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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
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,
providing the intelligence and control needed for a wide
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
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

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
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
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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FIGURE 3-2: PIC17CR42/42A/43/R43/44 BLOCK DIAGRAM           
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6.0 MEMORY ORGANIZATION

 

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

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

 

6.1 Program Memory Organization

 

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

6.1.1 PROGRAM MEMORY OPERATION

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

• Microprocessor
• Microcontroller
• Extended Microcontroller
• Protected Microcontroller

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

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

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

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

 

FIGURE 6-1: PROGRAM MEMORY MAP 
AND STACK       
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6.7 Program Counter Module

The Program Counter (PC) is a 16-bit register. PCL, the
low byte of the PC, is mapped in the data memory. PCL
is readable and writable just as is any other register.
PCH is the high byte of the PC and is not directly
addressable. Since PCH is not mapped in data or pro-
gram memory, an 8-bit register PCLATH (PC high latch)
is used as a holding latch for the high byte of the PC.
PCLATH is mapped into data memory. The user can
read or write PCH through PCLATH. 

The 16-bit wide PC is incremented after each instruc-
tion fetch during Q1 unless:

• Modified by GOTO, CALL, LCALL, RETURN, RETLW, 
or RETFIE instruction

• Modified by an interrupt response
• Due to destination write to PCL by an instruction

“Skips” are equivalent to a forced NOP cycle at the
skipped address.   

Figure 6-11 and Figure 6-12 show the operation of the
program counter for various situations.

FIGURE 6-11: PROGRAM COUNTER 
OPERATION

FIGURE 6-12: PROGRAM COUNTER USING 
THE CALL AND GOTO 
INSTRUCTIONS

Internal data bus <8>

PCLATH 8

8

8

PCH PCL

8

15 0

7 5 4 0

12 8 7 0

8 7

Last write
to PCLATH

PCLATH

Opcode

5

3

8

PCH PCL

1315

Using Figure 6-11, the operations of the PC and
PCLATH for different instructions are as follows:

a) LCALL instructions:
An 8-bit destination address is provided in the
instruction (opcode). PCLATH is unchanged.
PCLATH  → PCH 
Opcode<7:0>  → PCL 

b) Read instructions on PCL:    
Any instruction that reads PCL.
PCL → data bus → ALU or destination
PCH → PCLATH

c) Write instructions on PCL:    
Any instruction that writes to PCL.
8-bit data → data bus → PCL
PCLATH → PCH

d) Read-Modify-Write instructions on PCL: 
Any instruction that does a read-write-modify
operation on PCL, such as ADDWF PCL.
Read: PCL → data bus → ALU
Write: 8-bit result → data bus → PCL

PCLATH → PCH
e) RETURN instruction:   

PCH → PCLATH
Stack<MRU> → PC<15:0>

Using Figure 6-12, the operation of the PC and
PCLATH for GOTO and CALL instructions is a follows:

CALL, GOTO instructions:
A 13-bit destination address is provided in the
instruction (opcode).
Opcode<12:0> → PC <12:0>
PC<15:13> → PCLATH<7:5>
Opcode<12:8> → PCLATH <4:0>

The read-modify-write only affects the PCL with the
result. PCH is loaded with the value in the PCLATH.
For example, ADDWF PCL will result in a jump within the
current page. If PC = 03F0h, WREG = 30h and
PCLATH = 03h before instruction, PC = 0320h after the
instruction. To accomplish a true 16-bit computed jump,
the user needs to compute the 16-bit destination
address, write the high byte to PCLATH and then write
the low value to PCL. 

The following PC related operations do not change
PCLATH:

a) LCALL, RETLW, and RETFIE instructions.
b) Interrupt vector is forced onto the PC.
c) Read-modify-write instructions on PCL (e.g. BSF

PCL).



 
PIC17C4X

 

DS30412C-page 54

 



 

 1996 Microchip Technology Inc.

 

FIGURE 9-2: RA2 AND RA3 BLOCK 
DIAGRAM   

Note: I/O pins have protection diodes to VSS.

