme. The upper nibble of the BSR selects the cur-
rently active general purpose RAM bank. To assist this,
a MOVLR bank instruction has been provided in the
instruction set.

If the currently selected bank is not implemented (such
as Bank 13), any read will read all '0's. Any write is com-
pleted to the bit bucket and the ALU status bits will be
set/cleared as appropriate.

Note: Registers in Bank 15 in the Special Func-
tion Register area, are reserved for
Microchip use. Reading of registers in this

bank may cause random values to be read.

BSR
7 4 3 0

@) ()

— ——

Address | | | | | | |
Range 0 1 2 3 4 15
10h SFR
e Banks
17h
Bank O Bank 1 Bank 2 Bank Bank 4 Bank 15
T T T 1
0 1 2 15
20h GPR
D D D h D Banks
FFh
Bank 0 Bank 1 Bank 2 Bank 15

Note 1:  Only Banks 0 through Bank 3 are implemented. Selection of an unimplemented bank is not recommended.
Bank 15 is reserved for Microchip use, reading of registers in this bank may cause random values to be read.
2: Only Banks 0 and Bank 1 are implemented. Selection of an unimplemented bank is not recommended.

DS30412C-page 42
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7.3 Table Reads EXAMPLE 7-2: TABLE READ

The table read allows the program memory to be read. MVLW  HI GH (TBL_ADDR) ; Load the Table
This allows constant data to be stored in the program m Ig';\'/yr_?;_ ;  address
memory space, and retrieved into data memory when (TBL_ADDR)

. MOWAE  TBLPTRL ;
needed. Example 7-2 reads the 16-bit value at pro- TABLRD 0, 0, DUMMY . Dumy read,

gram memory address TBLPTR. After the dummy byte . Updates TABLATCH
has been read from the TABLATH, the TABLATH is TLRD 1, | NDFO . Read H byte
loaded with the 16-bit data from program memory . of TABLATCH
address TBLPTR + 1. The first read loads the data into TABLRD 0, 1, | NDFO ; Read LO byte

the latch, and can be considered a dummy read ; of TABLATCH and
(unknown data loaded into 'f'). INDFO should be con- ; Updat e TABLATCH

figured for either auto-increment or auto-decrement.

FIGURE 7-7:  TABLRD TIMING

: Ql‘ QZ‘ QS‘ Q4 Ql‘ QZ‘ QS‘ Q4 Ql‘ QZ‘ Q3‘ Q4 Ql‘ QZ‘ QS‘ Q4,

XX

Instruction | TABLRD  : INST (PC+1) . INST (PC+2) .
fetched ! ' ' ' '
Instruction INST (PC-1) | TABLRD cyclel | TABLRD cycle2 | INST (PC+1) |
executed , \ \ | ,
: : . Dataread cycle . :

ALE — i : ; !
T l l l l

WR | | \ \ \

FIGURE 7-8: TABLRD TIMING (CONSECUTIVE TABLRD INSTRUCTIONS)

QJ{ QZ‘ QS‘ Q4 QJ{ QZ‘ Q3‘ Q4 QJ{ QZ‘ Q3‘ Q! QJ{ QZ‘ QS‘ Q4! QJ{ QZ‘ Q3‘ Q4! QJ{ QZ‘ 03‘ Q4

AD15:AD0O

Instruction
fetched

Instruction
executed
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8.0 HARDWARE MULTIPLIER

All PIC17C4X devices except the PIC17C42, have an
8 x 8 hardware multiplier included in the ALU of the
device. By making the multiply a hardware operation, it
completes in a single instruction cycle. This is an
unsigned multiply that gives a 16-bit result. The result
is stored into the 16-bit PRODuct register
(PRODH:PRODL). The multiplier does not affect any
flags in the ALUSTA register.

Making the 8 x 8 multiplier execute in a single cycle
gives the following advantages:

» Higher computational throughput
* Reduces code size requirements for multiply
algorithms

The performance increase allows the device to be used
in applications previously reserved for Digital Signal
Processors.

Table 8-1 shows a performance comparison between

Example 8-2 shows the sequence to do an 8 x 8 signed
multiply. To account for the sign bits of the arguments,
each argument’s most significant bit (MSb) is tested
and the appropriate subtractions are done.

