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computers on a single chip, containing a processor core,
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They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
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range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
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functions, safety features, and infotainment systems.
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systems.
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Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
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used in simple applications like basic control systems and
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medium-scale applications like industrial automation. 32-
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processing, such as automotive systems and sophisticated
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different performance and complexity needs.
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General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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6.4.1 INDIRECT ADDRESSING REGISTERS

The PIC17C4X has four registers for indirect address-
ing. These registers are:

• INDF0 and FSR0
• INDF1 and FSR1

Registers INDF0 and INDF1 are not physically imple-
mented. Reading or writing to these registers activates
indirect addressing, with the value in the correspond-
ing FSR register being the address of the data. The
FSR is an 8-bit register and allows addressing any-
where in the 256-byte data memory address range.
For banked memory, the bank of memory accessed is
specified by the value in the BSR.

If file INDF0 (or INDF1) itself is read indirectly via an
FSR, all '0's are read (Zero bit is set). Similarly, if
INDF0 (or INDF1) is written to indirectly, the operation
will be equivalent to a NOP, and the status bits are not
affected.

6.4.2 INDIRECT ADDRESSING OPERATION

The indirect addressing capability has been enhanced
over that of the PIC16CXX family. There are two con-
trol bits associated with each FSR register. These two
bits configure the FSR register to:

• Auto-decrement the value (address) in the FSR 
after an indirect access

• Auto-increment the value (address) in the FSR 
after an indirect access

• No change to the value (address) in the FSR after 
an indirect access

These control bits are located in the ALUSTA register.
The FSR1 register is controlled by the FS3:FS2 bits
and FSR0 is controlled by the FS1:FS0 bits.

When using the auto-increment or auto-decrement
features, the effect on the FSR is not reflected in the
ALUSTA register. For example, if the indirect address
causes the FSR to equal '0', the Z bit will not be set.

If the FSR register contains a value of 0h, an indirect
read will read 0h (Zero bit is set) while an indirect write
will be equivalent to a NOP (status bits are not
affected).

Indirect addressing allows single cycle data transfers
within the entire data space. This is possible with the
use of the MOVPF and MOVFP instructions, where either
'p' or 'f' is specified as INDF0 (or INDF1). 

If the source or destination of the indirect address is in
banked memory, the location accessed will be deter-
mined by the value in the BSR.

A simple program to clear RAM from 20h - FFh is
shown in Example 6-1.

EXAMPLE 6-1: INDIRECT ADDRESSING

    MOVLW    0x20         ;
    MOVWF    FSR0         ; FSR0 = 20h
    BCF      ALUSTA, FS1  ; Increment FSR
    BSF      ALUSTA, FS0  ; after access
    BCF      ALUSTA, C    ; C = 0
    MOVLW    END_RAM + 1  ;
LP  CLRF     INDF0        ; Addr(FSR) = 0
    CPFSEQ   FSR0         ; FSR0 = END_RAM+1?
    GOTO     LP           ; NO, clear next
    :                     ; YES, All RAM is
    :                     ; cleared

6.5 Table Pointer (TBLPTRL and 
TBLPTRH)

File registers TBLPTRL and TBLPTRH form a 16-bit
pointer to address the 64K program memory space.
The table pointer is used by instructions TABLWT and
TABLRD. 

The TABLRD and the TABLWT instructions allow trans-
fer of data between program and data space. The table
pointer serves as the 16-bit address of the data word
within the program memory. For a more complete
description of these registers and the operation of Table
Reads and Table Writes, see Section 7.0.

6.6 Table Latch (TBLATH, TBLATL)

The table latch (TBLAT) is a 16-bit register, with
TBLATH and TBLATL referring to the high and low
bytes of the register. It is not mapped into data or pro-
gram memory. The table latch is used as a temporary
holding latch during data transfer between program and
data memory (see descriptions of instructions TABLRD,
TABLWT, TLRD and TLWT). For a more complete
description of these registers and the operation of Table
Reads and Table Writes, see Section 7.0.
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FIGURE 9-5: BLOCK DIAGRAM OF RB3 AND RB2 PORT PINS       

Note: I/O pins have protection diodes to VDD and Vss.
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FIGURE 12-2: TCON2 REGISTER (ADDRESS: 17h, BANK 3)   

 

R - 0 R - 0 R/W - 0 R/W - 0 R/W - 0 R/W - 0 R/W - 0 R/W - 0
CA2OVF CA1OVF PWM2ON PWM1ON CA1/PR3 TMR3ON TMR2ON TMR1ON

 

R = Readable bit
W = Writable bit
-n = Value at POR reset

 

bit7 bit0

bit 7:

 

CA2OVF

 

:  Capture2 Overflow Status bit
This bit indicates that the capture value had not been read from the capture register pair (CA2H:CA2L)
before the next capture event occurred. The capture register retains the oldest unread capture value (last
capture before overflow). Subsequent capture events will not update the capture register with the Timer3
value until the capture register has been read (both bytes).
1 = Overflow occurred on Capture2 register
0 = No overflow occurred on Capture2 register

bit 6:

 

CA1OVF

 

: Capture1 Overflow Status bit
This bit indicates that the capture value had not been read from the capture register pair
(PR3H/CA2H:PR3L/CA2L) before the next capture event occurred. The capture register retains the old-
est unread capture value (last capture before overflow). Subsequent capture events will not update the
capture register with the TMR3 value until the capture register has been read (both bytes).
1 = Overflow occurred on Capture1 register
0 = No overflow occurred on Capture1 register

bit 5:

 

PWM2ON

 

: PWM2 On bit
1 = PWM2 is enabled (The RB3/PWM2 pin ignores the state of the DDRB<3> bit)
0 = PWM2 is disabled (The RB3/PWM2 pin uses the state of the DDRB<3> bit for data direction)

bit 4:

 

PWM1ON

 

: PWM1 On bit
1 = PWM1 is enabled (The RB2/PWM1 pin ignores the state of the DDRB<2> bit)
0 = PWM1 is disabled (The RB2/PWM1 pin uses the state of the DDRB<2> bit for data direction)

bit 3:

 

CA1/PR3

 

: CA1/PR3 Register Mode Select bit
1 = Enables Capture1 (PR3H/CA1H:PR3L/CA1L is the Capture1 register. Timer3 runs without 
a period register)
0 = Enables the Period register (PR3H/CA1H:PR3L/CA1L is the Period register for Timer3)

bit 2:

 

TMR3ON

 

: Timer3 On bit
1 = Starts Timer3
0 = Stops Timer3

bit 1:

 

TMR2ON

 

: Timer2 On bit
This bit controls the incrementing of the Timer2 register.  When Timer2:Timer1 form the 16-bit timer (T16
is set), TMR2ON must be set.  This allows the MSB of the timer to increment.
1 = Starts Timer2 (Must be enabled if the T16 bit (TCON1<3>) is set)
0 = Stops Timer2

bit 0:

 

TMR1ON

 

: Timer1 On bit
When T16 is set (in 16-bit Timer Mode)   
1 = Starts 16-bit Timer2:Timer1
0 = Stops 16-bit Timer2:Timer1

When T16 is clear (in 8-bit Timer Mode)   
1 = Starts 8-bit Timer1
0 = Stops 8-bit Timer1
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12.1 Timer1 and Timer2

 

12.1.1 TIMER1, TIMER2 IN 8-BIT MODE

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

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

Each timer also has a corresponding interrupt enable
bit (TMRxIE). The timer interrupt can be enabled by set-
ting this bit and disabled by clearing this bit. For periph-
eral interrupts to be enabled, the Peripheral Interrupt
Enable bit must be enabled (PEIE is set) and global
interrupts must be enabled (GLINTD is cleared).

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

12.1.1.1 EXTERNAL CLOCK INPUT FOR TIMER1 
OR TIMER2

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

 

FIGURE 12-3: TIMER1 AND TIMER2 IN TWO 8-BIT TIMER/COUNTER MODE   
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12.1.2 TIMER1 & TIMER2 IN 16-BIT MODE

To select 16-bit mode, the T16 bit must be set. In this
mode TMR1 and TMR2 are concatenated to form a
16-bit timer (TMR2:TMR1). The 16-bit timer incre-
ments until it matches the 16-bit period register
(PR2:PR1). On the following timer clock, the timer
value is reset to 0h, and the TMR1IF bit is set.

When selecting the clock source for the16-bit timer, the
TMR1CS bit controls the entire 16-bit timer and
TMR2CS is a “don’t care.” When TMR1CS is clear, the
timer increments once every instruction cycle (Fosc/4).
When TMR1CS is set, the timer increments on every
falling edge of the RB4/TCLK12 pin. For the 16-bit timer
to increment, both TMR1ON and TMR2ON bits must be
set (Table 12-1).

12.1.2.1 EXTERNAL CLOCK INPUT FOR 
TMR1:TMR2

When TMR1CS is set, the 16-bit TMR2:TMR1 incre-
ments on the falling edge of clock input TCLK12. The
input on the RB4/TCLK12 pin is sampled and synchro-
nized by the internal phase clocks twice every instruc-
tion cycle. This causes a delay from the time a falling
edge appears on RB4/TCLK12 to the time
TMR2:TMR1 is actually incremented. For the external
clock input timing requirements, see the Electrical
Specification section.

 

TABLE 12-1: TURNING ON 16-BIT TIMER   

 

TMR2ON TMR1ON Result

 

1 1

 

16-bit timer 
(TMR2:TMR1) ON

 

0 1

 

Only TMR1 increments

 

x 0

 

16-bit timer OFF

 

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

TABLE 12-2: SUMMARY OF TIMER1 AND TIMER2 REGISTERS    

 

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on 
Power-on 

Reset

Value on all 
other resets 

(Note1)

 

16h, Bank 3 TCON1 CA2ED1 CA2ED0 CA1ED1 CA1ED0 T16 TMR3CS TMR2CS TMR1CS

 

0000 0000 0000 0000

 

17h, Bank 3 TCON2 CA2OVF CA1OVF PWM2ON PWM1ON CA1/PR3 TMR3ON TMR2ON TMR1ON

 

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 CA1IF TXIF RCIF

 

0000 0010 0000 0010

 

17h, Bank 1 PIE RBIE TMR3IE TMR2IE TMR1IE CA2IE CA1IE TXIE RCIE

 

0000 0000 0000 0000

 

07h, Unbanked INTSTA PEIF T0CKIF T0IF INTF PEIE T0CKIE T0IE INTE

 

0000 0000 0000 0000

 

06h, Unbanked CPUSTA — — STKAV GLINTD TO PD — —

 

--11 11-- --11 qq--

 

14h, Bank 2 PR1 Timer1 period register

 

xxxx xxxx uuuu uuuu

 

15h, Bank 2 PR2 Timer2 period register

 

xxxx xxxx uuuu uuuu

 

10h, Bank 3 PW1DCL DC1 DC0 — — — — — —

 

xx-- ---- uu-- ----

 

11h, Bank 3 PW2DCL DC1 DC0 TM2PW2 — — — — —

 

xx0- ---- uu0- ----

 

12h, Bank 3 PW1DCH DC9 DC8 DC7 DC6 DC5 DC4 DC3 DC2

 

xxxx xxxx uuuu uuuu

 

13h, Bank 3 PW2DCH DC9 DC8 DC7 DC6 DC5 DC4 DC3 DC2

 

xxxx xxxx uuuu uuuu

 

Legend:

 

x

 

 = unknown, 

 

u

 

 = unchanged, 

 

-

 

 = unimplemented read as a '0', q - value depends on condition,
shaded cells are not used by Timer1 or Timer2.

Note 1: Other (non power-up) resets include: external reset through MCLR and WDT Timer Reset.
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NOTES:
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13.1 USART Baud Rate Generator (BRG)

 

The BRG supports both the Asynchronous and Syn-
chronous modes of the USART. It is a dedicated 8-bit
baud rate generator. The SPBRG register controls the
period of a free running 8-bit timer. Table 13-1 shows
the formula for computation of the baud rate for differ-
ent USART modes. These only apply when the USART
is in synchronous master mode (internal clock) and
asynchronous mode.

Given the desired baud rate and Fosc, the nearest inte-
ger value between 0 and 255 can be calculated using
the formula below. The error in baud rate can then be
determined. 

 

TABLE 13-1: BAUD RATE FORMULA   

 

SYNC Mode Baud Rate

 

0
1

 

Asynchronous
Synchronous

F

 

OSC

 

/(64(X+1))
F

 

OSC

 

/(4(X+1))
X = value in SPBRG (0 to 255)

Example 13-1 shows the calculation of the baud rate
error for the following conditions:

F

 

OSC

 

 = 16 MHz
Desired Baud Rate = 9600
SYNC = 0

 

EXAMPLE 13-1: CALCULATING BAUD 
RATE ERROR     

 

Writing a new value to the SPBRG, causes the BRG
timer to be reset (or cleared), this ensures that the BRG
does not wait for a timer overflow before outputting the
new baud rate. 

Desired Baud rate=Fosc / (64 (X + 1)) 

9600 = 16000000 /(64 (X + 1))

X = 25.042 = 25

Calculated Baud Rate=16000000 / (64 (25 + 1))

= 9615

Error = (Calculated Baud Rate - Desired Baud Rate) 
Desired Baud Rate

= (9615 - 9600) / 9600

= 0.16%

 

TABLE 13-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR   

 

   

 

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on 
Power-on 

Reset

Value on all 
other resets 

(Note1)

 

13h, Bank 0 RCSTA SPEN RX9 SREN CREN — FERR OERR RX9D

 

0000 -00x 0000 -00u

 

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 by the Baud Rate Generator.
Note 1: Other (non power-up) resets include: external reset through MCLR and Watchdog Timer Reset.



 



 

 1996 Microchip Technology Inc. DS30412C-page 91

 
PIC17C4X

 

13.2.2 USART ASYNCHRONOUS RECEIVER

The receiver block diagram is shown in Figure 13-4.
The data comes in the RA4/RX/DT pin and drives the
data recovery block. The data recovery block is actually
a high speed shifter operating at 16 times the baud
rate, whereas the main receive serial shifter operates
at the bit rate or at F

 

OSC

 

. 

Once asynchronous mode is selected, reception is
enabled by setting bit CREN (RCSTA<4>).

The heart of the receiver is the receive (serial) shift reg-
ister (RSR). After sampling the stop bit, the received
data in the RSR is transferred to the RCREG (if it is
empty). If the transfer is complete, the interrupt bit
RCIF (PIR<0>) is set. The actual interrupt can be
enabled/disabled by setting/clearing the RCIE
(PIE<0>) bit. RCIF is a read only bit which is cleared by
the hardware. It is cleared when RCREG has been
read and is empty. RCREG is a double buffered regis-
ter; (i.e. it is a two deep FIFO). It is possible for two
bytes of data to be received and transferred to the
RCREG FIFO and a third byte begin shifting to the
RSR. On detection of the stop bit of the third byte, if the
RCREG is still full, then the overrun error bit,
OERR (RCSTA<1>) will be set. The word in the RSR
will be lost. RCREG can be read twice to retrieve the
two bytes in the FIFO. The OERR bit has to be cleared
in software which is done by resetting the receive logic
(CREN is set). If the OERR bit is set, transfers from the
RSR to RCREG are inhibited, so it is essential to clear
the OERR bit if it is set. The framing error bit
FERR (RCSTA<2>) is set if a stop bit is not detected. 

13.2.3 SAMPLING

The data on the RA4/RX/DT pin is sampled three times
by a majority detect circuit to determine if a high or a
low level is present at the RA4/RX/DT pin. The sam-
pling is done on the seventh, eighth and ninth falling
edges of a x16 clock (Figure 11-3).

The x16 clock is a free running clock, and the three
sample points occur at a frequency of every 16 falling
edges.

 

Note:

 

The FERR and the 9th receive bit are buff-
ered the same way as the receive data.
Reading the RCREG register will allow the
RX9D and FERR bits to be loaded with val-
ues for the next received Received data;
therefore, it is essential for the user to read
the RCSTA register before reading
RCREG in order not to lose the old FERR
and RX9D information. 

 

FIGURE 13-7: RX PIN SAMPLING SCHEME     
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Steps to follow when setting up an Asynchronous
Reception:

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. If interrupts are desired, then set the RCIE bit.
4. If 9-bit reception is desired, then set the RX9 bit.
5. Enable the reception by setting the CREN bit.
6. The RCIF bit will be set when reception com-

pletes and an interrupt will be generated if the
RCIE bit was set.

7. Read RCSTA to get the ninth bit (if enabled) and
FERR bit to determine if any error occurred dur-
ing reception.

8. Read RCREG for the 8-bit received data.
9. If an overrun error occurred, clear the error by

clearing the OERR bit.

 

Note:

 

To terminate a reception, either clear the
SREN and CREN bits, or the SPEN bit.
This will reset the receive logic, so that it
will be in the proper state when receive is
re-enabled.

 

FIGURE 13-8: ASYNCHRONOUS RECEPTION    

TABLE 13-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION   

 

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on 
Power-on 

Reset

Value on all 
other resets 

(Note1)

 

16h, Bank 1 PIR RBIF TMR3IF TMR2IF TMR1IF CA2IF CA1IF TXIF RCIF 0000 0010 0000 0010

13h, Bank 0 RCSTA SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x 0000 -00u

14h, Bank 0 RCREG RX7 RX6 RX5 RX4 RX3 RX2 RX1 RX0 xxxx xxxx uuuu uuuu

17h, Bank 1 PIE RBIE TMR3IE TMR2IE TMR1IE CA2IE CA1IE 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 asynchronous reception.
Note 1: Other (non power-up) resets include: external reset through MCLR and Watchdog Timer Reset.

Start
bit bit7/8bit1bit0 bit7/8 bit0Stop

bit

Start
bit

Start
bitbit7/8 Stop
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OERR bit

CREN

Word 1
RCREG

Word 2
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Note: This timing diagram shows three words appearing on the RX input.   The RCREG (receive buffer) is read after the third word,
causing the OERR (overrun) bit to be set.

(RA4/RX/DT pin)

Word 3
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14.4.2 MINIMIZING CURRENT CONSUMPTION

To minimize current consumption, all I/O pins should be
either at VDD, or VSS, with no external circuitry drawing
current from the I/O pin. I/O pins that are hi-impedance
inputs should be pulled high or low externally to avoid
switching currents caused by floating inputs. The
T0CKI input should be at VDD or VSS. The contributions
from on-chip pull-ups on PORTB should also be con-
sidered, and disabled when possible.

14.5 Code Protection

The code in the program memory can be protected by
selecting the microcontroller in code protected mode
(PM2:PM0 = '000'). 

In this mode, instructions that are in the on-chip pro-
gram memory space, can continue to read or write the
program memory. An instruction that is executed out-
side of the internal program memory range will be inhib-
ited from writing to or reading from program memory.

         

If the code protection bit(s) have not been pro-
grammed, the on-chip program memory can be read
out for verification purposes.

Note: PM2 does not exist on the PIC17C42. To
select code protected microcontroller
mode, PM1:PM0 = '00'.

Note: Microchip does not recommend code pro-
tecting windowed devices.
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CALL Subroutine Call

Syntax: [ label ]   CALL   k

Operands: 0 ≤ k ≤ 4095

Operation: PC+ 1→ TOS, k → PC<12:0>,
k<12:8> → PCLATH<4:0>;
PC<15:13> → PCLATH<7:5>

Status Affected: None

Encoding: 111k kkkk kkkk kkkk

Description: Subroutine call within 8K page. First, 
return address (PC+1) is pushed onto 
the stack. The 13-bit value is loaded into 
PC bits<12:0>. Then the upper-eight 
bits of the PC are copied into PCLATH. 
Call is a two-cycle instruction.

See LCALL for calls outside 8K memory 
space.

Words: 1

Cycles: 2

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read literal 
'k'<7:0>

Execute NOP

Forced NOP NOP Execute NOP

Example: HERE CALL  THERE

Before Instruction
PC = Address(HERE)

After Instruction
PC = Address(THERE)
TOS = Address (HERE + 1)

       

CLRF Clear f

Syntax: [label] CLRF    f,s

Operands: 0 ≤ f ≤ 255

Operation: 00h → f, s ∈  [0,1]
00h → dest

Status Affected: None

Encoding: 0010 100s ffff ffff

Description: Clears the contents of the specified reg-
ister(s).
s = 0: Data memory location 'f' and  
WREG are cleared.
s = 1: Data memory location 'f' is 
cleared.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register 'f'

Execute Write
register 'f' 
and other 
specified 
register

Example: CLRF FLAG_REG

Before Instruction
FLAG_REG = 0x5A

After Instruction
FLAG_REG = 0x00
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CPFSEQ
Compare f with WREG, 
skip if f = WREG

Syntax: [ label ]   CPFSEQ    f

Operands: 0 ≤ f ≤ 255

Operation: (f) – (WREG), 
skip if (f) = (WREG) 
(unsigned comparison)

Status Affected: None

Encoding: 0011 0001 ffff ffff

Description: Compares the contents of data memory 
location 'f' to the contents of WREG by 
performing an unsigned subtraction.

If 'f' = WREG then the fetched instruc-
tion is discarded and an NOP is exe-
cuted instead making this a two-cycle 
instruction.

Words: 1

Cycles: 1 (2)

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register 'f'

Execute NOP

If skip:
Q1 Q2 Q3 Q4

Forced NOP NOP Execute NOP

Example: HERE    CPFSEQ REG
NEQUAL  :
EQUAL   :

Before Instruction
PC Address = HERE
WREG = ?
REG = ?

After Instruction
If REG = WREG;

PC = Address (EQUAL)
If REG ≠ WREG;

PC = Address (NEQUAL)

              

CPFSGT
Compare f with WREG, 
skip if f > WREG

Syntax: [ label ]   CPFSGT    f

Operands: 0 ≤ f ≤ 255

Operation: (f) − (WREG),
skip if (f) > (WREG) 
(unsigned comparison)

Status Affected: None

Encoding: 0011 0010 ffff ffff

Description: Compares the contents of data memory 
location 'f' to the contents of the WREG 
by performing an unsigned subtraction.

If the contents of 'f' > the contents of 
WREG then the fetched instruction is 
discarded and an NOP is executed 
instead making this a two-cycle instruc-
tion.

Words: 1

Cycles: 1 (2)

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register 'f'

Execute NOP

If skip:
Q1 Q2 Q3 Q4

Forced NOP NOP Execute NOP

Example: HERE      CPFSGT REG
NGREATER  :
GREATER   :

Before Instruction
PC = Address (HERE)
WREG = ?

After Instruction
If REG > WREG;

PC = Address (GREATER)
If REG ≤ WREG;

PC  = Address (NGREATER)
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DECF Decrement f

Syntax: [ label ]   DECF  f,d

Operands: 0 ≤ f ≤ 255
d ∈  [0,1]

Operation: (f) – 1 → (dest)

Status Affected: OV, C, DC, Z

Encoding: 0000 011d ffff ffff

Description: Decrement register 'f'. If 'd' is 0 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
register 'f'

Execute Write to 
destination

Example: DECF    CNT, 1

Before Instruction
CNT = 0x01
Z = 0

After Instruction
CNT = 0x00
Z = 1

         

DECFSZ Decrement f, skip if 0

Syntax: [ label ]   DECFSZ   f,d

Operands: 0 ≤ f ≤ 255
d ∈  [0,1]

Operation: (f) – 1 → (dest); 
skip if result = 0

Status Affected: None

Encoding: 0001 011d ffff ffff

Description: The contents of register 'f' are decre-
mented. If 'd' is 0 the result is placed in 
WREG. If 'd' is 1 the result is placed 
back in register 'f'.

If the result is 0, the next instruction, 
which is already fetched, is discarded, 
and an NOP is executed instead mak-
ing it a two-cycle instruction.

Words: 1

Cycles: 1(2)

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register 'f'

Execute Write to 
destination

Example: HERE      DECFSZ   CNT, 1
          GOTO     LOOP
CONTINUE  

Before Instruction
PC = Address (HERE)

After Instruction
CNT = CNT - 1
If CNT = 0;

PC = Address (CONTINUE)
If CNT ≠ 0;

PC = Address (HERE+1)
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TABLRD Table Read

Example1: TABLRD  1, 1, REG ;

Before Instruction
REG = 0x53
TBLATH = 0xAA
TBLATL = 0x55
TBLPTR = 0xA356
MEMORY(TBLPTR) = 0x1234

After Instruction (table write completion)
REG = 0xAA
TBLATH = 0x12
TBLATL = 0x34
TBLPTR = 0xA357
MEMORY(TBLPTR) = 0x5678

Example2: TABLRD  0, 0, REG ;

Before Instruction
REG = 0x53
TBLATH = 0xAA
TBLATL = 0x55
TBLPTR = 0xA356
MEMORY(TBLPTR) = 0x1234

After Instruction (table write completion)
REG = 0x55
TBLATH = 0x12
TBLATL = 0x34
TBLPTR = 0xA356
MEMORY(TBLPTR) = 0x1234

           

TABLWT  Table Write

Syntax: [ label ] TABLWT t,i,f

Operands: 0 ≤ f ≤ 255
i ∈ [0,1]
t ∈ [0,1]

Operation: If t = 0,
f → TBLATL;

If t = 1,
f → TBLATH;
TBLAT → Prog Mem (TBLPTR);

If i = 1, 
TBLPTR + 1 → TBLPTR   

Status Affected: None

Encoding: 1010 11ti ffff ffff

Description: 1. Load value in ’f’ into 16-bit table
latch (TBLAT)
If t = 0: load into low byte;
If t = 1: load into high byte

2. The contents of TBLAT is written
to the program memory location
pointed to by TBLPTR
If TBLPTR points to external
program memory location, then
the instruction takes two-cycle
If TBLPTR points to an internal
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
If i = 0; TBLPTR is not 

incremented
If i = 1; TBLPTR is incremented

Words: 1

Cycles: 2 (many if write is to on-chip 
EPROM program memory)

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register 'f'

Execute Write
register 

TBLATH or 
TBLATL
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FIGURE 17-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER TIMING   

TABLE 17-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER REQUIREMENTS   

Parameter 
No.

Sym Characteristic Min Typ† Max Units Conditions

30 TmcL MCLR Pulse Width (low) 100 * — — ns

31 Twdt Watchdog Timer Time-out Period 
(Prescale = 1)

5 * 12 25 * ms

32 Tost Oscillation Start-up Timer Period 1024 TOSC § ms TOSC = OSC1 period

33 Tpwrt Power-up Timer Period 40 * 96 200 * ms 

35 TmcL2adI MCLR to System Interface bus 
(AD15:AD0) invalid

— — 100 * ns

* 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.
§ This specification ensured by design.

VDD

MCLR

Internal
POR

PWRT
Time-out

OSC
Time-out

Internal
RESET

Watchdog
Timer

RESET

33

32

30

31

Address /
Data

35
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FIGURE 18-2: TYPICAL RC OSCILLATOR FREQUENCY vs. V
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FIGURE 18-3: TYPICAL RC OSCILLATOR FREQUENCY vs. V
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FIGURE 19-11: MEMORY INTERFACE WRITE TIMING (NOT SUPPORTED IN PIC17LC4X DEVICES)      

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

Parameter 
No. Sym Characteristic Min Typ† Max Units Conditions

150 TadV2alL AD<15:0> (address) valid to ALE↓  
(address setup time)

0.25Tcy - 10 — — ns

151 TalL2adI ALE↓  to address out invalid
(address hold time)

0 — — ns

152 TadV2wrL Data out valid to WR↓
(data setup time)

0.25Tcy - 40 — — ns

153 TwrH2adI WR↑   to data out invalid
(data hold time)

— 0.25TCY § — ns

154 TwrL WR pulse width — 0.25TCY § — ns

* 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.
§ This specification ensured by design.
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21.2 40-Lead Plastic Dual In-line (600 mil)

 

Package Group:  Plastic Dual In-Line (PLA)

Symbol

Millimeters Inches

Min Max Notes Min Max Notes

 

α

 

0

 

°

 

10

 

°

 

0

 

°

 

10

 

°

 

A – 5.080 – 0.200
A1 0.381 – 0.015 –
A2 3.175 4.064 0.125 0.160
B 0.355 0.559 0.014 0.022
B1 1.270 1.778

 

Typical

 

0.050 0.070

 

Typical

 

C 0.203 0.381

 

Typical

 

0.008 0.015

 

Typical

 

D 51.181 52.197 2.015 2.055
D1 48.260 48.260

 

Reference

 

1.900 1.900

 

Reference

 

E 15.240 15.875 0.600 0.625
E1 13.462 13.970 0.530 0.550
e1 2.489 2.591

 

Typical

 

0.098 0.102

 

Typical

 

eA 15.240 15.240

 

Reference

 

0.600 0.600

 

Reference

 

eB 15.240 17.272 0.600 0.680
L 2.921 3.683 0.115 0.145
N 40 40 40 40
S 1.270 – 0.050 –
S1 0.508 – 0.020 –

N

Pin No. 1
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Area

E1 E
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B
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