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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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PIC17C7XX
FIGURE 3-1: PIC17C752/756A BLOCK DIAGRAM         
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PIC17C7XX
7.2 Data Memory Organization

Data memory is partitioned into two areas. The first is
the General Purpose Registers (GPR) area, and the
second is the Special Function Registers (SFR) area.
The SFRs control and provide status of device opera-
tion.

Portions of data memory are banked, this occurs in
both areas. The GPR area is banked to allow greater
than 232 bytes of general purpose RAM. 

Banking requires the use of control bits for bank selec-
tion. These control bits are located in the Bank Select
Register (BSR). If an access is made to the unbanked
region, the BSR bits are ignored. Figure 7-5 shows the
data memory map organization.

Instructions MOVPF and MOVFP provide the means to
move values from the peripheral area (“P”) to any loca-
tion in the register file (“F”), and vice-versa. The defini-
tion of the “P” range is from 0h to 1Fh, while the “F”
range is 0h to FFh. The “P” range has six more loca-
tions than peripheral registers, which can be used as
General Purpose Registers. This can be useful in some
applications where variables need to be copied to other
locations in the general purpose RAM (such as saving
status information during an interrupt).

The entire data memory can be accessed either
directly, or indirectly (through file select registers FSR0
and FSR1) (see Section 7.4). Indirect addressing uses
the appropriate control bits of the BSR for access into
the banked areas of data memory. The BSR is
explained in greater detail in Section 7.8.

7.2.1 GENERAL PURPOSE REGISTER 
(GPR)

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

All the PIC17C7XX devices have banked memory in
the GPR area. To facilitate switching between these
banks, the MOVLR bank instruction has been added to
the instruction set. GPRs are not initialized by a Power-
on Reset and are unchanged on all other RESETS.

7.2.2 SPECIAL FUNCTION REGISTERS 
(SFR)

The SFRs are used by the CPU and peripheral func-
tions to control the operation of the device (Figure 7-5).
These registers are static RAM.

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

The peripheral registers are in the banked portion of
memory, while the core registers are in the unbanked
region. To facilitate switching between the peripheral
banks, the MOVLB bank instruction has been provided.
DS30289C-page 46  1998-2013 Microchip Technology Inc.



PIC17C7XX
FIGURE 8-6: CONSECUTIVE TABLWT WRITE TIMING (EXTERNAL MEMORY)       
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PIC17C7XX
10.9 PORTJ and DDRJ Registers 
(PIC17C76X only)

PORTJ is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is DDRJ. A '1' in DDRJ
configures the corresponding port pin as an input. A '0'
in the DDRJ register configures the corresponding port
pin as an output. Reading PORTJ reads the status of
the pins, whereas writing to PORTJ will write to the
respective port latch. 

PORTJ is a general purpose I/O port.

EXAMPLE 10-9: INITIALIZING PORTJ        

FIGURE 10-19: PORTJ BLOCK DIAGRAM        

MOVLB  8         ; Select Bank 8
CLRF   PORTJ, F  ; Initialize PORTJ data
                 ; latches before setting
                 ; the data direction
                 ; register
MOVLW   0xCF     ; Value used to initialize
                 ; data direction
MOVWF   DDRJ     ; Set RJ<3:0> as inputs
                 ; RJ<5:4> as outputs
                 ; RJ<7:6> as inputs

Note: I/O pins have protection diodes to VDD and VSS.
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PIC17C7XX
12.0 TIMER0

The Timer0 module consists of a 16-bit timer/counter,
TMR0. The high byte is register TMR0H and the low
byte is register TMR0L. A software programmable 8-bit
prescaler makes Timer0 an effective 24-bit overflow
timer. The clock source is software programmable as
either the internal instruction clock, or an external clock
on the RA1/T0CKI pin. The control bits for this module
are in register T0STA (Figure 12-1).

REGISTER 12-1: T0STA REGISTER (ADDRESS: 05h, UNBANKED)                

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0
INTEDG T0SE T0CS T0PS3 T0PS2 T0PS1 T0PS0 —

bit 7 bit 0

bit 7 INTEDG: RA0/INT Pin Interrupt Edge Select bit
This bit selects the edge upon which the interrupt is detected.
1 = Rising edge of RA0/INT pin generates interrupt
0 = Falling edge of RA0/INT pin generates interrupt

bit 6 T0SE: Timer0 Clock Input Edge Select bit
This bit selects the edge upon which TMR0 will increment.