EXAMPLE 8-1: 8 x 8 MULTIPLY ROUTINE
MWVFP  ARGL, WREG

MULWF ARG2 i ARGL * ARXR ->
; PRODH: PRODL

EXAMPLE 8-2: 8 x 8 SIGNED MULTIPLY

ROUTINE
MOVFP ARGL, WREG
MULWF ARGK2 i ARGL * ARR ->
; PRODH: PRODL
BTFSC ARG, SB Test Sign Bit
SUBWF PRODH, F ; PRODH = PRODH
; - ARGL

MOVFP ARG2, WREG

. . BTFSC ARGL, SB ; Test Sign Bit
the PICl?_C42 and all other PICl7C_XX devices, which SUBVE PRODH, F . PRODH = PRODH
have the single cycle hardware multiply. . - ARG
Example 8-1 shows the sequence to do an 8 x 8
unsigned multiply. Only one instruction is required
when one argument of the multiply is already loaded in
the WREG register.

TABLE 8-1: PERFORMANCE COMPARISON
Time
Routine Device Program I(\j/lemory Cycles (Max)
(Words) @ 25 MHz | @ 33 MHz
8 x 8 unsigned PIC17C42 13 69 11.04 ps N/A
All other PIC17CXX devices 1 1 160 ns 121 ns
8 x 8 signed PIC17C42 — — — N/A
All other PIC17CXX devices 6 6 960 ns 727 ns
16 x 16 unsigned | PIC17C42 21 242 38.72 us N/A
All other PIC17CXX devices 24 24 3.84 us 2.91 ps
16 x 16 signed PIC17C42 52 254 40.64 us N/A
All other PIC17CXX devices 36 36 5.76 us 4.36 us

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.

00 1996 Microchip Technology Inc. DS30412C-page 59
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11.3 Read/Write Consideration for TMRO

Although TMRO is a 16-bit timer/counter, only 8-bits at
a time can be read or written during a single instruction
cycle. Care must be taken during any read or write.

11.3.1 READING 16-BIT VALUE

The problem in reading the entire 16-bit value is that
after reading the low (or high) byte, its value may
change from FFh to O0h.

Example 11-1 shows a 16-bit read. To ensure a proper
read, interrupts must be disabled during this routine.

EXAMPLE 11-1: 16-BIT READ

11.3.2 WRITING A 16-BIT VALUE TO TMRO

Since writing to either TMROL or TMROH will effectively
inhibit increment of that half of the TMRO in the next
cycle (following write), but not inhibit increment of the
other half, the user must write to TMROL first and
TMROH next in two consecutive instructions, as shown
in Example 11-2. The interrupt must be disabled. Any
write to either TMROL or TMROH clears the prescaler.

EXAMPLE 11-2: 16-BIT WRITE

BSF  CPUSTA, GLINTD ;
MOVFP RAM L, TMROL ;
MOVFP RAM H, TMROH

BCF  CPUSTA, GLINTD ;

Di sabl e interrupt

Done, enable interrupt

MOVPF TMROL, TMPLO ;read low tnr0
MOVPF  TMROH, TMPHI ;read high tnrO
MOVFP  TMPLO, WREG ;tmplo —> wreg
CPFSLT TMROL ;tnr0l < wreg?
RETURN ;no then return
MOVPF  TMROL, TMPLO ;read low tnrO
MOVPF  TMROH, TMPHI ;read high tnmo0
RETURN ;return

114 Prescaler Assignments

Timer0 has an 8-bit prescaler. The prescaler assign-
ment is fully under software control; i.e., it can be
changed “on the fly” during program execution. When
changing the prescaler assignment, clearing the pres-
caler is recommended before changing assignment.

The value of the prescaler is “unknown,” and assigning
a value that is less then the present value makes it dif-
ficult to take this unknown time into account.