Data Bus

WR_PORTA
(Q4)

Q D

Q CK

RD_PORTA
(Q2)

 

FIGURE 9-3: RA4 AND RA5 BLOCK 
DIAGRAM   

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

Data Bus

RD_PORTA
(Q2)

Serial port output signals

Serial port input signal

OE = SPEN,SYNC,TXEN, CREN, SREN for RA4

OE = SPEN (SYNC+SYNC,CSRC) for RA5

 

TABLE 9-1: PORTA FUNCTIONS

TABLE 9-2: REGISTERS/BITS ASSOCIATED WITH PORTA  

 

   

 

 

 

Name Bit0 Buffer Type Function

 

RA0/INT bit0 ST Input or external interrupt input.
RA1/T0CKI bit1 ST Input or clock input to the TMR0 timer/counter, and/or an external interrupt input.
RA2 bit2 ST Input/Output. Output is open drain type.
RA3 bit3 ST Input/Output. Output is open drain type.
RA4/RX/DT bit4 ST Input or USART Asynchronous Receive or USART Synchronous Data.
RA5/TX/CK bit5 ST Input or USART Asynchronous Transmit or USART Synchronous Clock.
RBPU bit7 — Control bit for PORTB weak pull-ups.
Legend: ST = Schmitt Trigger input.

 

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)

 

10h, Bank 0 PORTA RBPU — RA5 RA4 RA3 RA2 RA1/T0CKI RA0/INT

 

0-xx xxxx 0-uu uuuu

 

05h, Unbanked T0STA INTEDG T0SE T0CS PS3 PS2 PS1 PS0 —

 

0000 000- 0000 000-

 

13h, Bank 0 RCSTA SPEN RC9 SREN CREN — FERR OERR RC9D

 

0000 -00x 0000 -00u

 

15h, Bank 0 TXSTA CSRC TX9 TXEN SYNC — — TRMT TX9D

 

0000 --1x 0000 --1u

 

Legend:

 

x

 

 = unknown, 

 

u

 

 = unchanged, 

 

-

 

 = unimplemented reads as '0'. Shaded cells are not used by PORTA.
Note 1: Other (non power-up) resets include: external reset through MCLR and the Watchdog Timer Reset.
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9.3 PORTC and DDRC Registers

 

PORTC is an 8-bit bi-directional port. The correspond-
ing data direction register is DDRC. A '1' in DDRC con-
figures the corresponding port pin as an input. A '0' in
the DDRC register configures the corresponding port
pin as an output. Reading PORTC reads the status of
the pins, whereas writing to it will write to the port latch.
PORTC is multiplexed with the system bus. When
operating as the system bus, PORTC is the low order
byte of the address/data bus (AD7:AD0). The timing for
the system bus is shown in the Electrical Characteris-
tics section.      

 

Note:

 

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

Example 9-2 shows the instruction sequence to initial-
ize PORTC. The Bank Select Register (BSR) must be
selected to Bank 1 for the port to be initialized.

 

EXAMPLE 9-2: INITIALIZING PORTC   

 

MOVLB 1 ;  Select Bank 1

CLRF PORTC ;  Initialize PORTC data

; latches before setting

; the data direction

; register

MOVLW 0xCF ;  Value used to initialize

;   data direction

MOVWF DDRC ;  Set RC<3:0> as inputs

; RC<5:4> as outputs

 

;

 

RC<7:6> as inputs

 

FIGURE 9-6: BLOCK DIAGRAM OF RC<7:0> PORT PINS   

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

Fosc/4

RB4/TCLK12

TMR1ON
(TCON2<0>)

TMR1CS
(TCON1<0>)

TMR1

PR1

Reset

Equal

Set TMR1IF
(PIR<4>)

0

1

Comparator<8>Comparator x8

Fosc/4
TMR2ON
(TCON2<1>)

TMR2CS
(TCON1<1>)

TMR2

PR2

Reset

Equal

Set TMR2IF
(PIR<5>)

1

0

Comparator<8>Comparator x8
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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 Timer1 as its
time-base, while PWM2 may be software configured to
use either Timer1 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 PWM1 output. When the PWM1ON bit is
set, the RB2/PWM1 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 PWM2ON (TCON2<5>) bit controls the configura-
tion of the RB3/PWM2 pin.

