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PIC17C4X

9.4 PORTD and DDRD Reqisters

PORTD is an 8-bit bi-directional port. The correspond-
ing data direction register is DDRD. A '1' in DDRD con-
figures the corresponding port pin as an input. A '0' in
the DDRC register configures the corresponding port
pin as an output. Reading PORTD reads the status of
the pins, whereas writing to it will write to the port latch.
PORTD is multiplexed with the system bus. When
operating as the system bus, PORTD is the high order
byte of the address/data bus (AD15:AD8). The timing
for the system bus is shown in the Electrical Character-
istics 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 9-3 shows the instruction sequence to initial-
ize PORTD. The Bank Select Register (BSR) must be
selected to Bank 1 for the port to be initialized.

EXAMPLE 9-3: INITIALIZING PORTD
MOVLB 1 ;. Select Bank 1

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

MOVLW OxCF ; Value used to initialize
; data direction

MOV DDRD Set RD<3:0> as inputs

; RD<5: 4> as out puts
RD<7: 6> as inputs

FIGURE 9-7: PORTD BLOCK DIAGRAM (IN I/O PORT MODE)
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DRV_SYS Control
Note: I/O pins have protection diodes to VDD and Vss.
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NOTES:
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11.1  TimerO Operation

When the TOCS (TOSTA<5>) bit is set, TMRO incre-
ments on the internal clock. When TOCS is clear, TMRO
increments on the external clock (RAL/TOCKI pin). The
external clock edge can be configured in software.
When the TOSE (TOSTA<6>) bit is set, the timer will
increment on the rising edge of the RA1/TOCKI pin.
When TOSE is clear, the timer will increment on the fall-
ing edge of the RAL/TOCKI pin. The prescaler can be
programmed to introduce a prescale of 1:1 to 1:256.
The timer increments from 0000h to FFFFh and rolls
over to 0000h. On overflow, the TMRO Interrupt Flag bit
(TOIF) is set. The TMRO interrupt can be masked by
clearing the corresponding TMRO Interrupt Enable bit
(TOIE). The TMRO Interrupt Flag bit (TOIF) is automati-
cally cleared when vectoring to the TMRO interrupt vec-
tor.

11.2 Using Timer0 with External Clock

When the external clock input is used for Timer0, it is
synchronized with the internal phase clocks.
Figure 11-3 shows the synchronization of the external
clock. This synchronization is done after the prescaler.
The output of the prescaler (PSOUT) is sampled twice
in every instruction cycle to detect a rising or a falling
edge. The timing requirements for the external clock
are detailed in the electrical specification section for the
desired device.

11.2.1 DELAY FROM EXTERNAL CLOCK EDGE

Since the prescaler output is synchronized with the
internal clocks, there is a small delay from the time the
external clock edge occurs to the time TMRO is actually
incremented. Figure 11-3 shows that this delay is
between 3Tosc and 7Tosc. Thus, for example, mea-
suring the interval between two edges (e.g. period) will
be accurate within +4Tosc (2121 ns @ 33 MHz).

FIGURE 11-2: TIMERO MODULE BLOCK DIAGRAM

Interrupt on overflow
sets TOIF

0 Prescaler
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RA1/TOCKI Fosc/4 |1[ | asyncripple
- counter)

(INTSTA<5>)

Synchronization{ | TMROH<8> | TMROL<8>

PSOUT

TOSE 4
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]

Q2 Q4

FIGURE 11-3: TMROTIMING WITH EXTERNAL CLOCK (INCREMENT ON FALLING EDGE)
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Note 1: The delay from the TOCKI edge to the TMRO increment is 3Tosc to 7Tosc.
2: 1t = PSOUT is sampled here.
3: The PSOUT high time is too short and is missed by the sampling circuit.
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12.1.3.3.1 MAX RESOLUTION/FREQUENCY FOR
EXTERNAL CLOCK INPUT

The use of an external clock for the PWM time-base
(Timerl or Timer2) limits the PWM output to a maxi-
mum resolution of 8-bits. The PWxDCL<7:6> bits must
be kept cleared. Use of any other value will distort the
PWM output. All resolutions are supported when inter-
nal clock mode is selected. The maximum attainable
frequency is also lower. This is a result of the timing
requirements of an external clock input for a timer (see
the Electrical Specification section). The maximum
PWM frequency, when the timers clock source is the
RB4/TCLK12 pin, is shown in Table 12-3 (standard res-
olution mode).