FIGURE 11-4: TMROTIMING: WRITE HIGH OR LOW BYTE

'Q1]1Q2|Q3|Q4:Q1|1Q2[Q3[Q4.,0Q1(Q2[Q3[Q4,Q1|0Q2|Q3|Q4.0Q1|Q2|Q3|Q4
AD15:ADO

ALE — : :
TMROL | TO >< L TO+ >< © NewTO (NTO) >< C NewTo+1 Y
Fetch | . . : : :
o ' MOVFP W, TMROL ' MOVFP TMROL,W ' MOVFP TMROL,W ' MOVFP TMROL,W '
'”gg‘éﬁ‘t'gg . . Writtto TMROL . Read TMROL . ReadTMROL . Read TMROL .
X X ' (Value=NTO) . (Value=NTO0) ' (Value=NTO +1) !
TMROH | ! : >< I ! I

00 1996 Microchip Technology Inc.
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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.
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TABLE 13-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

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 1 | PIR RBIF TMR3IF | TMR2IF | TMR1IF| CA2IF | CALIF TXIF RCIF 0000 0010 0000 0010
13h, Bank 0 | RCSTA SPEN RX9 SREN CREN — FERR OERR RX9D 0000 - 00x 0000 -00u
16h, Bank 0 | TXREG TX7 TX6 TX5 TX4 TX3 TX2 TX1 TX0 XXXX XXXX uuuu uuuu
17h,Bank 1 | PIE RBIE TMR3IE| TMR2IE| TMR1IE| CA2IE | CAlIE TXIE RCIE 0000 0000 0000 0000
15h, Bank 0 | TXSTA CSRC TX9 TXEN SYNC — — TRMT TX9D 0000 --1x 0000 --1u
17h, Bank 0 | SPBRG Baud rate generator register XXXX XXXX uuuu uuuu
Legend: x =unknown, u = unchanged, - = unimplemented read as a '0', shaded cells are not used for synchronous

slave transmission.
Note 1: Other (non power-up) resets include: external reset through MCLR and Watchdog Timer Reset.

TABLE 13-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

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, Bankl PIR RBIF TMR3IF | TMR2IF | TMR1IF| CA2IF | CALIF TXIF RCIF 0000 0010 0000 0010
13h, Bank0 RCSTA SPEN RX9 SREN CREN — FERR OERR RX9D 0000 - 00x 0000 -00u
14h, Bank0 RCREG RX7 RX6 RX5 RX4 RX3 RX2 RX1 RX0 XXXX XXXX uuuu uuuu
17h, Bankl PIE RBIE TMR3IE| TMR2IE| TMR1IE| CA2IE | CAlIE TXIE RCIE 0000 0000 0000 0000
15h, Bank 0 | TXSTA CSRC TX9 TXEN SYNC — — TRMT TX9D 0000 --1x 0000 --1u
17h, Bank0 SPBRG Baud rate generator register XXXX XXXX uuuu uuuu
Legend: x =unknown, u = unchanged, - = unimplemented read as a '0', shaded cells are not used for synchronous

slave reception.
Note 1: Other (non power-up) resets include: external reset through MCLR and Watchdog Timer Reset.
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Table 15-2 lists the instructions recognized by the
MPASM assembler.

Note 1: Any unused opcode is Reserved. Use of
any reserved opcode may cause unex-
pected operation.

Note 2: The shaded instructions are not available
in the PIC17C42

All instruction examples use the following format to rep-
resent a hexadecimal number:

Oxhh
where h signifies a hexadecimal digit.

To represent a binary number:
0000 0100b
where b signifies a binary string.

FIGURE 15-1: GENERAL FORMAT FOR
INSTRUCTIONS
Byte-oriented file register operations
15 9 8 7 0
OPCODE | d | f (FILE #) |
d = 0 for destination WREG

d = 1 for destination f
f = 8-hit file register address

Byte to Byte move operations

15 13 12 8 7 0
OPCODE | p (FILE #) f (FILE #)

eripheral register file address

p=p
f = 8-hit file register address

Bit-oriented file register operations

15 1110 8 7 0
OPCODE |b(BIT#)| f (FILE #) |

3-bit address
8-bit file register address

b=
f =
Literal and control operations

15 8 7 0
OPCODE k (literal) |

k = 8-bit immediate value

Call and GOTO operations

15 13 12 0
OPCODE k (literal) |

k = 13-bit immediate value

15.1 Special Function Reqgisters as
Source/Destination

The PIC17C4X’s orthogonal instruction set allows read
and write of all file registers, including special function
registers. There are some special situations the user
should be aware of:

15.1.1 ALUSTA AS DESTINATION

If an instruction writes to ALUSTA, the Z, C, DC and OV
bits may be set or cleared as a result of the instruction
and overwrite the original data bits written. For exam-
ple, executing CLRF  ALUSTA will clear register
ALUSTA, and then set the Z bit leaving 0000 0100b in
the register.

