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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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3.1 Clocking Scheme/Ilnstruction Cycle

The clock input (from OSC1) is internally divided by
four to generate four non-overlapping quadrature
clocks, namely Q1, Q2, Q3, and Q4. Internally, the pro-
gram counter (PC) is incremented every Q1, and the
instruction is fetched from the program memory and
latched into the instruction register in Q4. The instruc-
tion is decoded and executed during the following Q1
through Q4. The clocks and instruction execution flow
are shown in Figure 3-3.

3.2 Instruction Flow/Pipelining

An “Instruction Cycle” consists of four Q cycles (Q1,
Q2, Q3, and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g. GOTO) then
two cycles are required to complete the instruction
(Example 3-2).

A fetch cycle begins with the program counter incre-
menting in Q1.

In the execution cycle, the fetched instruction is latched
into the “Instruction Register (IR)” in cycle Q1. This
instruction is then decoded and executed during the
Q2, Q3, and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination
write).

FIGURE 3-3: CLOCK/INSTRUCTION CYCLE
1'Ql | Q2 | Q3 | Q4 1 Q1 | Q2 | Q3 | Q4 1 Q1 | Q2 | Q3 | Q4 |
OsCl| /7~ / / /L / / /v /L /7 / /N
Ql 1 1 !
Q2 '_/—\ | / \ | / \ | | Internal
Q3| /\ i /W /— Boek
) A, A, N
PC PC X PC+1 PC+2
OSC2/CLKOUT
(RC mode) | | |
! Fetch INST (PC)
1 Execute INST (PC-1) Fetch INST (PC+1)
I Execute INST (PC) Fetch INST (PC+2)
| | Execute INST (PC+1)
EXAMPLE 3-2: INSTRUCTION PIPELINE FLOW
TcyO Teyl Tcy2 Tcy3 Tcy4 Tcy5
1. MOVLW 55h Fetch 1 Execute 1
2. MOVWF PORTB Fetch 2 Execute 2
3. CALL suB 1 Fetch 3 Execute 3
4. BSF PORTA, BIT3 (Forced NOP) Fetch 4 Flush
5. Instruction @address SUB_1 Fetch SUB_1| Execute SUB_1
All instructions are single cycle, except for any program branches. These take two cycles since the fetch
instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed.
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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

DS30412C-page 24 [0 1996 Microchip Technology Inc.
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The PIC17C4X can operate in modes where the pro-
gram memory is off-chip. They are the microprocessor
and extended microcontroller modes. The micropro-
cessor mode is the default for an unprogrammed
device.

Regardless of the processor mode, data memory is
always on-chip.

TABLE 6-1: MODE MEMORY ACCESS
. Internal Configuration Bits,
Operating
Mode Program Test Memory,
Memory Boot ROM
Microprocessor No Access No Access
Microcontroller Access Access
E)ftended Access No Access
Microcontroller
Pr_otected Access Access
Microcontroller

FIGURE 6-2:. MEMORY MAP IN DIFFERENT MODES
Microprocessor Extended Microcontroller
Mode Microcontroller Modes
Mode
PIC17C42, 0000h 0000h 0000h
PIC17CR42, On-chip On-chip
Program Program
PIC17C42A Memory o7eFn| Memory
07FFh w
0800h o
External 0800h g
Program %)
Memory s
External EE
Program O]
Memory 8
o
EFEFh FEOOh|_Config. Bits
EFFFh Test Memory|
FFFFh| Boot ROM
OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP
00h 00h 00h 3
&
]
FFh FFh FFh E
OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP a
PIC17C43, 0000h 0000h 0000h
PIC17CR43, On-chip gn-chip
Program rogram
PIC17C44 Memory Mermory
OFFFh/1FFFh OFFFh/1FFFh
1000h/2000h
External 1000h/ "
Program 2000h Q
Memory =
External g
Program b3
Memory o
Q
o
EFFEh FEOOh | Config. Bits | [ &
FEFFh | Test Memory]|
FFFFh| Boot ROM
OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP
00h 00h 00h
120h 120h 120h w
o
-y
FFh 1FFh FFh 1FFh FFh 1FFh 2
'_
<
OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP o

DS30412C-page 30
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6.2 Data Memory Organization

Data memory is partitioned into two areas. The first is
the General Purpose Registers (GPR) area, while the
second is the Special Function Registers (SFR) area.
The SFRs control the operation of the device.