 

FIGURE 12-5: SIMPLIFIED PWM BLOCK 
DIAGRAM   

PWxDCH

Duty Cycle registers PWxDCL<7:6>

Clear Timer,
PWMx pin and 
Latch D.C.

(Slave)

Comparator

TMR2

Comparator

PRy

(Note 1)

R

S

Q

PWMxON

RCy/PWMx

Note 1: 8-bit timer is concatenated with 2-bit internal Q clock
or 2 bits of the prescaler to create 10-bit time-base.

Read

Write

 

FIGURE 12-6: PWM OUTPUT   

0 10 20 30 40 0

PWM
output

Timer
interrupt

Write new
PWM value

Timer interrupt
new PWM value
transferred to slave

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.
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FIGURE 12-10: TMR1, TMR2, AND TMR3 OPERATION IN TIMER MODE   

TABLE 12-6: SUMMARY OF TMR1, TMR2, AND TMR3 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

12h, Bank 2 TMR3L TMR3 register; low byte xxxx xxxx uuuu uuuu

13h, Bank 2 TMR3H TMR3 register; high byte 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

16h, Bank 2 PR3L/CA1L Timer3 period/capture1 register; low byte xxxx xxxx uuuu uuuu

17h, Bank 2 PR3H/CA1H Timer3 period/capture1 register; high byte 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

14h, Bank 3 CA2L Capture2 low byte xxxx xxxx uuuu uuuu

15h, Bank 3 CA2H Capture2 high byte xxxx xxxx uuuu uuuu

Legend: x = unknown, u = unchanged, - = unimplemented read as '0', q - value depends on condition, 
shaded cells are not used by TMR1, TMR2 or TMR3.

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

Q1Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1Q2 Q3 Q4

AD15:AD0

ALE

Instruction
fetched

TMR1

PR1

TMR1ON

WR_TMR1

WR_TCON2

TMR1IF

RD_TMR1

TMR1
reads 03h

TMR1
reads 04h

MOVWF
TMR1

Write TMR1

MOVF
TMR1, W

Read TMR1

MOVF
TMR1, W

Read TMR1

BSF
TCON2, 0
Stop TMR1

BCF
TCON2, 0

Start TMR1

MOVLB 3 NOP NOP NOP NOP NOP

04h 05h 03h 04h 05h 06h 07h 08h 00h
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TABLE 13-7: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION 

FIGURE 13-9: SYNCHRONOUS TRANSMISSION   

FIGURE 13-10: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)   

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

16h, Bank 0 TXREG TX7 TX6 TX5 TX4 TX3 TX2 TX1 TX0 xxxx xxxx uuuu uuuu

17h, Bank 1 PIE RBIE TMR3IE TMR2IE TMR1IE CA2IE 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 synchronous 
master transmission.

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

Q1 Q2Q3 Q4Q1 Q2Q3 Q4Q1 Q2Q3 Q4Q1 Q2Q3 Q4Q1 Q2Q3 Q4 Q1 Q2Q3 Q4Q1 Q2Q3 Q4Q1 Q2Q3 Q4Q1 Q2Q3 Q4Q1 Q2Q3 Q4Q1 Q2Q3 Q4Q3 Q4

DT

CK

Write to
TXREG

TXIF
Interrupt flag

TRMT

TXEN
'1'

Note: Sync master mode; BRG = 0. Continuous transmission of two 8-bit words.