15.1.2 PCL AS SOURCE OR DESTINATION

Read, write or read-modify-write on PCL may have the
following results:
Read PC:

Write PCL:

PCH - PCLATH; PCL - dest

PCLATH - PCH;
8-bit destination value -~ PCL

Read-Modify-Write:  PCL- ALU operand
PCLATH - PCH;
8-bit result -~ PCL

Where PCH = program counter high byte (not an
addressable register), PCLATH = Program counter
high holding latch, dest = destination, WREG or f.

15.1.3 BIT MANIPULATION

All bit manipulation instructions are done by first read-
ing the entire register, operating on the selected bit and
writing the result back (read-modify-write). The user
should keep this in mind when operating on special
function registers, such as ports.
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CLRWDT Clear Watchdog Timer COMF Complement f
Syntax: [ labell] CLRWDT Syntax: [ labell] COMF fd
Operands: None Operands: 0<f<255
Operation: 00h - WDT d_D [0.1]
0 - WDT postscaler, Operation: (f) - (dest)
1-T0 Status Affected: Z
1-PD )
I Encoding: | o001 | ootd | frtf | et |
Status Affected:  TO, PD o
. Description: The contents of register 'f' are comple-
Encoding: | 0000 | 0000 | 0000 | 0100 | mented. If 'd" is O the result is stored in
Description: CLRWDT instruction resets the watchdog WREG. If 'd"is 1 the result is stored
timer. It also resets the prescaler of the back in register 'f.
WDT. Status bits TO and PD are set. Words: 1
Words: 1 Cycles: 1
Cycles: 1 Q Cycle Activity:
Q Cycle Activity: Q1 Q2 Q3 Q4
Q1 Q2 Q3 Q4 Decode Read Execute Write
Decode Read Execute NOP register 'f register 'f
register .
ALUSTA Example: COVF REGL, 0
Before Instruction
Example: CLRVWDT REG1T = O0xi3
Before Instruction After Instruction
WDT counter = ? REG1 = 0x13
After Instruction WREG = OxEC
WDT counter = 0x00
WDT Postscaler = 0
TO = 1
PD = 1
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MULLW Multiply Literal with WREG MULWF Multiply WREG with f
Syntax: [ labell MULLW k Syntax: [ labell] MULWF f
Operands: 0<k<255 Operands: 0<f<255
Operation: (k x WREG) - PRODH:PRODL Operation: (WREG x f) -~ PRODH:PRODL
Status Affected:  None Status Affected:  None
Encoding: | 1011 | 1100 | kkkk | Kkkk | Encoding: | o011 | o100 | et | feff |
Description: An unsigned multiplication is carried Description: An unsigned multiplication is carried
out between the contents of WREG out between the contents of WREG
and the 8-bit literal 'k'. The 16-bit and the register file location 'f'. The
result is placed in PRODH:PRODL 16-bit result is stored in the
register pair. PRODH contains the PRODH:PRODL register pair.
high byte. PRODH contains the high byte.
WREG is unchanged. Both WREG and 'f' are unchanged.
None of the status flags are affected. None of the status flags are affected.
Note that neither overflow nor carry Note that neither overflow nor carry
is possible in this operation. A zero is possible in this operation. A zero
result is possible but not detected. result is possible but not detected.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Q Cycle Activity: Q Cycle Activity:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read Execute Write Decode Read Execute Write
literal 'k’ registers register 'f' registers
PRODH: PRODH:
PRODL PRODL
Example: MULLW  OxCA Example: MULWF  REG
Before Instruction Before Instruction
WREG = OxE2 WREG = 0xC4
PRODH = ? REG = 0xB5
PRODL = ? PRODH = ?
After Instruction PRODL =7
WREG = 0xC4 After Instruction
PRODH = OxAD WREG = 0xC4
PRODL = 0x08 REG = 0xB5
PRODH = Ox8A
PRODL = 0x94

Note: This instruction is not available in the
PIC17C42 device.