When T0CS = 0 (External Clock):
1 = Rising edge of RA1/T0CKI pin increments TMR0 and/or sets the T0CKIF bit
0 = Falling edge of RA1/T0CKI pin increments TMR0 and/or sets the T0CKIF bit

When T0CS = 1 (Internal Clock):
Don’t care

bit 5 T0CS: Timer0 Clock Source Select bit
This bit selects the clock source for TMR0.
1 = Internal instruction clock cycle (TCY)
0 = External clock input on the T0CKI pin

bit 4-1 T0PS3:T0PS0: Timer0 Prescale Selection bits
These bits select the prescale value for TMR0.      

bit 0 Unimplemented: Read as '0'

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- n = Value at POR Reset ’1’ = Bit is set ’0’ = Bit is cleared x = Bit is unknown

T0PS3:T0PS0 Prescale Value

0000
0001
0010
0011
0100
0101
0110
0111
1xxx

1:1
1:2
1:4
1:8
1:16
1:32
1:64
1:128
1:256
 1998-2013 Microchip Technology Inc. DS30289C-page 97



PIC17C7XX
13.2.3 READING THE CAPTURE 
REGISTERS

The Capture overflow status flag bits are double buff-
ered. The master bit is set if one captured word is
already residing in the Capture register and another
“event” has occurred on the CAPx pin. The new event
will not transfer the TMR3 value to the capture register,
protecting the previous unread capture value. When
the user reads both the high and the low bytes (in any

order) of the Capture register, the master overflow bit is
transferred to the slave overflow bit (CAxOVF) and
then the master bit is reset. The user can then read
TCONx to determine the value of CAxOVF. 

An example of an instruction sequence to read capture
registers and capture overflow flag bits is shown in
Example 13-1. Depending on the capture source, dif-
ferent registers will need to be read. 

EXAMPLE 13-1: SEQUENCE TO READ CAPTURE REGISTERS        

TABLE 13-6: REGISTERS ASSOCIATED WITH CAPTURE        

     MOVLB 3                  ; Select Bank 3 
     MOVPF CA2L, LO_BYTE      ; Read Capture2 low byte, store in LO_BYTE 
     MOVPF CA2H, HI_BYTE      ; Read Capture2 high byte, store in HI_BYTE 
     MOVPF TCON2, STAT_VAL    ; Read TCON2 into file STAT_VAL

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

POR,
BOR

MCLR, WDT

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

16h, Bank 7 TCON3 — CA4OVF CA3OVF CA4ED1 CA4ED0 CA3ED1 CA3ED0 PWM3ON -000 0000 -000 0000

12h, Bank 2 TMR3L Holding Register for the Low Byte of the 16-bit TMR3 Register xxxx xxxx uuuu uuuu

13h, Bank 2 TMR3H Holding Register for the High Byte of the 16-bit TMR3 Register xxxx xxxx uuuu uuuu

16h, Bank 1 PIR1 RBIF TMR3IF TMR2IF TMR1IF CA2IF CA1IF TX1IF RC1IF x000 0010 u000 0010

17h, Bank 1 PIE1 RBIE TMR3IE TMR2IE TMR1IE CA2IE CA1IE TX1IE RC1IE 0000 0000 0000 0000

10h, Bank 4 PIR2 SSPIF BCLIF ADIF — CA4IF CA3IF TX2IF RC2IF 000- 0010 000- 0010

11h, Bank 4 PIE2 SSPIE BCLIE ADIE — CA4IE CA3IE TX2IE RC2IE 000- 0000 000- 0000

07h, Unbanked INTSTA PEIF T0CKIF T0IF INTF PEIE T0CKIE T0IE INTE 0000 0000 0000 0000

06h, Unbanked CPUSTA — — STKAV GLINTD TO PD POR BOR --11 11qq --11 qquu

16h, Bank 2 PR3L/CA1L Timer3 Period Register, Low Byte/Capture1 Register, Low Byte xxxx xxxx uuuu uuuu

17h, Bank 2 PR3H/CA1H Timer3 Period Register, High Byte/Capture1 Register, High Byte 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

12h, Bank 7 CA3L Capture3 Low Byte xxxx xxxx uuuu uuuu

13h, Bank 7 CA3H Capture3 High Byte xxxx xxxx uuuu uuuu

14h, Bank 7 CA4L Capture4 Low Byte xxxx xxxx uuuu uuuu

15h, Bank 7 CA4H Capture4 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 Capture.
 1998-2013 Microchip Technology Inc. DS30289C-page 113



PIC17C7XX
13.2.4 EXTERNAL CLOCK INPUT FOR 
TIMER3

When TMR3CS is set, the 16-bit TMR3 increments on
the falling edge of clock input TCLK3. The input on the
RB5/TCLK3 pin is sampled and synchronized by the
internal phase clocks, twice every instruction cycle.
This causes a delay from the time a falling edge
appears on TCLK3 to the time TMR3 is actually incre-
mented. For the external clock input timing require-
ments, see the Electrical Specification section.
Figure 13-7 shows the timing diagram when operating
from an external clock. 

13.2.5 READING/WRITING TIMER3

Since Timer3 is a 16-bit timer and only 8-bits at a time
can be read or written, care should be taken when
reading or writing while the timer is running. The best
method is to stop the timer, perform any read or write
operation and then restart Timer3 (using the TMR3ON
bit). However, if it is necessary to keep Timer3 free-
running, care must be taken. For writing to the 16-bit
TMR3, Example 13-2 may be used. For reading the 16-
bit TMR3, Example 13-3 may be used. Interrupts must
be disabled during this routine.

EXAMPLE 13-2: WRITING TO TMR3         

EXAMPLE 13-3: READING FROM TMR3         

FIGURE 13-7: TIMER1, TIMER2 AND TIMER3 OPERATION (IN COUNTER MODE)      

     BSF     CPUSTA, GLINTD     ; Disable interrupts 
     MOVFP   RAM_L,  TMR3L      ; 
     MOVFP   RAM_H,  TMR3H      ; 
     BCF     CPUSTA, GLINTD     ; Done, enable interrupts 

     MOVPF   TMR3L, TMPLO      ; read low TMR3 
     MOVPF   TMR3H, TMPHI      ; read high TMR3 
     MOVFP   TMPLO, WREG       ; tmplo  wreg 
     CPFSLT  TMR3L             ; TMR3L < wreg? 
     RETURN                    ; no then return 
     MOVPF   TMR3L, TMPLO      ; read low TMR3 
     MOVPF   TMR3H, TMPHI      ; read high TMR3 
     RETURN                    ; return 

Q1Q2Q3Q4 Q1Q2Q3Q4 Q1Q2Q3Q4 Q1Q2Q3Q4 Q1Q2Q3Q4Q1Q2Q3Q4

Instruction
Executed

MOVWF MOVFP 
TMRx,WTMRx

MOVFP 
TMRx,W

Write to TMRx Read TMRx Read TMRx

34h 35h A8h A9h 00h

'A9h' 'A9h'

TCLK12

TMR1, TMR2, or TMR3 

PR1, PR2, or PR3H:PR3L

WR_TMR

RD_TMR

TMRxIF

Note 1: TCLK12 is sampled in Q2 and Q4. 
2:  indicates a sampling point.
3: The latency from TCLK12  to timer increment is between 2Tosc and 6Tosc.

or TCLK3
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PIC17C7XX
14.3.2 USART SYNCHRONOUS MASTER 
RECEPTION

Once Synchronous mode is selected, reception is
enabled by setting either the SREN (RCSTA<5>) bit or
the CREN (RCSTA<4>) bit. Data is sampled on the RX/
DT pin on the falling edge of the clock. If SREN is set,
then only a single word is received. If CREN is set, the
reception is continuous until CREN is reset. If both bits
are set, then CREN takes precedence. After clocking
the last bit, the received data in the Receive Shift
Register (RSR) is transferred to RCREG (if it is empty).
If the transfer is complete, the interrupt bit RCIF is set.
The actual interrupt can be enabled/disabled by set-
ting/clearing the RCIE bit. RCIF is a read only bit which
is reset by the hardware. In this case, it is reset when
RCREG has been read and is empty. RCREG is a dou-
ble buffered register; i.e., it is a two deep FIFO. It is
possible for two bytes of data to be received and trans-
ferred to the RCREG FIFO and a third byte to begin
shifting into the RSR. On the clocking of the last bit of
the third byte, if RCREG is still full, then the overrun
error bit OERR (RCSTA<1>) is 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. This is done by clearing the CREN
bit. If OERR is set, transfers from RSR to RCREG are
inhibited, so it is essential to clear the OERR bit if it is
set. The 9th receive bit is buffered the same way as the
receive data. Reading the RCREG register will allow
the RX9D and FERR bits to be loaded with values for
the next 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. 

Steps to follow when setting up a Synchronous Master
Reception:

1. Initialize the SPBRG register for the appropriate
baud rate. See Section 14.1 for details.

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN, and CSRC.

3. If interrupts are desired, then set the RCIE bit.

4. If 9-bit reception is desired, then set the RX9 bit.

5. If a single reception is required, set bit SREN.
For continuous reception set bit CREN.

6. The RCIF bit will be set when reception is com-
plete and an interrupt will be generated if the
RCIE bit was set.

7. Read RCSTA to get the ninth bit (if enabled) and
determine if any error occurred during reception.

8. Read the 8-bit received data by reading
RCREG.

9. If any error occurred, clear the error by clearing
CREN.

       

FIGURE 14-10: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)       

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.

CREN bit

DT

CK

Write to the
SREN bit

SREN bit
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Read 
RCREG

Note: Timing diagram demonstrates SYNC Master mode with SREN = 1.
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FIGURE 15-23: REPEATED START CONDITION FLOW CHART (PAGE 1)       

Idle Mode,
SSPEN = 1,

Force SCL = 0

SCL = 0?

Release SDA,
Load BRG with

SCL = 1?
No

Yes

No

Yes

BRG

No

Yes

Release SCL

SSPCON1<3:0> = 1000

Rollover?

SSPADD<6:0> 

Load BRG with
SSPADD<6:0> 

(Clock Arbitration)

A

B

C

SDA = 1?
No

Yes

Start

RSEN = 1

Bus Collision,
Set BCLIF,
Release SDA,
Clear RSEN
 1998-2013 Microchip Technology Inc. DS30289C-page 157



PIC17C7XX
15.2.11 I2C MASTER MODE 
TRANSMISSION

Transmission of a data byte, a 7-bit address, or either
half of a 10-bit address, is accomplished by simply writ-
ing a value to SSPBUF register. This action will set the
buffer full flag (BF) and allow the baud rate generator to
begin counting and start the next transmission. Each bit
of address/data will be shifted out onto the SDA pin
after the falling edge of SCL is asserted (see data hold
time spec). SCL is held low for one baud rate generator
roll over count (TBRG). Data should be valid before SCL
is released high (see Data setup time spec). When the
SCL pin is released high, it is held that way for TBRG,
the data on the SDA pin must remain stable for that
duration and some hold time after the next falling edge
of SCL. After the eighth bit is shifted out (the falling
edge of the eighth clock), the BF flag is cleared and the
master releases SDA, allowing the slave device being
addressed to respond with an ACK bit during the ninth
bit time, if an address match occurs or if data was
received properly. The status of ACK is read into the
ACKDT on the falling edge of the ninth clock. If the
master receives an acknowledge, the acknowledge
status bit (AKSTAT) is cleared. If not, the bit is set. After
the ninth clock, the SSPIF is set and the master clock
(baud rate generator) is suspended until the next data
byte is loaded into the SSPBUF, leaving SCL low and
SDA unchanged (Figure 15-26).

After the write to the SSPBUF, each bit of address will
be shifted out on the falling edge of SCL until all seven
address bits and the R/W bit are completed. On the fall-
ing edge of the eighth clock, the master will de-assert
the SDA pin, allowing the slave to respond with an
acknowledge. On the falling edge of the ninth clock, the
master will sample the SDA pin to see if the address
was recognized by a slave. The status of the ACK bit is
loaded into the ACKSTAT status bit (SSPCON2<6>).
Following the falling edge of the ninth clock transmis-
sion of the address, the SSPIF is set, the BF flag is
cleared and the baud rate generator is turned off until
another write to the SSPBUF takes place, holding SCL
low and allowing SDA to float.

15.2.11.1 BF Status Flag

In Transmit mode, the BF bit (SSPSTAT<0>) is set
when the CPU writes to SSPBUF and is cleared when
all 8 bits are shifted out.

15.2.11.2 WCOL Status Flag

If the user writes the SSPBUF when a transmit is
already in progress (i.e., SSPSR is still shifting out a
data byte), then WCOL is set and the contents of the
buffer are unchanged (the write doesn’t occur). 

WCOL must be cleared in software.

15.2.11.3 AKSTAT Status Flag

In Transmit mode, the AKSTAT bit (SSPCON2<6>) is
cleared when the slave has sent an acknowledge (ACK
= 0) and is set when the slave does not acknowledge
(ACK = 1). A slave sends an acknowledge when it has
recognized its address (including a general call), or
when the slave has properly received its data.
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18.2 Q Cycle Activity

Each instruction cycle (TCY) is comprised of four Q
cycles (Q1-Q4). The Q cycle is the same as the device
oscillator cycle (TOSC). The Q cycles provide the timing/
designation for the Decode, Read, Process Data,
Write, etc., of each instruction cycle. The following dia-
gram shows the relationship of the Q cycles to the
instruction cycle.

The four Q cycles that make up an instruction cycle
(TCY) can be generalized as:

Q1: Instruction Decode Cycle or forced No 
       operation

Q2: Instruction Read Cycle or No operation

Q3: Process the Data

Q4: Instruction Write Cycle or No operation

Each instruction will show the detailed Q cycle opera-
tion for the instruction.

FIGURE 18-2: Q CYCLE ACTIVITY            

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

TCY1 TCY2 TCY3

TOSC
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MOVPF Move p to f

Syntax: [label]    MOVPF   p,f

Operands: 0  f  255
0  p  31

Operation: (p)  (f)

Status Affected: Z

Encoding: 010p pppp ffff ffff

Description: Move data from data memory location 
'p' to data memory location 'f'.  Location 
'f' can be anywhere in the 256 byte data 
space (00h to FFh), while 'p' can be 00h 
to 1Fh.

Either 'p' or 'f' can be WREG (a useful, 
special situation).

MOVPF is particularly useful for transfer-
ring a peripheral register (e.g. the timer 
or an I/O port) to a data memory loca-
tion. Both 'f' and 'p' can be indirectly 
addressed.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register 'p'

Process 
Data

Write
register 'f'

Example: MOVPF   REG1, REG2

Before Instruction
REG1 = 0x11
REG2 = 0x33

After Instruction
REG1 = 0x11
REG2 = 0x11

MOVWF Move WREG to f

Syntax: [ label ]    MOVWF     f

Operands: 0  f  255

Operation: (WREG)  (f)

Status Affected: None

Encoding: 0000 0001 ffff ffff

Description: Move data from WREG to register 'f'. 
Location 'f' can be anywhere in the 256 
byte data space.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register 'f'

Process 
Data

Write
register 'f'

Example: MOVWF REG

Before Instruction
WREG = 0x4F
REG = 0xFF

After Instruction
WREG = 0x4F
REG = 0x4F
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D150 VOD Open Drain High Voltage – – 8.5 V RA2 and RA3 pins only 
pulled up to externally 
applied voltage

Capacitive Loading Specs on 
Output Pins

D100 COSC2 OSC2/CLKOUT pin – – 25 pF In EC or RC osc modes, 
when OSC2 pin is outputtin
CLKOUT.  External clock is
used to drive OSC1.

D101 CIO All I/O pins and OSC2 
(in RC mode)

– – 50 pF

D102 CAD System Interface Bus 
(PORTC, PORTD and PORTE)

– – 50 pF In Microprocessor or 
Extended Microcontroller
mode

Internal Program Memory 
Programming Specs (Note 4)

D110
D111

D112
D113

D114

VPP

VDDP

IPP

IDDP

TPROG

Voltage on MCLR/VPP pin
Supply voltage during 
programming
Current into MCLR/VPP pin
Supply current during 
programming
Programming pulse width

12.75
4.75

–
–

100

–
5.0

25 
–

–

13.25
5.25

50 
30 

1000

V
V

mA
mA

ms

(Note 5)

Terminated via internal/
external interrupt or a 
RESET

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature

-40°C       TA  +125°C for extended
-40°C  TA  +85°C for industrial 
0°C  TA  +70°C for commercial

Operating voltage VDD range as described in Section 20.1

Param.
No.

Sym Characteristic Min Typ† Max Units Conditions

† Data in “Typ” column is at 5V, 25C unless otherwise stated.
Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the 

PIC17CXXX devices be driven with external clock in RC mode.
2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level.  Higher leakage 

current may be measured at different input voltages.
3: Negative current is defined as current sourced by the pin.
4: 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: PIC17C7XX Programming
Specifications (Literature number DS TBD).

5: The MCLR/VPP pin may be kept in this range at times other than programming, but is not recommended.
6: For TTL buffers, the better of the two specifications may be used.

Note 1: When using the Table Write for internal programming, the device temperature must be less than 40°C.
2: For In-Circuit Serial Programming (ICSP), refer to the device programming specification.
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20.4 Timing Diagrams and Specifications

FIGURE 20-6: EXTERNAL CLOCK TIMING      

TABLE 20-1: EXTERNAL CLOCK TIMING REQUIREMENTS        

OSC1

OSC2 †

Q4 Q1 Q2 Q3 Q4 Q1

1 3 3
4

4
2

† In EC and RC modes only.

Param
No.

Sym Characteristic Min Typ† Max Units Conditions

FOSC External CLKIN 
Frequency  (Note 1)

DC
DC
DC

—
—
—

8
16
33

MHz
MHz
MHz

EC osc mode - 08 devices (8 MHz devices)
- 16 devices (16 MHz devices)
- 33 devices (33 MHz devices)

Oscillator Frequency 
(Note 1)

DC
2
2
2

DC

—
—
—
—
—

4
8
16
33
2

MHz
MHz
MHz
MHz
MHz

RC osc mode 
XT osc mode - 08 devices (8 MHz devices)

- 16 devices (16 MHz devices)
- 33 devices (33 MHz devices)

LF osc mode 

1 TOSC External CLKIN Period
(Note 1)

125
62.5
30.3

—
—
—

—
—
—

ns
ns
ns

EC osc mode - 08 devices (8 MHz devices)
- 16 devices (16 MHz devices)
- 33 devices (33 MHz devices)

Oscillator Period
(Note 1)

250
125
62.5
30.3
500

—
—
—
—
—

—
1,000
1,000
1,000

—

ns
ns
ns
ns
ns

RC osc mode 
XT osc mode - 08 devices (8 MHz devices)

- 16 devices (16 MHz devices)
- 33 devices (33 MHz devices)

LF osc mode

2 TCY Instruction Cycle Time 
(Note 1)

121.2 4/FOSC DC ns

3 TosL,
TosH

Clock in (OSC1) 
High or Low Time

10 — — ns EC oscillator

4 TosR,
TosF

Clock in (OSC1) 
Rise or Fall Time

— — 5 ns EC oscillator

† Data in “Typ” column is at 5V, 25°C unless otherwise stated.
Note 1: Instruction cycle period (TCY) equals four times the input oscillator time base period. All specified values are based on 

characterization data for that particular oscillator type under standard operating conditions with the device executing 
code. Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current 
consumption. All devices are tested to operate at “min.” values with an external clock applied to the OSC1/CLKIN pin.
When an external clock input is used, the “max.” cycle time limit is “DC” (no clock) for all devices.
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FIGURE 20-20: USART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING     

TABLE 20-15: USART SYNCHRONOUS RECEIVE REQUIREMENTS     

125

126

TX/CK

RX/DT

pin

pin

Param 
No.

Sym Characteristic Min Typ† Max
Unit

s
Conditions

125 TdtV2ckL SYNC RCV (MASTER & SLAVE)
Data setup before CK (DT setup time) 15 — — ns

126 TckL2dtl Data hold after CK (DT hold time) 15 — — ns

† Data in “Typ” column is at 5V, 25C unless otherwise stated. 
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TABLE 20-18: A/D CONVERTER CHARACTERISTICS    

Param. 
No.

Sym Characteristic Min Typ† Max Units Conditions

A01 NR Resolution — — 10 bit VREF+ = VDD = 5.12V,
VSS  VAIN  VREF+

— — 10 bit (VREF+ — VREF-)  3.0V,
VREF-  VAIN  VREF+

A02 EABS Absolute error — — <  1 LSb VREF+ = VDD = 5.12V,
VSS  VAIN  VREF+

— — <  1 LSb (VREF+ — VREF-)  3.0V,
VREF-  VAIN  VREF+

A03 EIL Integral linearity error — — <  1 LSb VREF+ = VDD = 5.12V,
VSS  VAIN  VREF+

— — <  1 LSb (VREF+ — VREF-)  3.0V,
VREF-  VAIN  VREF+

A04 EDL Differential linearity error — — <  1 LSb VREF+ = VDD = 5.12V,
VSS  VAIN  VREF+

— — <  1 LSb (VREF+ — VREF-)  3.0V,
VREF-  VAIN  VREF+

A05 EFS Full scale error — — <  1 LSb VREF+ = VDD = 5.12V,
VSS  VAIN  VREF+

— — <  1 LSb (VREF+ — VREF-)  3.0V,
VREF-  VAIN  VREF+

A06 EOFF Offset error — — <  1 LSb VREF+ = VDD = 5.12V,
VSS  VAIN  VREF+

— — <  1 LSb (VREF+ — VREF-)  3.0V,
VREF-  VAIN  VREF+

A10 — Monotonicity — guaranteed(3) — — VSS  VAIN  VREF

A20 VREF Reference voltage
(VREF+ — VREF-)

0V — — V VREF delta when changing voltage 
levels on VREF inputs

A20A 3V — — V Absolute minimum electrical spec.
to ensure 10-bit accuracy

A21 VREF+ Reference voltage high AVSS 
+ 3.0V

— AVDD + 
0.3V

V

A22 VREF- Reference voltage low Avss - 
0.3V

— AVDD - 
3.0V

V

A25 VAIN Analog input voltage AVSS - 
0.3V

— Vref + 
0.3V

V

A30 ZAIN Recommended impedance of 
analog voltage source

— — 10.0 k

A40 IAD A/D conversion
current (VDD)

PIC17CXXX — 180 — A Average current consumption when 
A/D is on (Note 1)PIC17LCXXX — 90 — A

A50 IREF VREF input current (Note 2) 10 — 1000 A During VAIN acquisition. 
Based on differential of VHOLD to 
VAIN

— — 10 A During A/D conversion cycle

† Data in “Typ” column is at 5V, 25C unless otherwise stated. 
Note 1: When A/D is off, it will not consume any current other than minor leakage current. The power-down current spec includes 

any such leakage from the A/D module.
2: VREF current is from RG0 and RG1 pins or AVDD and AVSS pins, whichever is selected as reference input.
3: The A/D conversion result never decreases with an increase in the Input Voltage and has no missing codes.
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FIGURE 21-15:      TYPICAL, MINIMUM AND MAXIMUM WDT PERIOD vs. VDD (-40C TO +125C)