Portions of data memory are banked, this is for both
areas. The GPR area is banked to allow greater than
232 bytes of general purpose RAM. SFRs are for the
registers that control the peripheral functions. Banking
requires the use of control bits for bank selection.
These control bits are located in the Bank Select Reg-
ister (BSR). If an access is made to a location outside
this banked region, the BSR bits are ignored.
Figure 6-5 shows the data memory map organization
for the PIC17C42 and Figure 6-6 for all of the other
PIC17C4X devices.

Instructions MOVPF and MOVFP provide the means to
move values from the peripheral area (“P”) to any loca-
tion in the register file (“F"), and vice-versa. The defini-
tion of the “P” range is from Oh to 1Fh, while the “F”
range is Oh to FFh. The “P” range has six more loca-
tions than peripheral registers (eight locations for the
PIC17C42 device) which can be used as General Pur-
pose Registers. This can be useful in some applications
where variables need to be copied to other locations in
the general purpose RAM (such as saving status infor-
mation during an interrupt).

The entire data memory can be accessed either directly
or indirectly through file select registers FSRO and
FSR1 (Section 6.4). Indirect addressing uses the
appropriate control bits of the BSR for accesses into the
banked areas of data memory. The BSR is explained in
greater detail in Section 6.8.

6.2.1 GENERAL PURPOSE REGISTER (GPR)

All devices have some amount of GPR area. The GPRs
are 8-bits wide. When the GPR area is greater than
232, it must be banked to allow access to the additional
memory space.

Only the PIC17C43 and PIC17C44 devices have
banked memory in the GPR area. To facilitate switching
between these banks, the MOVLR bank instruction has
been added to the instruction set. GPRs are not initial-
ized by a Power-on Reset and are unchanged on all
other resets.

6.2.2 SPECIAL FUNCTION REGISTERS (SFR)

The SFRs are used by the CPU and peripheral func-
tions to control the operation of the device (Figure 6-5
and Figure 6-6). These registers are static RAM.

The SFRs can be classified into two sets, those associ-
ated with the “core” function and those related to the
peripheral functions. Those registers related to the
“core” are described here, while those related to a
peripheral feature are described in the section for each
peripheral feature.

The peripheral registers are in the banked portion of
memory, while the core registers are in the unbanked
region. To facilitate switching between the peripheral
banks, the MOVLB bank instruction has been provided.

DS30412C-page 32
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6.2.2.2 CPU STATUS REGISTER (CPUSTA)

The CPUSTA register contains the status and control
bits for the CPU. This register is used to globally
enable/disable interrupts. If only a specific interrupt is
desired to be enabled/disabled, please refer to the
INTerrupt STAtus (INTSTA) register and the Peripheral
Interrupt Enable (PIE) register. This register also indi-
cates if the stack is available and contains the
Power-down (PD) and Time-out (TO) bits. The TO, PD,
and STKAV bits are not writable. These bits are set and
cleared according to device logic. Therefore, the result
of an instruction with the CPUSTA register as destina-
tion may be different than intended.

FIGURE 6-8: CPUSTA REGISTER (ADDRESS: 06h, UNBANKED)

Uu-0 Uu-o0 R-1 RW-1 R-1

— — [stkav|cLinTD] TO |

bit 7-6: Unimplemented: Read as '0’
bit 5: STKAV: Stack Available bit

1 = Stack is available

bit 4: GLINTD: Global Interrupt Disable bit

cause an interrupt.
1 =Disable all interrupts
0 = Enables all un-masked interrupts

bit3:  TO: WDT Time-out Status bit
1 = After power-up or by a CLRWDT instructi
0 = A Watchdog Timer time-out occurred

bit2:  PD: Power-down Status bit

0 = By execution of the SLEEP instruction
bit 1-0: Unimplemented: Read as '0'

on

1 = After power-up or by the CLRWDT instruction

This bit indicates that the 4-bit stack pointer value is Fh, or has rolled over from Fh - Oh (stack overflow).