12.2 Timer3

Timer3 is a 16-bit timer consisting of the TMR3H and
TMR3L registers. TMR3H is the high byte of the timer
and TMR3L is the low byte. This timer has an associ-
ated 16-bit period register (PR3H/CA1H:PR3L/CA1L).
This period register can be software configured to be a
second 16-bit capture register.

When the TMR3CS bit (TCON1<2>) is clear, the timer
increments every instruction cycle (Fosc/4). When
TMR3CS is set, the timer increments on every falling
edge of the RB5/TCLK3 pin. In either mode, the
TMR3ON bit must be set for the timer to increment.
When TMR3ON is clear, the timer will not increment or
set the TMRS3IF bit.

Timer3 has two modes of operation, depending on the
CA1/PR3 bit (TCON2<3>). These modes are:

* One capture and one period register mode
» Dual capture register mode

The PIC17C4X has up to two 16-bit capture registers
that capture the 16-bit value of TMR3 when events are
detected on capture pins. There are two capture pins
(RBO/CAP1 and RB1/CAP2), one for each capture reg-
ister. The capture pins are multiplexed with PORTB
pins. An event can be:

e arising edge

« afalling edge

« every 4th rising edge
 every 16th rising edge

Each 16-bit capture register has an interrupt flag asso-
ciated with it. The flag is set when a capture is made.
The capture module is truly part of the Timer3 block.
Figure 12-7 and Figure 12-8 show the block diagrams
for the two modes of operation.

TABLE 12-4: REGISTERS/BITS ASSOCIATED WITH PWM
Value on Valgfh%r: all
Address Name Bit 7 Bit 6 Bit 5 Bit 3 Bit 2 Bit 1 Bit 0 Power-on
Reset resets
(Notel)
16h, Bank 3 TCON1 CA2ED1 | CA2EDO | CA1ED1 | CA1EDO T16 TMR3CS | TMR2CS | TMR1CS | 0000 0000 | 0000 0000
17h, Bank 3 TCON2 CA20VF | CALOVF | PWM2ON | PWMI1ON | CA1/PR3 | TMR3ON | TMR2ON [ TMRION | 0000 0000 | 0000 0000
10h, Bank 2 TMR1 Timer1 register XXXX XXXX | uuuu uuuu
11h, Bank 2 TMR2 Timer2 register XXXX XXXX | uuuu uuuu
16h, Bank 1 PIR RBIF TMR3IF TMR2IF TMR1IF CA2IF CA1lIF TXIF RCIF 0000 0010 | 0000 0010
17h, Bank 1 PIE RBIE TMR3IE TMR2IE TMR1IE 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 qQ--
10h, Bank 3 PW1DCL DC1 DCO — — — — — — XX-- ---- uu-- ----
11h, Bank 3 PW2DCL DC1 DCO TM2PW2 — — — — — xx0- ---- [uu0- ----
12h, Bank 3 PWI1DCH 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 '0’, g = value depends on conditions,

shaded cells are not used by PWM.

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

00 1996 Microchip Technology Inc. DS30412C-page 85



PIC17C4X

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.
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NEGW Negate W
Syntax: [labell NEGW fs
Operands: 0<F<255
s 0[0,1]
Operation: WREG +1 - (f);
WREG+1 - s
Status Affected: OV, C, DC, Z

Encoding: | o010 | 110s | trtf | et |
Description: WREG is negated using two's comple-
ment. If 's' is O the result is placed in
WREG and data memory location 'f'. If
's'is 1 the result is placed only in data
memory location 'f'.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Execute Write
register 'f' register 'f'
and other
specified
register
Example: NEGW REG 0
Before Instruction
WREG = 0011 1010 [0x3A],
REG = 1010 1011 [OXAB]
After Instruction
WREG = 1100 0111 [0xC6]
REG = 1100 0111 [0xC6]