Note: This instruction is not available in the
PIC17C42 device.
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SUBWF Subtract WREG from f
Syntax: [ label] SUBWF f,d
Operands: 0<f<255
d 0J[0,1]
Operation: f) = (W) - (dest)
Status Affected: oV, C,DC, z
Encoding: | 0000 | ot0d [ feft | feff |
Description: Subtract WREG from register 'f' (2's
complement method). If 'd" is O the
result is stored in WREG. If 'd" is 1 the
result is stored back in register 'f'.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Execute Write to
register 'f' destination
Example 1: SUBW  REGL, 1
Before Instruction
REG1 = 3
WREG = 2
C = ?
After Instruction
REG1 = 1
WREG = 2
C = 1 ; result is positive
Z = 0
Example 2:
Before Instruction
REG1 = 2
WREG = 2
C = ?
After Instruction
REG1 = 0
WREG = 2
C = 1 ; result is zero
z = 1
Example 3:
Before Instruction
REG1 = 1
WREG = 2
C = ?
After Instruction
REGL = FF
WREG = 2
C = 0 ; result is negative
z = 0

Subtract WREG from f with

SUBWFB
Borrow
Syntax: [ label] SUBWFB f,d
Operands: 0<f<255
d 0[0,1]
Operation: ()= (W) -C - (dest)
Status Affected: oV, C,DC, Z
Encoding: | 0000 | oo1d | ffff | ffft |
Description: Subtract WREG and the carry flag
(borrow) from register 'f' (2's comple-
ment method). If 'd" is O the result is
stored in WREG. If 'd" is 1 the result is
stored back in register 'f'.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Execute Write to
register 'f' destination
Example 1: SUBWB REGL, 1
Before Instruction
REG1 = 0x19 (0001 1001)
WREG = O0xOD (0000 1101)
C = 1
After Instruction
REGL = 0x0C (0000 1011)
WREG = 0xOD (0000 1101)
C = 1 ; result is positive
z = 0
Example2: SUBWFB REGL, 0
Before Instruction
REG1 = 0x1B (0001 1011)
WREG = Ox1A (0001 1010)
C = 0
After Instruction
REG1 = 0x1B (0001 1011)
WREG = 0x00
C = 1 ; result is zero
z = 1
Example3: SUBWB REGL, 1
Before Instruction
REGL = 0x03 (0000 0011)
WREG = Ox0E (0000 1101)
C = 1
After Instruction
REGL = OxF5 (1111 0100) [2's comp]
WREG = Ox0E (0000 1101)
C = 0 ; result is negative
z = 0

DS30412C-page 136

[0 1996 Microchip Technology Inc.



PIC17C4X

TABLRD Table Read TABLWT Table Write
Examplel: TABLRD 1, 1, REG; Syntax: [ label] TABLWT t,if
Before Instruction Operands: 0<f<255
REG 0x53 i0[0,1]
TBLATH = OxAA td1[0,1]
TBLATL = 0x55 .
TBLPTR - 0XA356 Operatlon: Ift=0,
MEMORY(TBLPTR) =  0x1234 f - TBLATL,
. . . Ift=1,
AfterRIEztructlon (table wrlte_cong);))(l/il:on) f - TBLATH:
TBLATH =  0x12 . TBLAT - Prog Mem (TBLPTR);
TBLATL = 0x34 Ifi=1,
TBLPTR =  0OxA357 TBLPTR +1 - TBLPTR
MEMORY(TBLPTR) = 0x5678 Status Affected: None
Example2: TABLRD 0, 0, REG: Encoding: | 1010 | aati | feef [ feef |
Before Instruction Description: 1. Load value in f into 16-bit table
REG = 0x33 latch (TBLAT)
TBLATH = OxAA If t = 0: load into low byte;
TBLATL = 0x35 If t = 1: load into high byte
TBLPTR =  0xA356 i i
2. Th tents of TBLAT tt
MEMORY(TBLPTR) =  0x1234 © contents 0 1S wrrten
to the program memory location
After Instruction (table write completion) pointed to by TBLPTR
REG = 0x55 If TBLPTR points to external
TBLATH 0x12 program memory location, then
TBLATL = 0x34 the instruction takes two-cycle
TBLPTR = 0xA356 If TBLPTR points to an internal
MEMORY(TBLPTR) = 0x1234 EPROM location, then the
instruction is terminated when
an interrupt is received.