Write word 1 Write word 2

bit0 bit1 bit2 bit7 bit0

Word 1 Word 2(RA4/RX/DT pin)

(RA5/TX/CK pin)

DT

CK

Write to
TXREG

TXIF bit

TRMT bit

bit0 bit1 bit2 bit6 bit7
(RA4/RX/DT pin)

(RA5/TX/CK pin)
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ADDLW ADD Literal to WREG

Syntax: [ label ]  ADDLW     k

Operands: 0 ≤ k ≤ 255

Operation: (WREG) + k → (WREG)

Status Affected: OV, C, DC, Z

Encoding: 1011 0001 kkkk kkkk

Description: The contents of WREG are added to the 
8-bit literal 'k' and the result is placed in 
WREG.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
literal 'k'

Execute Write to 
WREG

Example: ADDLW 0x15

Before Instruction
WREG = 0x10

After Instruction
WREG = 0x25

         

ADDWF ADD WREG to f

Syntax: [ label ] ADDWF     f,d

Operands: 0 ≤ f ≤ 255
d ∈ [0,1]

Operation: (WREG) + (f) → (dest)

Status Affected: OV, C, DC, Z

Encoding: 0000 111d ffff ffff

Description: Add WREG to 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: ADDWF REG, 0

Before Instruction
WREG = 0x17
REG = 0xC2

After Instruction
WREG = 0xD9
REG = 0xC2
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XORLW
Exclusive OR Literal with 
WREG

Syntax: [ label ] XORLW   k

Operands: 0 ≤ k ≤ 255

Operation: (WREG) .XOR. k → (WREG)

Status Affected: Z

Encoding: 1011 0100 kkkk kkkk

Description: The contents of WREG are XOR’ed 
with the 8-bit literal 'k'. The result is 
placed in WREG.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
literal 'k'

Execute Write to 
WREG

Example: XORLW 0xAF

Before Instruction
WREG = 0xB5

After Instruction
WREG = 0x1A

            

XORWF Exclusive OR WREG with f

Syntax: [ label ] XORWF    f,d

Operands: 0 ≤ f ≤ 255
d ∈  [0,1]

Operation: (WREG) .XOR. (f) → (dest)

Status Affected: Z

Encoding: 0000 110d ffff ffff

Description: Exclusive OR the contents of WREG 
with register 'f'. If 'd' is 0 the result is 
stored in WREG. If 'd' is 1 the result is 
stored back in the register 'f'.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register 'f'

Execute Write to 
destination

Example: XORWF   REG, 1

Before Instruction
REG = 0xAF
WREG = 0xB5

After Instruction
REG = 0x1A
WREG = 0xB5
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16.0 DEVELOPMENT SUPPORT

 

16.1 Development Tools

 

The PIC16/17 microcontrollers are supported with a full
range of hardware and software development tools:

• PICMASTER/PICMASTER CE

 

 

 

Real-Time 
In-Circuit Emulator

• ICEPIC Low-Cost PIC16C5X and PIC16CXXX 
In-Circuit Emulator

• PRO MATE

 



 

 II Universal Programmer
• PICSTART

 



 

 Plus Entry-Level Prototype 
Programmer

• PICDEM-1 Low-Cost Demonstration Board
• PICDEM-2 Low-Cost Demonstration Board
• PICDEM-3 Low-Cost Demonstration Board
• MPASM Assembler
• MPLAB-SIM Software Simulator
• MPLAB-C (C Compiler)
• Fuzzy logic development system (fuzzyTECH

 



 

−

 

MP) 

 

16.2 PICMASTER: High Performance 
Universal In-Circuit Emulator with 
MPLAB IDE

 

The PICMASTER Universal In-Circuit Emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for all
microcontrollers in the PIC12C5XX, PIC14000,
PIC16C5X, PIC16CXXX and PIC17CXX families.
PICMASTER is supplied with the MPLAB

 



 

 Integrated
Development Environment (IDE), which allows editing,
“make” and download, and source debugging from a
single environment.

Interchangeable target probes allow the system to be
easily reconfigured for emulation of different proces-
sors. The universal architecture of the PICMASTER
allows expansion to support all new Microchip micro-
controllers.

The PICMASTER Emulator System has been
designed as a real-time emulation system with
advanced features that are generally found on more
expensive development tools. The PC compatible 386
(and higher) machine platform and Microsoft Windows

 



 

3.x environment were chosen to best make these fea-
tures available to you, the end user.