NOP No Operation
Syntax: [ label] NOP
Operands: None
Operation: No operation
Status Affected:  None
Encoding: | 0000 | 0000 | 0ooo | o000 |
Description: No operation.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
| Decode | NOP | Execute | NOP |
Example:
None.
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RLNCF Rotate Left f (no carry) RRCF Rotate Right f through Carry
Syntax: [ label] RLNCF fd Syntax: [ label] RRCF fd
Operands: 0<f<255 Operands: 0<f<255
d 0[0,1] d 0 [0,1]
Operation: f<n> - d<n+1>; Operation: f<n> - d<n-1>;
f<7> - d<0> f<0> - C;
Status Affected: None C - d<7>
Encoding: [ o010 [ood [ reee [ reet | Status Affected:  C
Description: The contents of register 'f' are rotated Encoding: | 0001 | 100d | frff | fiff |
one bit to the left. If 'd" is O the result is Description: The contents of register 'f' are rotated
placed in WREG. If 'd" is 1 the result is one bit to the right through the Carry
stored back in register 'f'. Flag. If 'd" is O the result is placed in
- WREG. If 'd' is 1 the result is placed
register f
back in register 'f'.
Words i I
Cycles:
o Words:
Q Cycle Activity: Cveles: 1
01 Q2 03 Q4 ycles:
Decode Read Execute Write to Q Cycle Activity:
register 'f' destination Q1 Q2 Q3 Q4
. Decode Read Execute Write to
Example: RLNCF REG 1 register 'f' destination
Before Instruction
c = 0 Example: RRCF REGL, 0
REG = 1110 1011 Before Instruction
After Instruction REG1 = 1110 0110
C = C = 0
REG = 1101 0111 After Instruction
REG1 = 1110 0110
WREG = 0111 0011
C = 0

00 1996 Microchip Technology Inc.
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SLEEP Enter SLEEP mode
Syntax: [ label] SLEEP
Operands: None
Operation: 00h - WDT;
0 - WDT postscaler;
1 - TO;
0 - PD
Status Affected:  TO, PD
Encoding: | 0000 | 0000 | 0000 | 0011 |
Description: The power down status bit (PD) is
cleared. The time-out status bit (TO) is
set. Watchdog Timer and its prescaler
are cleared.
The processor is put into SLEEP
mode with the oscillator stopped.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Execute NOP
register
PCLATH
Example: SLEEP
Before Instruction
TO = ?
PD = 2
After Instruction
TO = 1t
PD = 0

t If WDT causes wake-up, this bit is cleared

SUBLW Subtract WREG from Literal
Syntax: [ label] SUBLW k
Operands: 0<k<255
Operation: k — (WREG) - (WREG)
Status Affected: oV, C,DC, zZ
Encoding: | 1011 | 0010 | kkkk | kkkk |
Description: WREG is subtracted from the eight bit
literal 'k'. The result is placed in
WREG.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Execute Write to
literal 'k’ WREG
Example 1: SUBLW 0x02
Before Instruction
WREG = 1
C = 2
After Instruction
WREG = 1
C = 1 ;resultis positive
Z = 0
Example 2:
Before Instruction
WREG = 2
C = ?
After Instruction
WREG = 0
C = 1 ; result is zero
z = 1
Example 3:
Before Instruction
WREG = 3
C = ?
After Instruction
WREG = FF ;(2's complement)
C = 0 ;resultis negative
A = 1

00 1996 Microchip Technology Inc.

DS30412C-page 135




PIC17C4X

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 18-7: TYPICAL Ipp vs. FREQUENCY (EXTERNAL CLOCK 25°C)
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FIGURE 18-8: MAXIMUM IDD vs. FREQUENCY (EXTERNAL CLOCK 125°C TO -40°C)
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|Applicable Devices |42 |R42[42A|43|R43 (44|

FIGURE 18-9:

TYPICAL IpD vs. VDD WATCHDOG DISABLED 25°C
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FIGURE 18-10: MAXIMUM IrD vs. VDD WATCHDOG DISABLED
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|Applicable Devices [42|R42[42A[43|R43|44 |

CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS

AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)
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|Applicable Devices [42|R42[42A[43|R43(44 |

Standard Operating Conditions (unless otherwise stated)
Operating temperature
DC CHARACTERISTICS -40°C <TA < +85°C for industrial and
0°C <TA<+70°C for commercial
Operating voltage VDD range as described in Section 19.1
Parameter
No. Sym Characteristic Min Typt Max | Units Conditions
Output Low Voltage
D080 VoL |I/O ports (except RA2 and RA3 loL =VDD/1.250 mA
- - 0.1vbb | V |45V <VDD< 6.0V
- - 0.1vpbb *| V |VDD =2.5V
D081 with TTL buffer - - 0.4 V |loL =6 mA, VDD = 4.5V
Note 6
D082 RA2 and RA3 - - 3.0 V |loL =60.0 mA, VDD = 6.0V
D083 OSC2/CLKOUT - - 0.4 V |loL=1mA, VDD = 4.5V
D084 (RC and EC osc modes) - - 0.1vbbp *| V [loL =VDD/5 mA
(PIC17LC43/LC44 only)
Output High Voltage (Note 3)
D090 VoH |I/O ports (except RA2 and RA3 IoH = -VDD/2.500 mA
0.9VDbD - - V |45V <VDD< 6.0V
0.9VDD * - - V |VDD =2.5V
D091 with TTL buffer 24 - - V |loH =-6.0 mA, VDD=4.5V
Note 6
D092 RA2 and RA3 - - 12 V |Pulled-up to externally
applied voltage
D093 OSC2/CLKOUT 2.4 - - V |loH =-5mA, VDD = 4.5V
D094 (RC and EC osc modes) 0.9VDD * - - V |loH =-VDD/5 mA
(PIC17LC43/LC44 only)
Capacitive Loading Specs
on Output Pins
D100 Cosc2|OSC2/CLKOUT pin - - 25 pF [In EC or RC osc modes
when OSC2 pin is outputting
CLKOUT.
external clock is used to
drive OSC1.
D101 Cio |Alll/O pins and OSC2 - - 50 pF
(in RC mode)
D102 CAD |System Interface Bus - - 50 pF |In Microprocessor or
(PORTC, PORTD and PORTE) Extended Microcontroller
mode

a

These parameters are characterized but not tested.

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.

In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
PIC17CXX devices be driven with external clock in RC mode.

The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels
represent normal operating conditions. Higher leakage current may be measured at different input voltages.
Negative current is defined as coming out of the pin.

These specifications are for the programming of the on-chip program memory EPROM through the use of the
table write instructions. The complete programming specifications can be found in: PIC17CXX Programming
Specifications (Literature number DS30139).

The MCLR/VPP pin may be kept in this range at times other than programming, but is not recommended.

For TTL buffers, the better of the two specifications may be used.
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|Applicable Devices |42 |R42[42A|43|R43 44|

FIGURE 19-9: USART MODULE: SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

RASTXICK 25 RL

pin —»- 54— 121 —>: I<— 121 .
RA4/RX/DT . f N
o Ded X

— 120 |~— 122 —= -——

TABLE 19-9: SYNCHRONOUS TRANSMISSION REQUIREMENTS

Param
No. |Sym Characteristic Min | Typt | Max | Units | Conditions
120 | TckH2dtV | SYNC XMIT (MASTER &
SLAVE) PIC17CR42/42A/43/R43/44 — — 50 ns
Clock high to data outvalid - ['pc17 CR42/42A/43/R43/44 — | — | 75| ns
121 | TckRF Clock out rise time and fall time | PIC17CR42/42A/43/R43/44 — — 25 ns
(Master Mode) PIC17LCR42/42A/43/R43/44 — [ =1 40 | ns
122 | TdtRF Data out rise time and fall time | PIC17CR42/42A/43/R43/44 — — 25 ns
PIC17LCR42/42A/43/R43/44 — — 40 ns
t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.

FIGURE 19-10: USART MODULE: SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING

RAS5/TX/CK \
pin ! 125 ' !
:4—» ' .
RA4/RXIDT g . T
pin ><: }<

l-— 126 ——— .

TABLE 19-10: SYNCHRONOUS RECEIVE REQUIREMENTS

Parameter
No. Sym Characteristic Min Typt Max Units | Conditions
125 TdtV2ckL SYNC RCV (MASTER & SLAVE) 15 — — ns
Data hold before CKt (DT hold time)
126 TekL2dtl Data hold after CK! (DT hold time) 15 — — ns
t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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21.6 Package Marking Information
40-Lead PDIP/CERDIP Example
) 9,:9.9.0.9.9.9.9.9.0.0.9.9.9.9.0.0.¢ PIC17C43-251/P
) 9.0.90.0.09.9.9.0.00.9.9.9.9.0.04 LO06
) 9.9.0.0.9.9.9.9.9.0.0.9.9.9.9.0.0¢
X\ AABBCDE X\ 9441CCA
O " MicROCHIP O MicrocHIP
40 Lead CERDIP Windowed Example
XXXXXXXXXXX PIC17C44
@ XXXXXXXXXXX @ 1IW
HXXXXXXXXXXX L184
MicrocHIP MicRoCHIP
AABBCDE 9444CCT
44-Lead PLCC Example
MIcCROCHIP MICROCHIP
XXXX XXX XXX PIC17C42
O XXXXXXXXXX O .161L
XXX XXXXXXX L013
AABBCDE 9445CCN
44-Lead MQFP Example
XXXX XXX XXX PIC17C44
XXXX XXX XXX -25/PT
XXXX XXX XXX L247
o AABBCDE o 9450CAT
44-Lead TQFP Example
XXXX XXX XXX PIC17C44
XXXX XXX XXX -25/TQ
XXXX XXX XXX L247
o AABBCDE o 9450CAT

Legend: MM...M  Microchip part number information
XX...X Customer specific information*

AA Year code (last 2 digits of calendar year)
BB Week code (week of January 1 is week ‘01")
Cc Facility code of the plant at which wafer is manufactured

C = Chandler, Arizona, U.S.A.,
S =Tempe, Arizona, U.S.A.
D Mask revision number
E Assembly code of the plant or country of origin in which
part was assembled
Note: In the event the full Microchip part number cannot be marked on one line,
it will be carried over to the next line thus limiting the number of available
characters for customer specific information.

*  Standard OTP marking consists of Microchip part number, year code, week
code, facility code, mask rev#, and assembly code. For OTP marking beyond
this, certain price adders apply. Please check with your Microchip Sales
Office. For QTP devices, any special marking adders are included in QTP
price.
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PIC16C9XX Family Of Devices
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NOTES:
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Receive Status and Control Register

Register File Map ........ccoovviiieiiiiieeeec e
Registers
ALUSTA oo 27,36
BRG ..o 86
BSR o 27
CPUSTA .. .. 37

File Map ...
FSRO ..... ... 40

PIE

TOSTA

Reset
SECHON Lo 15
Status Bits and Their Significance ............cccccoevvrennnns 16
Time-Out in Various Situations ...........cccceeeveeneenneenns 16
TiMe-Out SEQUENCE ....cooueieiiiiieeiiie e 16
RETFIE ..ot 131
RETLW oot 131
RETURN L.ttt 132
RLCF e 132
RLNCF ettt 133
RRCF ettt 133
RRNCF .o 134
RX Pin Sampling Scheme
RX9
RX9D
S
SAMPIING it

Saving STATUS and WREG in RAM ...
SETF oo
SR e
SFR (Special Function Registers) .........cccocveeerivieennnne.
SFR As Source/Destination ..........cccocceeiviiiieniisiin s
Signed Math ..o
SLEEP ..

Software Simulator (MPSIM) .......cccooiiiiiiiieeree e
SPBRG ...cciiiiiiiceee
Special Features of the CPU .
Special Function Registers ....

SPEN .ot
SREN i
Stack

OPEIALION ..eueiiiieetieeiee et 39

Pointer ... .39

Stack . .29
STKAL ....... .39
STKAV ettt e e e e et ans 37
SUBLW oottt s 135
SUBWE .ottt 136
SUBWEB ...ttt et 136

Synchronous Master Mode ..........cccocveeiiiiieeeiiiie e 93
Synchronous Master ReCeption ..........cccoceeeereereniieeeninnenns 95
Synchronous Master TransSmisSion .........cccccvecvveeieerenieeennn 93
Synchronous Slave Mode ...........ccccovieiiiiieennieeeee e 97
T

Table LatCh ...oeeoiieeeeee e 40
Table POINEI ..ooiiieeeiiiie et 40
Table Read
Example ..
Section ......c.ccveeeeneene
Table Reads SecCtion ........ccccceeiiiiiiiiiii e 48
TABLRD Operation .........ccccovueeerieeeeiiiee e snee e 44
TIMING ettt 48
TLRD ittt 48
TLRD OPEration ......c.ccevcvveeiiieeenieeeesieee e sinee e 44
Table Write
COUL i 46
INEEIACHION ....veeiiiiie et 45
SECHON L. 43
TABLWT OPEeration .......cccceoeceeeeiieeeeniieeeenieeesiiee e 43
Terminating Long Wrtes .......cccoovvvieiiieiiiiee e 45
11021V T S OURR
TLWT OPEration ....cceeeeeeieeiiiieeiiiie e

To External Memory ..

To Internal Memory ...
TABLRD ....oooviiiiiiiiiiine .
TABLWT o
TBLATH et
TBLATL ettt e
TBLPTRH it
TBLPTRL ..
TCLK12 ....

Terminating Long Writes
TimMe-OUt SEQUENCE .....oocveiiiiieiiiiiii et
TIMEr RESOUICES ...uvviiiieeiieiiiiie e e eeete et
TIMEIO it e e e e e s e e e e e e e
Timerl
16-Dit MOE ..ooeeeeeeiiee e
Clock Source Select ..
ON DIt e
SECHON .oeieiiicceeee e
Timer2
16-Dit MOE ..ot 74
Clock Source Select ........cccoveviiiieiieeeiiiiieee e 71
[ 5 N o | SR 72
ST=Tex 1o o I RSO 71,73
Timer3
Clock SoUrce Select .......cccevvviiiiieieeeiiiiieee e 71
ON DIt e 72
SECHON .oeieiiicceeee e 71,77
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Timing Diagrams

Asynchronous Master Transmission ...........cccceeeveeenne 90

Asynchronous RECEPLiON ........ccccoevveeeiieeeeiiiee e 92

Back to Back Asynchronous Master Transmission .... 90

Interrupt (INT, TMRO PiNS) ...c.ccooviiiiiiiiiiiicieeieee

PICL17CA42 CaplUre .....occveviieieeeieiieee e

PIC17C42 CLKOUT and /O ..............

PIC17C42 Memory Interface Read ....

PIC17C42 Memory Interface Write ....

PIC17C42 PWM TiMING ..oovvveienrieienreneenreseene e

PIC17C42 RESET, Watchdog Timer, Oscillator

Start-up Timer and Power-up Timer ..........cccccoeeueen. 157

PIC17CA42 Timer0 CIOCK .....cceeeviiveeiriieeaniieeeiiieees 158

PIC17C42 Timerl, Timer2 and Timer3 Clock .......... 158

PIC17C42 USART Module, Synchronous

RECEIVE . 160

PIC17C42 USART Module, Synchronous

TraANSMISSION ...eeiiiiiieiiiie et

PIC17C43/44 Capture TiMing .......cccocvveerrveeenineennnns

PIC17C43/44 CLKOUT and /O ......ccccocvevviiiiicinns

PIC17C43/44 External ClOCK ........ccoocuvveiiiiieiiiienens

PIC17C43/44 Memory Interface Read .....................

PIC17C43/44 Memory Interface Write ..

PIC17CA43/44 PWM TimMiNg ..ccovvevvenienienienieieneeees

PIC17C43/44 RESET, Watchdog Timer, Oscillator

Start-up Timer and Power-up Timer ...........ccccceeeuee. 186

PIC17C43/44 Timer0 ClocK .......ccccovvvvveniniiiinien, 187

PIC17C43/44 Timerl, Timer2 and Timer3 Clock ..... 187

PIC17C43/44 USART Module Synchronous

RECEIVE ..t 189

PIC17C43/44 USART Module Synchronous

TranSMISSION ....ccouviiiieiiieee et 189

Synchronous Reception ..........ccccceeeviieeiiiieesiieeeans 95

Synchronous Transmission .94

Table Read .......cccoocviiiiiiieeic e 48

Table WHEE ..o 46

TMRO e 68, 69

TMRO Read/Write in Timer Mode ........cccccevevreiinnnne 70

TMR1, TMR2, and TMR3 in External Clock Mode ..... 80

TMR1, TMR2, and TMR3 in Timer Mode .

Wake-Up from SLEEP ........c.cccoooiniiennen. .
Timing Diagrams and Specifications ............ccccceviveeennnen.
Timing Parameter Symbology ..........cccccovvveeiiiieniinieennne. 153
TLRD ettt 44,139
TLWT e 43, 140
TMRO

16-bit REA .....eeiiiieiiiiiei 69

16-DIt WILE ..o 69

Clock Timing . ...158

MOAUIE ..o 68

(@011 -1 1o o PR UPPROTRRN 68

OVEIVIEW ittt e e e 65

Prescaler ASSignments ........ccccccecveeieeiieenieneeeeen 69

Read/Write Considerations ..........cccccceeeiiieeeniieeenns 69

Read/Write in Timer Mode .........ccccceviiveeiiiieeniieeenne 70

TIMING oo ..68, 69
TMRO STATUS/Control Register (TOSTA) ....cccevevciieeeninenn. 38
TMROH i 34
TIMROL it 34
TMRIL oo 20, 35
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TIMR2 oo 20, 35
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TMR2CS ..o 71
1L 22 | S 23
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TMR3

Dual Capturel Register Mode .........cccccovvieiiieeeninen. 79

Example, Reading From .........cccoceiiieiniiicniieeceee, 80

Example, Writing TO .....ccooviiiiiiiiicccceeee e 80

External Clock INput ........coccoiiiiiiiiiiie e, 80
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TMR3BIF oo 24,77
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TRMT e 83
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T D e 83
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TXSTA e 19, 34, 92, 96, 98
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USART
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