Note: The MCLR/VPP pin must be at the programming
voltage for successful programming of internal
memory.

If MCLR/VPP = VDD
the programming sequence of internal memory
will be executed, but will not be successful
(although the internal memory location may be
disturbed)
3. The TBLPTR can be automati-
cally incremented
Ifi=0; TBLPTR is not
incremented
Ifi=1; TBLPTR isincremented
Words: 1
Cycles: 2 (many if write is to on-chip

Q Cycle Activity:

EPROM program memory)

Q1 Q2 Q3 Q4
Decode Read Execute Write
register 'f' register
TBLATH or
TBLATL
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|Applicable Devices |42 |R42[42A|43|R43 (44|

FIGURE 17-12: MEMORY INTERFACE READ TIMING

! Q1 ! Q2 ! Q3 ! Q4 ! Q1 ! Q2 !
osc1 ' ' ' ' ' '
: ! ' | 166 : -
1 1 1 1 1 / 1
ALE — .:4_ 164 —=, T | | '
: E noo =l6g - : : :
OE — : Lm0 : : :
: : b 71165 g +161 :
AD<15:0> — { Addr out :| >—< : Datain '
l | 150 - 162 =———= v l
: A —=151=— L e :
R . : : 167 = g ) "1
WR — T T T !
TABLE 17-12: MEMORY INTERFACE READ REQUIREMENTS
Parameter | Sym Characteristic Min Typt Max Units | Conditions
No.
150 TadV2alL AD<15:0> (address) valid to ALE! 0.25Tcy - 30 — — ns
(address setup time)
151 TalL2adl ALE! to address out invalid 5% — — ns
(address hold time)
160 TadZ2o0el | AD<15:0> high impedance to OEL 0* — — ns
161 ToeH2adD |OE+ to AD<15:0> driven 0.25Tcy - 15 — — ns
162 TadV2oeH | Data in valid before OEt 35 — — ns
(data setup time)
163 ToeH2adl | OEtto data in invalid (data hold time) 0 — — ns
164 TalH ALE pulse width — 0.25Tcy § — ns
165 ToelL OE pulse width 0.5Tcy-358§ — — ns
166 TalH2alH ALE1 to ALE1 (cycle time) — Tcy § — ns
167 Tacc Address access time — — 0.75Tcy-40| ns
168 Toe Output enable access time — — 0.5Tcy-60| ns
(OE low to Data Valid)

These parameters are characterized but not tested.

t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
8 This specification guaranteed by design.

DS30412C-page 162

0 1996 Microchip Technology Inc.




PIC17/C4X

|Applicable Devices [42|R42[42A[43|R43(44 |

FIGURE 20-13: WDT TIMER TIME-OUT PERIOD vs. VbD
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FIGURE 20-14: IoH vs. VOH, VDD = 3V

IoH(MA)

-10

-12

-14

-16

-18

Q\
—~ | A
&y )
w1 /

Min @ 85°C ] / /

Typ @ 25°C BV/ /

Max @ -40°C

;f
0.0 O.SQ 1.0 15 2.0 2.5 3.0
VDD (Volts)

DS30412C-page 200

0 1996 Microchip Technology Inc.