0 = Stack is full, or a stack overflow may have occurred (Once this bit has been cleared by a
stack overflow, only a device reset will set this bit)

This bit disables all interrupts. When enabling interrupts, only the sources with their enable bits set can

R = Readable bit

W = Writable bit

U = Unimplemented bit,
Read as ‘0’

- n =Value at POR reset

00 1996 Microchip Technology Inc.
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12.1.3 USING PULSE WIDTH MODULATION
(PWM) OUTPUTS WITH TMR1 AND TMR2

Two high speed pulse width modulation (PWM) outputs
are provided. The PWM1 output uses Timerl as its
time-base, while PWM2 may be software configured to
use either Timerl or Timer2 as the time-base. The
PWM outputs are on the RB2/PWM1 and RB3/PWM2
pins.

Each PWM output has a maximum resolution of
10-bits. At 10-bit resolution, the PWM output frequency
is 24.4 kHz (@ 25 MHz clock) and at 8-bit resolution the
PWM output frequency is 97.7 kHz. The duty cycle of
the output can vary from 0% to 100%.

Figure 12-5 shows a simplified block diagram of the
PWM module. The duty cycle register is double buff-
ered for glitch free operation. Figure 12-6 shows how a
glitch could occur if the duty cycle registers were not
double buffered.

The user needs to set the PWM1ON bit (TCON2<4>)
to enable the PWML1 output. When the PWM1ON bhit is
set, the RB2/PWML pin is configured as PWM1 output
and forced as an output irrespective of the data direc-
tion bit (DDRB<2>). When the PWM1ON bit is clear,
the pin behaves as a port pin and its direction is con-
trolled by its data direction bit (DDRB<2>). Similarly,
the PWM20ON (TCON2<5>) hit controls the configura-
tion of the RB3/PWM2 pin.

FIGURE 12-6: PWM OUTPUT

FIGURE 12-5: SIMPLIFIED PWM BLOCK

DIAGRAM
Duty Cycle registers § PWxDCL<7:6>
[ PWxDCH | ¢ Wurite
| (Slave) I—MV
N RCy/PWMx
| Comparator | R Q
ZAN
TMR2 Note 1 -
| [(Note 1)| S PWMxON
|
Clear Timer,
PWMX pin and
Latch D.C.
Note 1: 8-bit timer is concatenated with 2-bit internal Q clock
or 2 hits of the prescaler to create 10-bit time-base.

PWM
output

B =

o

Timer Write new
interrupt PWM value

Note The dotted line shows PWM output if duty cycle registers were not double buffered.
If the new duty cycle is written after the timer has passed that value, then the PWM does
not reset at all during the current cycle causing a “glitch”.

In this example, PWM period = 50. Old duty cycle is 30. New duty cycle value is 10.

T

Timer interrupt
new PWM value
transferred to slave

00 1996 Microchip Technology Inc.
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FIGURE 13-3: USART TRANSMIT

Sync
\L Master/Slave
BRG +4 ]
Sync/Async Sync/Async Sync/Async
C|KX”;—X
. +16
o[1[-++ [7[8[Stop] w20k

TXEN/
Write to TXREG

Bit Count

Interrupt

TXREG |0f1]ee- |7

Data Bus TXSTA<0>
TXIE
FIGURE 13-4: USART RECEIVE
osc BRG N Interrupt
A Master/Slave Sync/Async Async/Sync ’—D7
Sync RCIE
A - START
] SPEN Detect SREN/
Y Y — CREN/
|E Buffer Majority || Clock RSR Start_Bit
Logic Detect MSb LSb
RX Data T
.StlopI8I7 .-+ J1]0]
1
FIFO
RX9 Logic
Async/Sync
Y yRCREGy y i
FERR RX9D |7]| e [1]|0 [ FIFO
FERR RX9D |7]| e+ [1|0

ﬂ ﬂ Data Bus
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13.2 USART Asynchronous Mode

In this mode, the USART uses standard nonre-
turn-to-zero (NRZ) format (one start bit, eight or nine
data bits, and one stop bit). The most common data for-
mat is 8-bits. An on-chip dedicated 8-bit baud rate gen-
erator can be used to derive standard baud rate
frequencies from the oscillator. The USART'’s transmit-
ter and receiver are functionally independent but use
the same data format and baud rate. The baud rate
generator produces a clock x64 of the bit shift rate. Par-
ity is not supported by the hardware, but can be imple-
mented in software (and stored as the ninth data bit).
Asynchronous mode is stopped during SLEEP.