FIGURE 21-16: TYPICAL WDT PERIOD vs. VDD OVER TEMPERATURE (-40C TO +125C)
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BTG........................................................................... 206
CALL ......................................................................... 207
CLRF......................................................................... 207
CLRWDT................................................................... 208
COMF ....................................................................... 208
CPFSEQ ................................................................... 209
CPFSGT ................................................................... 209
CPFSLT .................................................................... 210
DAW.......................................................................... 210
DECF ........................................................................ 211
DECFSNZ ................................................................. 212
DECFSZ.................................................................... 211
GOTO ....................................................................... 212
INCF.......................................................................... 213
INCFSNZ .................................................................. 214
INCFSZ ..................................................................... 213
IORLW ...................................................................... 214
IORWF ...................................................................... 215
LCALL ....................................................................... 215
MOVFP ..................................................................... 216
MOVLB ..................................................................... 216
MOVLR ..................................................................... 217
MOVLW .................................................................... 217
MOVPF ..................................................................... 218
MOVWF .................................................................... 218
MULLW ..................................................................... 219
MULWF..................................................................... 219
NEGW....................................................................... 220
NOP .......................................................................... 220
RETFIE ..................................................................... 221
RETLW ..................................................................... 221
RETURN ................................................................... 222
RLCF......................................................................... 222
RLNCF ...................................................................... 223
RRCF ........................................................................ 223
RRNCF ..................................................................... 224
SETF......................................................................... 224
SLEEP ...................................................................... 225
SUBLW ..................................................................... 225
SUBWF ..................................................................... 226
SUBWFB................................................................... 226
SWAPF ..................................................................... 227
TABLRD............................................................ 227, 228
TABLWT ........................................................... 228, 229
TLRD......................................................................... 229
TLWT ........................................................................ 230
TSTFSZ .................................................................... 230
XORLW..................................................................... 231
XORWF..................................................................... 231

Instruction Set Summary................................................... 197
Instructions

TABLRD...................................................................... 64
TLRD........................................................................... 64

INT Pin ................................................................................ 40
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INTEDG......................................................................... 53, 97
Inter-Integrated Circuit (I2C).............................................. 133
Internal Sampling Switch (Rss) Impedence ...................... 183
Interrupt on Change Feature............................................... 74
Interrupt Status Register (INTSTA) ..................................... 34
Interrupts

A/D Interrupt................................................................ 38
Bus Collision Interrupt ................................................. 38
Capture1 Interrupt ....................................................... 37
Capture2 Interrupt ....................................................... 37
Capture3 Interrupt ....................................................... 38

Capture4 Interrupt ...................................................... 38
Context Saving ........................................................... 39
Flag bits

TMR1IE .............................................................. 33
TMR1IF............................................................... 33
TMR2IE .............................................................. 33
TMR2IF............................................................... 33
TMR3IE .............................................................. 33
TMR3IF............................................................... 33

Global Interrupt Disable.............................................. 39
Interrupts .................................................................... 33
Logic ........................................................................... 33
Operation .................................................................... 39
Peripheral Interrupt Enable......................................... 35
Peripheral Interrupt Request....................................... 37
PIE2 Register ............................................................. 36
PIR1 Register ............................................................. 37
PIR2 Register ............................................................. 38
PORTB Interrupt on Change ...................................... 37
PWM......................................................................... 108
RA0/INT...................................................................... 39
Status Register ........................................................... 34
Synchronous Serial Port Interrupt............................... 38
T0CKI Interrupt ........................................................... 39
Timing......................................................................... 40
TMR1 Overflow Interrupt ............................................ 37
TMR2 Overflow Interrupt ............................................ 37
TMR3 Overflow Interrupt ............................................ 37
USART1 Receive Interrupt ......................................... 37
USART1 Transmit Interrupt ........................................ 37
USART2 Receive Interrupt ......................................... 38
Vectors

Peripheral Interrupt............................................. 39
Program Memory Locations ............................... 43
RA0/INT Interrupt ............................................... 39
T0CKI Interrupt ................................................... 39

Vectors/Priorities......................................................... 39
Wake-up from SLEEP............................................... 194
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IRBPU VS. VDD ................................................................... 274
K
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L
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M
Maps

Register File Map........................................................ 47
Memory

External Interface ....................................................... 45
External Memory Waveforms ..................................... 45
Memory Map (Different Modes) .................................. 44
Mode Memory Access ................................................ 44
Organization ............................................................... 43
Program Memory ........................................................ 43
Program Memory Map................................................ 43

Microcontroller .................................................................... 43
Microprocessor ................................................................... 43
Minimizing Current Consumption...................................... 195
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