A CE compliant version of PICMASTER is available for
European Union (EU) countries.

 

16.3 ICEPIC: Low-cost PIC16CXXX
In-Circuit Emulator

 

ICEPIC is a low-cost in-circuit emulator solution for the
Microchip PIC16C5X and PIC16CXXX families of 8-bit
OTP microcontrollers. 

ICEPIC is designed to operate on PC-compatible
machines ranging from 286-AT

 



 

 through Pentium

 



 

based machines under Windows 3.x environment.
ICEPIC features real time, non-intrusive emulation.

 

16.4 PRO MATE II: Universal Programmer

 

The PRO MATE II Universal Programmer is a full-fea-
tured programmer capable of operating in stand-alone
mode as well as PC-hosted mode. 

The PRO MATE II has programmable V

 

DD

 

 and V

 

PP

 

supplies which allows it to verify programmed memory
at V

 

DD

 

 min and V

 

DD

 

 max for maximum reliability. It has
an LCD display for displaying error messages, keys to
enter commands and a modular detachable socket
assembly to support various package types. In stand-
alone mode the PRO MATE II can read, verify or pro-
gram PIC16C5X, PIC16CXXX, PIC17CXX and
PIC14000 devices. It can also set configuration and
code-protect bits in this mode. 

 

16.5 PICSTART Plus Entry Level 
Development System

 

The PICSTART programmer is an easy-to-use, low-
cost prototype programmer. It connects to the PC via
one of the COM (RS-232) ports. MPLAB Integrated
Development Environment software makes using the
programmer simple and efficient. PICSTART Plus is
not recommended for production programming.

PICSTART Plus supports all PIC12C5XX, PIC14000,
PIC16C5X, PIC16CXXX and PIC17CXX devices with
up to 40 pins. Larger pin count devices such as the
PIC16C923 and PIC16C924 may be supported with an
adapter socket.
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Applicable Devices

 

42 R42 42A 43 R43 44

 

FIGURE 18-9: TYPICAL I

 

PD

 

 vs. V

 

DD

 

 WATCHDOG DISABLED 25

 

°

 

C   

FIGURE 18-10: MAXIMUM I

 

PD

 

 vs. V

 

DD

 

 WATCHDOG DISABLED   
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Applicable Devices 42 R42 42A 43 R43 44

FIGURE 19-7: CAPTURE TIMINGS     

TABLE 19-7: CAPTURE REQUIREMENTS       

FIGURE 19-8: PWM TIMINGS    

TABLE 19-8: PWM REQUIREMENTS    

Parameter 
No. Sym Characteristic Min Typ† Max Units Conditions

50 TccL Capture1 and Capture2 input low time 10 * — — ns

51 TccH Capture1 and Capture2 input high time 10 * — — ns

52 TccP Capture1 and Capture2 input period 2TCY §
N

— — ns N = prescale value 
(4 or 16)

* 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.

Parameter 
No. Sym Characteristic Min Typ† Max Units Conditions

53 TccR PWM1 and PWM2 output rise time — 10 * 35 *§ ns

54 TccF PWM1 and PWM2 output fall time — 10 * 35 *§ 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.

CAP1
and CAP2

(Capture Mode)

50 51

52

PWM1
and PWM2

(PWM Mode)
53 54
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20.0 PIC17CR42/42A/43/R43/44 DC AND AC CHARACTERISTICS

 

The graphs and tables provided in this section are for design guidance and are not tested nor guaranteed. In some
graphs or tables the data presented is outside specified operating range (e.g. outside specified V

 

DD

 

 range). This is for
information only and devices are ensured to operate properly only within the specified range.

The data presented in this section is a statistical summary of data collected on units from different lots over a period of
time.  "Typical" represents the mean of the distribution while "max" or "min" represents (mean + 3

 

σ

 

) and (mean - 3

 

σ

 

)
respectively where 

 

σ

 

 is standard deviation.