The asynchronous mode is selected by clearing the
SYNC bit (TXSTA<4>).

The USART Asynchronous module consists of the fol-
lowing important elements:

* Baud Rate Generator

« Sampling Circuit

« Asynchronous Transmitter
« Asynchronous Receiver

13.2.1 USART ASYNCHRONOUS TRANSMITTER

The USART transmitter block diagram is shown in
Figure 13-3. The heart of the transmitter is the transmit
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 stop bit has been transmitted from the previous
load. As soon as the stop bit is transmitted, the TSR is
loaded with new data from the TXREG (if available).
Once TXREG transfers the data to the TSR (occurs in
one Tcy at the end of the current BRG cycle), the
TXREG is empty and an interrupt bit, TXIF (PIR<1>) is
set. This interrupt can be enabled or disabled by the
TXIE bit (PIE<1>). TXIF will be set regardless of TXIE
and cannot be reset in software. It will reset only when
new data is loaded into TXREG. While TXIF indicates
the status of the TXREG, the TRMT (TXSTA<1>) bit
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.

Note: 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 and the
baud rate generator (BRG) has produced a shift clock
(Figure 13-5). The transmission can also be started by
first loading TXREG and then setting TXEN. Normally
when transmission is first started, the TSR is empty, so
a transfer to TXREG will result in an immediate transfer
to TSR resulting in an empty TXREG. A back-to-back
transfer is thus possible (Figure 13-6). Clearing TXEN
during a transmission will cause the transmission to be
aborted. This will reset the transmitter and the
RAS5/TX/CK pin will revert to hi-impedance.

In order to select 9-bit transmission, the
TX9 (TXSTA<6>) bit 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 the
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).

Steps to follow when setting up an Asynchronous

Transmission:

1. Initialize the SPBRG register for the appropriate
baud rate.

2. Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.

3. Ifinterrupts are desired, then set the TXIE bit.

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

5. Load data to the TXREG register.

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

7. Enable the transmission by setting TXEN (starts
transmission).

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 opposite
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.
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FIGURE 14-3: CRYSTAL OPERATION,
OVERTONE CRYSTALS (XT
OSC CONFIGURATION)

C1 osc1

— | .
| l SLEEP

Ll
oz Toscz
] 0s¢21 | . {>o_

i PIC17C42
0.1 pF

To filter the fundamental frequency
1 _
Tcz - @’
Where f = tank circuit resonant frequency. This should be

midway between the fundamental and the 3rd overtone
frequencies of the crystal.

TABLE 14-3: CAPACITOR SELECTION
FOR CRYSTAL OSCILLATOR
%TO‘; Freq c1 c2
LF 32 kHzMY | 100-150 pF | 100-150 pF
1 MHz 10-33 pF 10-33 pF
2 MHz 10-33 pF 10-33 pF
XT 2MHz | 47-100 pF 47-100 pF
4 MHz 15-68 pF 15-68 pF
8MHz @ | 15-47 pF 15-47 pF
16 MHz TBD TBD
25MHz | 15-47 pF 15-47 pF
32 MHz @ 0® 0®

Higher capacitance increases the stability of the
oscillator but also increases the start-up time and the
oscillator current. These values are for design guid-
ance only. Rs may be required in XT mode to avoid
overdriving the crystals with low drive level specifica-