PIC17C4X

INDEX
A
ADDLW o CAZH oo
ADDWEF ..o CA2IE ...
ADDWEFC ... CA2IF ...
ALU CA2L .........
ALU STATUS Register (ALUSTA) CA20VE
ALUSTA ..o Calculating Baud Rate EITOr ........cccoccvvereervereesnesiessnennens 86
ALUSTA Register ... CALL oot 39, 117
ANDLW ..o Capacitor Selection
ANDWE oo, Ceramic RESONALONS .........cc.vvrververrerreeseessesssssrennes
Application Notes Crystal OSCIlALOr .........ccoveiieeierieircerieeeeeeeeees
ANDBB2 .o 55 CAPLUE oo eeenon
ASSEMDBIBT ..o 144 Capture Sequence to Read Example
Asynchronous Master TransmisSioN ........ccccccveeriveeernneeenns 90 Capturel
Asynchronous TranSMItter ...........ccccevveeieeiiienieneeneee 89 MOGE oo 71
OVEIIOW ..o 72
B Capture2
MO e 71
Bank Select Register (BSR) .......ccceeviiiiniiieiiiee e 42 OVEIIOW oo 72
Banking .......cccocoveeiiiienninn. .. 42 Carry (_C) """""""""""""" 9
Baud Rate Formula ............ ... 86 C_eramlc Resonators . ~-100
Baud Rate Generator (BRG) ............oooooooorrrrorororeeeeeeeeeeeeee 86 Clrcu!ar BUFFET <. 39
Baud Rates Clearing the Erescaler TP PRI TRR 103
AsyNchronous Mode ..........cccceeveiiiiiiiiniicneeseeceee 88 Clock{lnstrucnon Cycle (F_lgure) """"""" s 14
SYNCHIONOUS MOUE oo a7 Clocking Scheme/Instruction Cycle (Section) ..................... 14
Yo 114 CLRF oot 117
Bit MANIPUIALON oo oo 108 CLRWDT oo 118
Block Diagrams Code Protection .. 99, 106
On-chip Reset CirCuit .........ccoevvivviiiiniciinicicis 15 COMF """ i 118
PICL17C42 w.oooooo... .10 Configuration
PORTD ... 60 Bits s 100
PORTE oo 62 Locgtlons .................................................................. 100
Y T 75 OSCIHIALOT ... 100
RAOand RAL oo 53 WOTA .ot ree e
RA2 AN RA3 oo 54 CPFSEQ ...
RA4 and RAS ......... ...54 CPFSGT ..
RB3:RB2 Port Pins ... 56 CPFSLT e
RB7:RB4 and RB1:RBO Port Pins 55 CPU STATUS Regiister (CPUSTA) ...ccevvveniiienienieienieene 37
RC7:RCO PO PINS ....oovvoeseeeseccceeoeeeeseeee oo 58 CPUSTA oo 34, 37,105
Timer3 with One Capture and One Period Register .. 78 CREN .......... I ISR 84
TMR1 and TMR2 in 16-bit Timer/Counter Mode ........ 74 Crystal Operatlon_, Qvertone Crystals_ """""""""""""""" 101
TMR1 and TMR2 in Two 8-bit Timer/Counter Mode .. 73 Crystal or C_eramlc Resonator Operation ...........cccceeennnes 100
TMR3 with TWo Capture REGiSters «............ovvvvvvvveee.. 79 Crystal OSCIllator ..........ccceiieiiiiiiiiic e 100
WDT oo 104 CSRC et 83
BORROW ..ottt 9
BRG .......... .86 D
Brown-out ProteCtion ...........ccccoiieeiiiieiniiie e 18
B S e 115 Data Memory
BSR L 34, 42 GPR oot
BSR Operation ................................................................... 42 Indirect Addressing
BTFSC ittt 115 Organization .............
SFR s
Transfer to Program Memory
DAW .o
DIC ettt e
C DDRB
et reas DDRC "
C Compiler (MP-C) ... DDRD ... "
CALPRE ... DDRE ..ottt 19, 34, 62
CALEDO .ooooveeeeeeeeeeeeeeeeeeeeeeeees e e DECF oo 121
CAIEDL . DECFSNZ ..ottt 122
DECFSZ ..ottt 121
00 1996 Microchip Technology Inc. DS30412C-page 225




PIC17C4X

WDT it
Clearing the WDT
Normal TIMEr ......ccoviiiiiiiie i
Period ....ccooviiiii
Programming Considerations ..........cc.ccceceereerneenn. 103
WDTPSO0 .ottt 99
WDTPS1 ... .99
WREG ..ottt 34
X
XORLW ittt 141
XORWEF .ottt 141
V4
Z et aneen 9, 36
ZEIO (Z) ettt s 9