 

TABLE 20-1: PIN CAPACITANCE PER PACKAGE TYPE   

FIGURE 20-1: TYPICAL RC OSCILLATOR FREQUENCY vs. TEMPERATURE   

 

Pin Name
Typical Capacitance (pF)

40-pin DIP 44-pin PLCC 44-pin MQFP 44-pin TQFP

 

All pins, except MCLR, 
V

 

DD

 

, and V

 

SS

 

10 10 10 10

MCLR pin 20 20 20 20

FOSC

FOSC (25°C)

1.10

1.08

1.06

1.04

1.02

1.00

0.98

0.96

0.94

0.92

0.90

0 10 20 25 30 40 50 60 70

T(°C)

Frequency normalized to +25°C

VDD = 5.5V

VDD = 3.5V

Rext ≥ 10 kΩ
Cext = 100 pF
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Applicable Devices
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FIGURE 20-4: TYPICAL RC OSCILLATOR FREQUENCY vs. V

 

DD

 

   

TABLE 20-2: RC OSCILLATOR FREQUENCIES   

 

Cext Rext
Average

Fosc @ 5V, 25

 

°

 

C

 

22 pF 10k 3.33 MHz

 

±

 

 12%
100k 353 kHz

 

±

 

 13%
100 pF 3.3k 3.54 MHz

 

±

 

 10%
5.1k 2.43 MHz

 

±

 

 14%
10k 1.30 MHz

 

±

 

 17%
100k 129 kHz

 

±

 

 10%
300 pF 3.3k 1.54 MHz

 

±

 

 14%
5.1k 980 kHz

 

±

 

 12%
10k 564 kHz

 

±

 

 16%
160k 35 kHz

 

±

 

 18%
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FIGURE 20-5: TRANSCONDUCTANCE (gm) OF LF OSCILLATOR vs. V

 

DD

 

 

FIGURE 20-6: TRANSCONDUCTANCE (gm) OF XT OSCILLATOR vs. V

 

DD
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E.4 PIC16C6X Family of Devices

P
IC

16
C

62
20

2K
—

12
8

T
M

R
0,

 
T

M
R

1,
 T

M
R

2
1

S
P

I/I
2 C

—
7

22
3.

0-
6.

0
Y

es
—

28
-p

in
 S

D
IP

, S
O

IC
, S

S
O

P

P
IC

16
C

62
A

(1
)

20
2K

—
12

8
T

M
R

0,
 

T
M

R
1,

 T
M

R
2

1
S

P
I/I

2 C
—

7
22

2.
5-

6.
0

Y
es

Y
es

28
-p

in
 S

D
IP

, S
O

IC
, S

S
O

P

P
IC

16
C

R
62

(1
)

20
—

2K
12

8
T

M
R

0,
 

T
M

R
1,

 T
M

R
2

1
S

P
I/I

2 C
—

7
22

2.
5-

6.
0

Y
es

Y
es

28
-p

in
 S

D
IP

, S
O

IC
, S

S
O

P

P
IC

16
C

63
20

4K
—

19
2

T
M

R
0,

 
T

M
R

1,
 T

M
R

2
2

S
P

I/I
2 C

,
U

S
A

R
T

—
10

22
2.

5-
6.

0
Y

es
Y

es
28

-p
in

 S
D

IP
, S

O
IC

P
IC

16
C

R
63

(1
)

20
—

4K
19

2
T

M
R

0,
 

T
M

R
1,

 T
M

R
2

2
S

P
I/I

2 C
,

U
S

A
R

T
—

10
22

2.
5-

6.
0

Y
es

Y
es

28
-p

in
 S

D
IP

, S
O

IC

P
IC

16
C

64
20

2K
—

12
8

T
M

R
0,

 
T

M
R

1,
 T

M
R

2
1

S
P

I/I
2 C

Y
es

8
33

3.
0-

6.
0

Y
es

—
40

-p
in

 D
IP

; 
44

-p
in

 P
LC

C
, M

Q
F

P

P
IC

16
C

64
A

(1
)

20
2K

—
12

8
T

M
R

0,
 

T
M

R
1,

 T
M

R
2

1
S

P
I/I

2 C
Y

es
8

33
2.