TABLE 14-2:. CAPACITOR SELECTION . . . o
FOR CERAMIC tion. Since each crystal has its own characteristics,
RESONATORS the user should consult the crystal manufacturer for

appropriate values for external components.
) ) Note 1: For VDD > 4.5V, C1 = C2 =30 pF is recom-
Oscillator Resonator Capacitor Range mended
Type Frequency Cl1=c2 2: Rs of 330Q is required for a capacitor com-
LF 455 kHz 15 - 68 pF bination of 15/15 pF.
2.0 MHz 10 - 33 pF 3: Only the capacitance of the board was present.
XT 4.0 MHz 22 - 68 pF Crystals Used:
8.0 MHz 33-100 pF
sowe | o | (B EecommCs [y
-10-13- +
Higher capacitance increases the stability of the - z —
oscillator but also increases the start-up time. These 2.0 MHz ECS-20-20-1 50 PPM
values are for design guidance only. Since each reso- 4.0 MHz ECS-40-20-1 +50 PPM
nator has its own characteristics, the user should 8.0 MHz ECS ECS-80-S-4 + 50 PPM
consult the resonator manufacturer for appropriate ECS-80-18-1
values of external components. 16.0 MHz ECS-160-20-1 TBD
Resonators Used: 25 MHz CTS CTS25M + 50 PPM
455 kHz | Panasonic EFO-A455K04B +0.3% 32 MHz CRYSTEK HF-2 + 50 PPM
2.0 MHz | Murata Erie CSA2.00MG + 0.5% 14.2.3 EXTERNAL CLOCK OSCILLATOR
4.0 MHz | Murata Erie CSA4.00MG + 0.5%
8.0 MHz | Murata Erie CSA8.00MT +0.5% In the EC oscillator mode, the OSCL1 input can be
16.0 MHz | Murata Erie CSA16.00MX +0.5% driven by CMOS drivers. In this mode, the

Resonators used did not have built-in capacitors.

OSC1/CLKIN pin is hi-impedance and the OSC2/CLK-
OUT pin is the CLKOUT output (4 Tosc).

FIGURE 14-4: EXTERNAL CLOCK INPUT
OPERATION (EC OSC
CONFIGURATION)

Clock from _I>o—> 0oscC1
ext. system PIC17CXX

CLKOUT «—1]0sc2
(Fosc/4)
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FIGURE 14-8: WATCHDOG TIMER BLOCK DIAGRAM

On-chip RC WDT Postscaler
Oscillator(®
4-t0-1MUX |~—— WDTPS1:WDTPSO
WDT Enable
Note 1: This oscillator is separate from the external
RC oscillator on the OSC1 pin. WDT Overflow
TABLE 14-4: REGISTERS/BITS ASSOCIATED WITH THE WATCHDOG TIMER
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 | otherresets
Reset (Notel)
— Config PM1 PMO | WDTPS1| WDTPSO| FOSC1l | FOSCO (Note 2) (Note 2)
06h, Unbanked | CPUSTA STKAV | GLINTD TO PD — --11 11-- | --11 qQg--
Legend: - =unimplemented read as '0', g - value depends on condition, shaded cells are not used by the WDT.
Note 1: Other (non power-up) resets include: external reset through MCLR and Watchdog Timer Reset.
2: This value will be as the device was programmed, or if unprogrammed, will read as all '1's.
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ANDWF AND WREG with f BCF Bit Clear f
Syntax: [ labell] ANDWF fd Syntax: [ label]l BCF fb
Operands: 0<f<255 Operands: 0<f<255
d Jo,1] 0<bs<7
Operation: (WREG) .AND. (f) - (dest) Operation: 0 - (f<b>)
Status Affected: Z Status Affected:  None
Encoding: | o000 | 101d | frtf | et | Encoding: | 1000 | 1bbb | frtf | et |
Description: The contents of WREG are AND’ed with Description: Bit 'b" in register 'f' is cleared.

register 'f'. If'd"is O the result is stored

in WREG. If 'd" is 1 the result is stored Words: 1
back in register 'f'. Cycles: 1
Words: 1 Q Cycle Activity:
Cycles: 1 Q1 Q2 Q3 Q4
Q Cycle Activity: Decode Read Execute Write
register 'f' register 'f'
Q1 Q2 Q3 Q4
Decode Read Execute Write to Example: BCF FLAG REG 7
register 'f' destination Before Instruction
Example: ANDWF REG 1 FLAG_REG = 0xC7

After Instruction
FLAG_REG = 0x47

Before Instruction

WREG = 0x17
REG = 0xC2
After Instruction
WREG = 0x17
REG = 0x02
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BTFSS Bit Test, skip if Set BTG Bit Toggle f
Syntax: [ label] BTFSS fb Syntax: [ label] BTG f,b
Operands: 0<f<127 Operands: 0<f<255
O0<b<7 0<b<7?7
Operation: skip if (f<b>) =1 Operation: (f<b>) - (f<b>)
Status Affected:  None Status Affected:  None
Encoding: | 1001 | obbb | ftff [ tfff | Encoding: | o011 | bbb | ftff [ tfff |
Description: If bit ‘b’ in register 'f' is 1 then the next Description: Bit 'b’ in data memory location 'f' is
instruction is skipped. inverted.
If bit 'b" is 1, then the next instruction Words: 1
fetched during the current instruction exe-
cution, is discarded and an NOP is exe- Cycles: 1
cuted instead, making this a two-cycle Q Cycle Activity:
instruction. Q1 Q2 Q3 Q4
Words: 1 Decode Read Execute Write
Cycles: 1(2) register 'f' register 'f'
Q Cycle Activity: Example: BTG PORTC, 4
Q1 Q2 Q3 Q4 Before Instruction:
Decode Read Execute NOP PORTC = 0111 0101 [0x75]
— register f After Instruction:
If skip: PORTC = 0110 0101 [0x65]
Q1 Q2 Q3 Q4
|ForcedNOP | NOP | Execute | NoP |
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)
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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
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|Applicable Devices |42 |R42[42A|43|R43 (44|

FIGURE 17-3: CLKOUT AND I/O TIMING

Q4 Z Ql Z Q2 . Q3 .
0OSC1
OSsC2 T
1/0 Pin
(input)
I/0 Pin ' N/ . . .
(output) old value : . : : new value |
l — - l l l
' 20,21 ' ' '
T In EC and RC modes only.
TABLE 17-3: CLKOUT AND I/O TIMING REQUIREMENTS/
Parameter
No. Sym Characteristic Min Typt Max Units | Conditions
10 TosH2ckL | OSC1t to CLKOUT! — 15¢% 30 % ns Note 1
11 TosH2ckH | OSC1t to CLKOUT?® — 15¢% 30 % ns Note 1
12 TckR CLKOUT rise time — 5% 15% ns Note 1
13 TckF CLKOUT fall time — 5% 15% ns Note 1
14 TckH2ioV | CLKOUT1 to Port out valid — — | 0.5Tey +20% ns Note 1
15 TioV2ckH | Portin valid before CLKOUT1t 0.25Tcy +25%| — — ns Note 1
16 TckH2iol Port in hold after CLKOUTt 0%t — — ns Note 1
17 TosH2ioV | OSC11t (Q1 cycle) to Port out valid — — 100 F ns
20 TioR Port output rise time — 10t 35%F ns
21 TioF Port output fall time — 10 351% ns
22 TinHL INT pin high or low time 25* — — ns
23 TrbHL RB7:RBO0 change INT high or low time 25* — — ns
* 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.
¥ These parameters are for design guidance only and are not tested, nor characterized.

Note 1: Measurements are taken in EC Mode where OSC2 output =4 x TOsC = Tcy.
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|Applicable Devices |42 |R42[42A|43|R43 (44|

FIGURE 18-5: TRANSCONDUCTANCE (gm) OF LF OSCILLATOR vs. VDD
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FIGURE 18-6: TRANSCONDUCTANCE (gm) OF XT OSCILLATOR vs. VDD
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19.1

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

DC CHARACTERISTICS: PIC17CR42/42A/43/R43/44-16 (Commercial, Industrial)
PIC17CR42/42A/43/R43/44-25 (Commercial, Industrial)
PIC17CR42/42A/43/R43/44-33 (Commercial, Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature
-40°C < TA < +85°C for industrial and

0°C < TA < +70°C for commercial
Parameter
No. Sym Characteristic Min | Typt| Max | Units Conditions
D001 VDD | Supply Voltage 4.5 - 6.0 V
D002 VDR RAM Data Retention 15* - - \Y, Device in SLEEP mode
Voltage (Note 1)
D003 VPOR | VDD start voltage to - Vss - \% See section on Power-on Reset for
ensure internal details
Power-on Reset signal
D004 SvDD | VDD rise rate to 0.060*| - — | mV/ms | See section on Power-on Reset for
ensure internal details
Power-on Reset signal
D010 IDD Supply Current - 3 6 mA |Fosc =4 MHz (Note 4)
D011 (Note 2) - 6 12 * mA |Fosc =8 MHz
D012 - 11 | 24~ mA |Fosc =16 MHz
D013 - 19 38 mA |Fosc =25 MHz
D015 - 25 50 mA |Fosc =33 MHz
D014 - 95 | 150 WA | Fosc =32 kHz,
WDT enabled (EC osc configuration)
D020 IPD Power-down - 10 40 MA | VDD = 5.5V, WDT enabled
D021 Current (Note 3) - <1 5 MA | VDD = 5.5V, WDT disabled
* 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.
Note 1: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as 1/O pin
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an
impact on the current consumption.

The test conditions for all Ibb measurements in active operation mode are:

OSCL1 = external square wave, from rail to rail; all I/O pins tristated, pulled to VbD or Vss, TOCKI = VDD,
MCLR = VDD; WDT enabled/disabled as specified.

Current consumed from the oscillator and 1/0’s driving external capacitive or resistive loads needs to be con-
sidered.

For the RC oscillator, the current through the external pull-up resistor (R) can be estimated as:\bD / (2 « R).
For capacitive loads, the current can be estimated (for an individual I/O pin) as (CL » VDD) » f

CL = Total capacitive load on the I/O pin; f = average frequency the 1/O pin switches.

The capacitive currents are most significant when the device is configured for external execution (includes
extended microcontroller mode).

3. The power down current in SLEEP mode does not depend on the oscillator type. Power-down current is mea-
sured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VbD and Vss.

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti-

mated by the formula IR = VDD/2Rext (mA) with Rext in kOhm.
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|Applicable Devices [42|R42[42A[43|R43(44 |

FIGURE 19-11: MEMORY INTERFACE WRITETIMING (NOT SUPPORTED IN PIC17LCA4X DEVICES)

Q1 Q2 Q3 Q4 Q1 Q2

ALE — / \ ~ o :

OF = : 151 : : : :
W ! o ! | | !

X X — ! X — ‘ X X

- T B T R ! !

AD<15:0> __ { T addrout - : >< Co dataout: : >< addr out :
X X S Co - X

TABLE 19-11: MEMORY INTERFACE WRITE REQUIREMENTS (NOT SUPPORTED IN PIC17LC4X

DEVICES)
Parameter
No. Sym Characteristic Min Typt Max Units | Conditions
150 TadV2alL | AD<15:0> (address) valid to ALE! 0.25Tcy - 10 —_ —_ ns
(address setup time)
151 TalL2adl |ALE! to address out invalid 0 — — ns
(address hold time)
152 TadV2wrL | Data out valid to WR1 0.25Tcy - 40 — — ns
(data setup time)
153 TwrH2adl |WR1 to data out invalid — 0.25Tcy § — ns
(data hold time)
154 Twrl WR pulse width — 0.25Tcy § — ns
* 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 ensured by design.
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|Applicable Devices [42|R42[42A[43|R43(44 |

FIGURE 20-17: loL vs. VoL, VDD = 5V
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FIGURE 20-18: VTH (INPUT THRESHOLD VOLTAGE) OF I/O PINS (TTL) vs. VDD
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MP-C C COMPIIET .o
MPSIM Software Simulator ..
MULLW L
Multiply Examples
16 X 16 ROULINE ..oevveiiiiiiiiicciee e
16 x 16 Signed Routine
8 x 8 Routine ................
8 x 8 Signed Routine ....
MULWE e

Opcode Field Descriptions ...
OSC SEIECHON ...t 99
Oscillator
ConfigUration ........cooviieiiiiiee e
CryStal oo
External ClOCK ........cccceiiiiiiiiiiiiiiieiccce e
External Crystal CirCuit ..........cccocoveiriiieiniiieniieeens
External Parallel Resonant Crystal Circuit
External Series Resonant Crystal Circuit .
RC o
RC FrequenCies .........ccovveeneiniieniceee e
Oscillator Start-up Time (Figure) .......ccoccveeiiieeeniieeenieeene
Oscillator Start-up Timer (OST) ...cocceevviivieriieieeiieeee
OIS T ittt

P

Package Marking Information ...........ccccocveiieniiinicnineenn 210
Packaging Information ...........ccccooiiiiiiiiiiiiie e 205
Parameter Measurement Information
PC (Program Counter) ...

PCH oo 41
PCL e 34,41, 108
PCLATH oo 34,41
PD e 37, 105
PEIE .o 22,78
PEIF et 22
Peripheral Bank ...........ccoociiiiiiiii e 42
Peripheral Interrupt Enable ........ .23
Peripheral Interrupt Request (PIR) . .24
PICDEM-1 Low-Cost PIC16/17 Demo Board ... .143, 144
PICDEM-2 Low-Cost PIC16CXX Demo Board ........ 143, 144
PICDEM-3 Low-Cost PIC16C9XXX Demo Board ............ 144
PICMASTER® RT In-Circuit EMUlator ...........ccocceviuneens. 143
PICSTARTY Low-Cost Development System .................. 143
PIE e 19, 34, 92, 96, 98
Pin Compatible DeVICES ........ccceeriiiiiiiiieiiiee e 221
PIR e 19, 34, 92, 96, 98
PMO o 99, 106
PMIL e 99, 106
POP e e 27, 39
POR s 15, 99
PORTA oot 19, 34,53
PORTB ..ottt 19, 34,55
PORTC oottt s 19, 34, 58

PORTD 19, 34, 60
PORTE ... 19, 34, 62
Power-down MOdE ...........cooiiiiiiiiiieiiee s 105
Power-on Reset (POR) .......cccoviiiiiriiiiienie e 15,99
Power-up Timer (PWRT) ...ccocoviiiiiiiiiiieieeec e 15, 99
PRI oo
PR2 ..o
PR3/CA1H
PR3/CALL .
PR3H/CALH ..o 35
PR3LICALL ..ottt 35
Prescaler ASSIQNMENES ........cceiiiiiiiiiiiee e 69
PRO MATE" Universal Programmer ..........ccccoiiieeininnenn. 143
PRODH ...ttt 20
PRODL .ottt 20
Program Counter (PC) ......oooiviiiiiieieiieee e 41
Program Memory
External Access Waveforms .........ccoccceeveeeiniineiinen. 31
External Connection Diagram ..........cccccovveernieeennnnen. 31
P e 29
Modes
Extended Microcontroller ............cccocvveriieeennnen. 29
Microcontroller .............. .29
Microprocessor ............. .29
Protected Microcontroller . .29
OPEIALION ..ottt 29
Organization ..........ooveeeiiieee et 29
Transfers from Data MemOry .........cccccoeveeeiiieeenineenne 43
Protected Microcontroller ..........ccccoooveriiniieniieinicnceees 29

PWM ..o .. 71,75
Duty Cycle ......ccccocvevenne .. 76
External Clock Source ....... .. 76
Frequency vs. ReSOIUtioN .........cccccovieeiniiiennieee e, 76
INEEITUPLS oot 76
Max Resolution/Frequency for External
ClOCK INPUL <. 77
OULPUL .ttt
Periods

PWML1 ...............

PWM1ON ....

PWM2 .........

PWM20N ..ottt

PWRT oo

R

RBIE

RCIE
RCIF
RCREG ....ooviiiiieneeeesre e 19, 34,91, 92, 96, 97
RCSTA o 19, 34, 92, 96, 98
Reading 16-bit Value .........cccccooiiiiiiiie e 69
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