LIST OF EXAMPLES

Example 3-1: Signed Math ............ccceeiiiiiiiiiiiiicieeee 9
Example 3-2: Instruction Pipeline FIow ............c.ccccevuenee. 14
Example 5-1: Saving STATUS and WREG in RAM .......... 27
Example 6-1: Indirect Addressing.........cccceveveeeriieeenineenne 40
Example 7-1: Table WHte .......ccccoeviiiiiiiiieeecc e 46
Example 7-2: Table Read..........ccccoovvviiiiiiiiciiiciiee 48
Example 8-1: 8 x 8 Multiply Routine...........ccccceveieeinineenne 49
Example 8-2: 8 x 8 Signed Multiply Routine...................... 49
Example 8-3: 16 x 16 Multiply Routine.............c.ccooeevvenne. 50
Example 8-4: 16 x 16 Signed Multiply Routine.................. 51
Example 9-1: Initializing PORTB ........ccccooiiiieiiieiiereeen 57
Example 9-2: Initializing PORTC ........ccccooiiiieiiiiiiiiicee 58
Example 9-3: Initializing PORTD .......ccccoceiiiiiiiiiieeeiiieene 60
Example 9-4: Initializing PORTE ........ccccooiiiieiieeiieiece 62
Example 9-5: Read Modify Write Instructions on an

O POMt ... 64
Example 11-1: 16-Bit Read .........cccevvviviirieeiieiiee e 69
Example 11-2: 16-Bit Write........cccovviiiiiiiiiieiiciec e 69
Example 12-1: Sequence to Read Capture Registers......... 78
Example 12-2: Writing t0 TMR3 .....c.cooiiiiiiiiiieiee e 80
Example 12-3: Reading from TMR3 ..........cccoovviiiiiiinincene 80
Example 13-1: Calculating Baud Rate Efror............c.ccee.e. 86
Example F-1: PIC17C42 t0 SIEEP....cccevreeiiienieeieeiieene 223
LIST OF FIGURES
Figure 3-1: PIC17C42 Block Diagram ..........cccccecueeneeenne 10
Figure 3-2: PIC17CR42/42A/43/R43/44 Block

Diagram........cooviiiiiiiieeee e 11
Figure 3-3: Clock/Instruction Cycle.........ccccceverieeneennnen. 14
Figure 4-1: Simplified Block Diagram of On-chip

Reset CirCUit........cocvvcieiiiiiicci e 15
Figure 4-2: Time-Out Sequence on Power-Up

(MCLR Tied t0 VDD) ...c.oveverererereeecrceevera, 17
Figure 4-3: Time-Out Sequence on Power-Up

(MCLR NOT Tied t0 VDD).....ccocvveerererenne. 17
Figure 4-4: Slow Rise Time (MCLR Tied to VDD).......... 17
Figure 4-5: Oscillator Start-Up Time .........cccceevieeeiineenn. 18
Figure 4-6: Using ONn-Chip POR .........cooiiiiiiiiiiieeiee 18
Figure 4-7: Brown-out Protection Circuit 1.................... 18
Figure 4-8: PIC17C42 External Power-On Reset

Circuit (For Slow VbD Power-Up)................ 18
Figure 4-9: Brown-out Protection Circuit 2..................... 18
Figure 5-1: INEerrupt LOQIC ..veevevieeiiiieeieee e 21
Figure 5-2: INTSTA Register (Address: 07h,

Unbanked).........ccooviiiieiiiiiici e 22
Figure 5-3: PIE Register (Address: 17h, Bank 1) .......... 23
Figure 5-4: PIR Register (Address: 16h, Bank 1) .......... 24
Figure 5-5: INT Pin / TOCKI Pin Interrupt Timing........... 26
Figure 6-1: Program Memory Map and Stack................ 29
Figure 6-2: Memory Map in Different Modes.................. 30
Figure 6-3: External Program Memory Access

Waveforms ........ccccevevviiiiiniiice e 31
Figure 6-4: Typical External Program Memory

Connection Diagram...............

Figure 6-5: PIC17C42 Register File Map
Figure 6-6: PIC17CR42/42A/43/R43/44 Register

File Map......cooooiiiiiiiieic e 33
Figure 6-7: ALUSTA Register (Address: 04h,
Unbanked).........ccovveiiieniinniec e 36
Figure 6-8: CPUSTA Register (Address: 06h,
Unbanked)........cccoviiiiiiiiiii e 37
Figure 6-9: TOSTA Register (Address: 05h,
Unbanked).........ccooviiiieiiiiiici e 38
Figure 6-10:  Indirect Addressing.........cccceveveeeriieeenieeenne 39
Figure 6-11:  Program Counter Operation........................ 41

00 1996 Microchip Technology Inc.

DS30412C-page 231