5-
6.

0
Y

es
Y

es
40

-p
in

 D
IP

; 
44

-p
in

 P
LC

C
, M

Q
F

P
, T

Q
F

P

P
IC

16
C

R
64

(1
)

20
—

2K
12

8
T

M
R

0,
 

T
M

R
1,

 T
M

R
2

1
S

P
I/I

2 C
Y

es
8

33
2.

5-
6.

0
Y

es
Y

es
40

-p
in

 D
IP

; 
44

-p
in

 P
LC

C
, M

Q
F

P
, T

Q
F

P

P
IC

16
C

65
20

4K
—

19
2

T
M

R
0,

 
T

M
R

1,
 T

M
R

2
2

S
P

I/I
2 C

,
U

S
A

R
T

Y
es

11
33

3.
0-

6.
0

Y
es

—
40

-p
in

 D
IP

; 
44

-p
in

 P
LC

C
, M

Q
F

P

P
IC

16
C

65
A

(1
)

20
4K

—
19

2
T

M
R

0,
 

T
M

R
1,

 T
M

R
2

2
S

P
I/I

2 C
,

U
S

A
R

T
Y

es
11

33
2.

5-
6.

0
Y

es
Y

es
40

-p
in

 D
IP

; 
44

-p
in

 P
LC

C
, M

Q
F

P
, T

Q
F

P

P
IC

16
C

R
65

(1
)

20
—

4K
19

2
T

M
R

0,
 

T
M

R
1,

 T
M

R
2

2
S

P
I/I

2 C
,

U
S

A
R

T
Y

es
11

33
2.

5-
6.

0
Y

es
Y

es
40

-p
in

 D
IP

; 
44

-p
in

 P
LC

C
, M

Q
F

P
, T

Q
F

P

A
ll 

P
IC

16
/1

7 
fa

m
ily

 d
ev

ic
es

 h
av

e 
P

ow
er

-o
n 

R
es

et
, s

el
ec

ta
bl

e 
W

at
ch

do
g 

T
im

er
, s

el
ec

ta
bl

e 
co

de
 p

ro
te

ct
, a

nd
 h

ig
h 

I/O
 c

ur
re

nt
 c

ap
ab

ili
ty

.
A

ll 
P

IC
16

C
6X

 fa
m

ily
 d

ev
ic

es
 u

se
 s

er
ia

l p
ro

gr
am

m
in

g 
w

ith
 c

lo
ck

 p
in

 R
B

6 
an

d 
da

ta
 p

in
 R

B
7.

N
ot

e
1:

P
le

as
e 

co
nt

ac
t y

ou
r 

lo
ca

l s
al

es
 o

ffi
ce

 fo
r 

av
ai

la
bi

lit
y 

of
 th

es
e 

de
vi

ce
s.

M
ax

im
um

 F
re

qu
en

cy
 o

f O
pe

ra
tio

n 
(M

Hz)

EPROM

Dat
a 

M
em

or
y (

by
te

s)

Tim
er

 M
od

ule
(s

)

Cap
tu

re
/C

om
pa

re
/P

W
M

 M
od

ule
(s

)

Ser
ial

 P
or

t(s
) (

SPI/I2
C, U

SART)

Par
all

el 
Slav

e 
Por

t

In
te

rru
pt

 S
ou

rc
es

I/O
 P

ins

Volt
ag

e 
Ran

ge
 (V

olt
s) Bro

wn-
ou

t R
es

et Pac
ka

ge
s

Pro
gr

am
 M

em
or

y

C
lo

ck
M

em
or

y
P

er
ip

he
ra

ls
F

ea
tu

re
s

ROM
In

-C
irc

uit
 S

er
ial

 P
ro

gr
am

m
ing

(x
14

 w
or

ds
)



 
PIC17C4X

 

DS30412C-page 238

 



 

 1996 Microchip Technology Inc.

 

NOTES:


