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PIC16C5X

Devices Included in this Data Sheet:

• PIC16C54

• PIC16CR54

• PIC16C55

• PIC16C56

• PIC16CR56

• PIC16C57

• PIC16CR57

• PIC16C58

• PIC16CR58

High-Performance RISC CPU:

• Only 33 single word instructions to learn

• All instructions are single cycle except for pro-

gram branches which are two-cycle

• Operating speed: DC - 40  MHz clock input

DC - 100 ns instruction cycle 

• 12-bit wide instructions

• 8-bit wide data path

• Seven or eight special function hardware registers

• Two-level deep hardware stack

• Direct, indirect and relative addressing modes for 

data and instructions

Peripheral Features:

• 8-bit real time clock/counter (TMR0) with 8-bit 

programmable prescaler

• Power-on Reset (POR)

• Device Reset Timer (DRT)

• Watchdog Timer (WDT) with its own on-chip

RC oscillator for reliable operation

• Programmable Code Protection

• Power saving SLEEP mode

• Selectable oscillator options:

- RC: Low cost RC oscillator

- XT: Standard crystal/resonator

- HS: High speed crystal/resonator

- LP: Power saving, low frequency crystal

CMOS Technology:

• Low power, high speed CMOS EPROM/ROM tech-

nology

• Fully static design

• Wide operating voltage and temperature range:

- EPROM Commercial/Industrial 2.0V to 6.25V

- ROM Commercial/Industrial 2.0V to 6.25V

- EPROM Extended 2.5V to 6.0V

- ROM Extended 2.5V to 6.0V

• Low power consumption

- < 2 mA typical @ 5V, 4 MHz

- 15 A typical @ 3V, 32 kHz

- < 0.6 A typical standby current

(with WDT disabled) @ 3V, 0C to 70C

Note: PIC16C5X refers to all revisions of the part

(i.e., PIC16C54 refers to PIC16C54,

PIC16C54A, and PIC16C54C), unless

specifically called out otherwise.

Device Pins I/O
EPROM/

ROM
RAM

PIC16C54 18 12 512 25

PIC16C54A 18 12 512 25

PIC16C54C 18 12 512 25

PIC16CR54A 18 12 512 25

PIC16CR54C 18 12 512 25

PIC16C55 28 20 512 24

PIC16C55A 28 20 512 24

PIC16C56 18 12 1K 25

PIC16C56A 18 12 1K 25

PIC16CR56A 18 12 1K 25

PIC16C57 28 20 2K 72

PIC16C57C 28 20 2K 72

PIC16CR57C 28 20 2K 72

PIC16C58B 18 12 2K 73

PIC16CR58B 18 12 2K 73

Note: In this document, figure and table titles

refer to all varieties of the part number indi-

cated, (i.e., The title “Figure 15-1: Load

Conditions For Device Timing Specifica-

tions - PIC16C54A”, also refers to

PIC16LC54A and PIC16LV54A parts),

unless specifically called out otherwise. 

EPROM/ROM-Based 8-bit CMOS Microcontroller Series



PIC16C5X

DS30453E-page 2 Preliminary  1997-2013 Microchip Technology Inc.

Pin Diagrams

Device Differences

Note 1: If you change from this device to another device, please verify oscillator characteristics in your application.

Device
Voltage

 Range

Oscillator

Selection

(Program)

Oscillator

Process

Technology

(Microns)

ROM

Equivalent

MCLR

Filter

PIC16C54 2.5-6.25 Factory See Note 1 1.2 PIC16CR54A No

PIC16C54A 2.0-6.25 User See Note 1 0.9 — No

PIC16C54C 2.5-5.5 User See Note 1 0.7 PIC16CR54C Yes

PIC16C55 2.5-6.25 Factory See Note 1 1.7 — No

PIC16C55A 2.5-5.5 User See Note 1 0.7 — Yes

PIC16C56 2.5-6.25 Factory See Note 1 1.7 — No

PIC16C56A 2.5-5.5 User See Note 1 0.7 PIC16CR56A Yes

PIC16C57 2.5-6.25 Factory See Note 1 1.2 — No

PIC16C57C 2.5-5.5 User See Note 1 0.7 PIC16CR57C Yes

PIC16C58B 2.5-5.5 User See Note 1 0.7 PIC16CR58B Yes

PIC16CR54A 2.5-6.25 Factory See Note 1 1.2 N/A Yes

PIC16CR54C 2.5-5.5 Factory See Note 1 0.7 N/A Yes

PIC16CR56A 2.5-5.5 Factory See Note 1 0.7 N/A Yes

PIC16CR57C 2.5-5.5 Factory See Note 1 0.7 N/A Yes

PIC16CR58B 2.5-5.5 Factory See Note 1 0.7 N/A Yes
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Note: The table shown above shows the generic names of the PIC16C5X devices. For device varieties, please

refer to Section 2.0.
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• Microchip’s Worldwide Web site; http://www.microchip.com
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• The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277
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Register on our web site at www.microchip.com/cn to receive the most current information on all of our products.



PIC16C5X

DS30453E-page 4 Preliminary  1997-2013 Microchip Technology Inc.

NOTES:



 1997-2013 Microchip Technology Inc. Preliminary DS30453E-page 5

PIC16C5X

1.0 GENERAL DESCRIPTION

The PIC16C5X from Microchip Technology is a family

of low cost, high performance, 8-bit fully static,

EPROM/ROM-based CMOS microcontrollers. It

employs a RISC architecture with only 33 single word/

single cycle instructions. All instructions are single

cycle except for program branches which take two

cycles. The PIC16C5X delivers performance in an

order of magnitude higher than its competitors in the

same price category. The 12-bit wide instructions are

highly symmetrical resulting in 2:1 code compression

over other 8-bit microcontrollers in its class. The easy

to use and easy to remember instruction set reduces

development time significantly.

The PIC16C5X products are equipped with special fea-

tures that reduce system cost and power requirements.

The Power-on Reset (POR) and Device Reset Timer

(DRT) eliminate the need for external RESET circuitry.

There are four oscillator configurations to choose from,

including the power saving LP (Low Power) oscillator

and cost saving RC oscillator. Power saving SLEEP

mode, Watchdog Timer and Code Protection features

improve system cost, power and reliability.

The UV erasable CERDIP packaged versions are ideal

for code development, while the cost effective One

Time Programmable (OTP) versions are suitable for

production in any volume. The customer can take full

advantage of Microchip’s price leadership in OTP

microcontrollers, while benefiting from the OTP’s

flexibility.

The PIC16C5X products are supported by a full fea-

tured macro assembler, a software simulator, an in-cir-

cuit emulator, a low cost development programmer and

a full featured programmer. All the tools are supported

on IBM PC and compatible machines.

1.1 Applications

The PIC16C5X series fits perfectly in applications rang-

ing from high speed automotive and appliance motor

control to low power remote transmitters/receivers,

pointing devices and telecom processors. The EPROM

technology makes customizing application programs

(transmitter codes, motor speeds, receiver frequen-

cies, etc.) extremely fast and convenient. The small

footprint packages, for through hole or surface mount-

ing, make this microcontroller series perfect for applica-

tions with space limitations. Low cost, low power, high

performance ease of use and I/O flexibility make the

PIC16C5X series very versatile even in areas where no

microcontroller use has been considered before (e.g.,

timer functions, replacement of “glue” logic in larger

systems, co-processor applications).

8-Bit EPROM/ROM-Based CMOS Microcontrollers
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TABLE 1-1: PIC16C5X FAMILY OF DEVICES

Features PIC16C54 PIC16CR54 PIC16C55 PIC16C56 PIC16CR56

Maximum Operation Frequency 40 MHz 20 MHz 40 MHz 40 MHz 20 MHz

EPROM Program Memory (x12 words) 512 — 512 1K —

ROM Program Memory (x12 words) — 512 — — 1K

RAM Data Memory (bytes) 25 25 24 25 25

Timer Module(s) TMR0 TMR0 TMR0 TMR0 TMR0

I/O Pins 12 12 20 12 12

Number of Instructions 33 33 33 33 33

Packages 18-pin DIP,

SOIC; 

20-pin SSOP

18-pin DIP,

SOIC; 

20-pin SSOP

28-pin DIP, 

SOIC; 

28-pin SSOP

18-pin DIP, 

SOIC; 

20-pin SSOP

18-pin DIP, 

SOIC; 

20-pin SSOP

All PIC® Family devices have Power-on Reset, selectable Watchdog Timer, selectable Code Protect and high 

I/O current capability.

Features PIC16C57 PIC16CR57 PIC16C58 PIC16CR58

Maximum Operation Frequency 40 MHz 20 MHz 40 MHz 20 MHz

EPROM Program Memory (x12 words) 2K — 2K —

ROM Program Memory (x12 words) — 2K — 2K

RAM Data Memory (bytes) 72 72 73 73

Timer Module(s) TMR0 TMR0 TMR0 TMR0

I/O Pins 20 20 12 12

Number of Instructions 33 33 33 33

Packages 28-pin DIP, SOIC; 

28-pin SSOP

28-pin DIP, SOIC; 

28-pin SSOP

18-pin DIP, SOIC; 

20-pin SSOP

18-pin DIP, SOIC; 

20-pin SSOP

All PIC® Family devices have Power-on Reset, selectable Watchdog Timer, selectable Code Protect and high 

I/O current capability.
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2.0 PIC16C5X DEVICE VARIETIES

A variety of frequency ranges and packaging options

are available. Depending on application and production

requirements, the proper device option can be selected

using the information in this section. When placing

orders, please use the PIC16C5X Product Identifica-

tion System at the back of this data sheet to specify the

correct part number.

For the PIC16C5X family of devices, there are four

device types, as indicated in the device number:

1. C, as in PIC16C54C. These devices have

EPROM program memory and operate over the

standard voltage range.

2. LC, as in PIC16LC54A. These devices have 

EPROM program memory and operate over an

extended voltage range.

3. CR, as in PIC16CR54A. These devices have

ROM program memory and operate over the

standard voltage range.

4. LCR, as in PIC16LCR54A. These devices have

ROM program memory and operate over an

extended voltage range.

2.1 UV Erasable Devices (EPROM)

The UV erasable versions offered in CERDIP pack-

ages, are optimal for prototype development and pilot

programs. 

UV erasable devices can be programmed for any of the

four oscillator configurations. Microchip's 

PICSTART Plus(1) and PRO MATE programmers

both support programming of the PIC16C5X. Third

party programmers also are available. Refer to the

Third Party Guide (DS00104) for a list of sources.

2.2 One-Time-Programmable (OTP) 
Devices

The availability of OTP devices is especially useful for

customers expecting frequent code changes and

updates, or small volume applications. 

The OTP devices, packaged in plastic packages, per-

mit the user to program them once. In addition to the

program memory, the configuration bits must be pro-

grammed.

2.3 Quick-Turnaround-Production 
(QTP) Devices

Microchip offers a QTP Programming Service for fac-

tory production orders. This service is made available

for users who choose not to program a medium to high

quantity of units and whose code patterns have stabi-

lized. The devices are identical to the OTP devices but

with all EPROM locations and configuration bit options

already programmed by the factory. Certain code and

prototype verification procedures apply before produc-

tion shipments are available. Please contact your

Microchip Technology sales office for more details.

2.4 Serialized Quick-Turnaround-
Production (SQTPSM) Devices

Microchip offers the unique programming service

where a few user defined locations in each device are

programmed with different serial numbers. The serial

numbers may be random, pseudo-random or sequen-

tial. The devices are identical to the OTP devices but

with all EPROM locations and configuration bit options

already programmed by the factory.

Serial programming allows each device to have a

unique number which can serve as an entry code,

password or ID number.

2.5 Read Only Memory (ROM) Devices

Microchip offers masked ROM versions of several of

the highest volume parts, giving the customer a low

cost option for high volume, mature products.

Note 1: PIC16LC54C and PIC16C54A devices

require OSC2 not to be connected while

programming with PICSTART® Plus 

programmer.
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3.0 ARCHITECTURAL OVERVIEW  

The high performance of the PIC16C5X family can be

attributed to a number of architectural features com-

monly found in RISC microprocessors. To begin with,

the PIC16C5X uses a Harvard architecture in which

program and data are accessed on separate buses.

This improves bandwidth over traditional von Neumann

architecture where program and data are fetched on

the same bus. Separating program and data memory

further allows instructions to be sized differently than

the 8-bit wide data word. Instruction opcodes are 12

bits wide making it possible to have all single word

instructions. A 12-bit wide program memory access

bus fetches a 12-bit instruction in a single cycle. A two-

stage pipeline overlaps fetch and execution of instruc-

tions. Consequently, all instructions (33) execute in a

single cycle except for program branches. 

The PIC16C54/CR54 and PIC16C55 address 512 x 12

of program memory, the PIC16C56/CR56 address

1K x 12 of program memory, and the PIC16C57/CR57

and PIC16C58/CR58 address 2K x 12 of program

memory. All program memory is internal.

The PIC16C5X can directly or indirectly address its

register files and data memory. All special function reg-

isters including the program counter are mapped in the

data memory. The PIC16C5X has a highly orthogonal

(symmetrical) instruction set that makes it possible to

carry out any operation on any register using any

addressing mode. This symmetrical nature and lack of

‘special optimal situations’ make programming with the

PIC16C5X simple yet efficient. In addition, the learning

curve is reduced significantly.

The PIC16C5X device contains an 8-bit ALU and work-

ing register. The ALU is a general purpose arithmetic

unit. It performs arithmetic and Boolean functions

between data in the working register and any register

file.

The ALU is 8 bits wide and capable of addition, subtrac-

tion, shift and logical operations. Unless otherwise

mentioned, arithmetic operations are two's comple-

ment in nature. In two-operand instructions, typically

one operand is the W (working) register. The other

operand is either a file register or an immediate con-

stant. In single operand instructions, the operand is

either the W register or a file register.

The W register is an 8-bit working register used for ALU

operations. It is not an addressable register.

Depending on the instruction executed, the ALU may

affect the values of the Carry (C), Digit Carry (DC), and

Zero (Z) bits in the STATUS register. The C and DC bits

operate as a borrow and digit borrow out bit, respec-

tively, in subtraction. See the SUBWF and ADDWF

instructions for examples.

A simplified block diagram is shown in Figure 3-1, with

the corresponding device pins described in Table 3-1

(for PIC16C54/56/58) and Table 3-2 (for PIC16C55/

57).
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FIGURE 3-1: PIC16C5X SERIES BLOCK DIAGRAM 
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TABLE 3-1: PINOUT DESCRIPTION - PIC16C54, PIC16CR54, PIC16C56, PIC16CR56, PIC16C58, 
PIC16CR58   

Pin Name
Pin Number Pin Buffer 

Description
DIP SOIC SSOP Type Type

RA0 

RA1

RA2

RA3

17

18

1

2

17

18

1

2

19

20

1

2

I/O

I/O

I/O

I/O

TTL

TTL

TTL

TTL

Bi-directional I/O port

RB0

RB1

RB2

RB3

RB4

RB5

RB6

RB7

6

7

8

9

10

11

12

13

6

7

8

9

10

11

12

13

7

8

9

10

11

12

13

14

I/O

I/O

I/O

I/O

I/O

I/O

I/O

I/O

TTL

TTL

TTL

TTL

TTL

TTL

TTL

TTL

Bi-directional I/O port

T0CKI 3 3 3 I ST Clock input to Timer0. Must be tied to VSS or VDD, if not in 

use, to reduce current consumption.

MCLR/VPP 4 4 4 I ST Master clear (RESET) input/programming voltage input. 

This pin is an active low RESET to the device. Voltage on 

the MCLR/VPP pin must not exceed VDD to avoid unin-

tended entering of Programming mode.

OSC1/CLKIN 16 16 18 I ST Oscillator crystal input/external clock source input.

OSC2/CLKOUT 15 15 17 O — Oscillator crystal output. Connects to crystal or resonator 

in crystal Oscillator mode. In RC mode, OSC2 pin outputs 

CLKOUT, which has 1/4 the frequency of OSC1 and 

denotes the instruction cycle rate.

VDD 14 14 15,16 P — Positive supply for logic and I/O pins.

VSS 5 5 5,6 P — Ground reference for logic and I/O pins.

Legend: I = input, O = output, I/O = input/output, P = power, — = Not Used, TTL = TTL input, ST = Schmitt Trigger 

input
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TABLE 3-2: PINOUT DESCRIPTION - PIC16C55, PIC16C57, PIC16CR57 

Pin Name
Pin Number Pin

Type

Buffer

 Type
Description

DIP SOIC SSOP

RA0 

RA1

RA2

RA3

6

7

8

9

6

7

8

9

5

6

7

8

I/O

I/O

I/O

I/O

TTL

TTL

TTL

TTL

Bi-directional I/O port

RB0

RB1

RB2

RB3

RB4

RB5

RB6

RB7

10

11

12

13

14

15

16

17

10

11

12

13

14

15

16

17

9

10

11

12

13

15

16

17

I/O

I/O

I/O

I/O

I/O

I/O

I/O

I/O

TTL

TTL

TTL

TTL

TTL

TTL

TTL

TTL

Bi-directional I/O port

RC0

RC1

RC2

RC3

RC4

RC5

RC6

RC7

18

19

20

21

22

23

24

25

18

19

20

21

22

23

24

25

18

19

20

21

22

23

24

25

I/O

I/O

I/O

I/O

I/O

I/O

I/O

I/O

TTL

TTL

TTL

TTL

TTL

TTL

TTL

TTL

Bi-directional I/O port

T0CKI 1 1 2 I ST Clock input to Timer0. Must be tied to VSS or VDD, if not in 

use, to reduce current consumption.

MCLR 28 28 28 I ST Master clear (RESET) input. This pin is an active low 

RESET to the device.

OSC1/CLKIN 27 27 27 I ST Oscillator crystal input/external clock source input.

OSC2/CLKOUT 26 26 26 O — Oscillator crystal output. Connects to crystal or resonator 

in crystal Oscillator mode. In RC mode, OSC2 pin outputs 

CLKOUT which has 1/4 the frequency of OSC1, and 

denotes the instruction cycle rate.

VDD 2 2 3,4 P — Positive supply for logic and I/O pins.

VSS 4 4 1,14 P — Ground reference for logic and I/O pins.

N/C 3,5 3,5 — — — Unused, do not connect.

Legend: I = input, O = output, I/O = input/output, P = power, — = Not Used, TTL = TTL input, ST = Schmitt Trigger 

input
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3.1 Clocking Scheme/Instruction 
Cycle

The clock input (OSC1/CLKIN pin) is internally divided

by four to generate four non-overlapping quadrature

clocks, namely Q1, Q2, Q3 and Q4. Internally, the pro-

gram counter is incremented every Q1 and the instruc-

tion is fetched from program memory and latched into

the instruction register in Q4. It is decoded and exe-

cuted during the following Q1 through Q4. The clocks

and instruction execution flow are shown in Figure 3-2

and Example 3-1.

3.2 Instruction Flow/Pipelining

An Instruction Cycle consists of four Q cycles (Q1, Q2,

Q3 and Q4). The instruction fetch and execute are

pipelined such that fetch takes one instruction cycle,

while decode and execute takes another instruction

cycle. However, due to the pipelining, each instruction

effectively executes in one cycle. If an instruction

causes the program counter to change (e.g., GOTO),

then two cycles are required to complete the instruction

(Example 3-1).

A fetch cycle begins with the program counter (PC)

incrementing in Q1.

In the execution cycle, the fetched instruction is latched

into the Instruction Register in cycle Q1. This instruc-

tion is then decoded and executed during the Q2, Q3

and Q4 cycles. Data memory is read during Q2 (oper-

and read) and written during Q4 (destination write).

FIGURE 3-2: CLOCK/INSTRUCTION CYCLE

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW

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

OSC1

Q1

Q2

Q3

Q4

PC

OSC2/CLKOUT
(RC mode)

PC PC+1 PC+2

Fetch INST (PC)
Execute INST (PC-1) Fetch INST (PC+1)

Execute INST (PC) Fetch INST (PC+2)
Execute INST (PC+1)

Internal
phase
clock

All instructions are single cycle, except for any program branches. These take two cycles since the fetch instruction

is “flushed” from the pipeline, while the new instruction is being fetched and then executed. 

1. MOVLW H'55' Fetch 1 Execute 1

2. MOVWF PORTB Fetch 2 Execute 2

3. CALL  SUB_1 Fetch 3 Execute 3

4. BSF   PORTA, BIT3 Fetch 4 Flush

Fetch SUB_1 Execute SUB_1
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4.0 OSCILLATOR 
CONFIGURATIONS

4.1 Oscillator Types

PIC16C5Xs can be operated in four different oscillator

modes. The user can program two configuration bits

(FOSC1:FOSC0) to select one of these four modes:

1. LP: Low Power Crystal

2. XT: Crystal/Resonator

3. HS: High Speed Crystal/Resonator

4. RC: Resistor/Capacitor

4.2 Crystal Oscillator/Ceramic 
Resonators

In XT, LP or HS modes, a crystal or ceramic resonator

is connected to the OSC1/CLKIN and OSC2/CLKOUT

pins to establish oscillation (Figure 4-1). The

PIC16C5X oscillator design requires the use of a paral-

lel cut crystal. Use of a series cut crystal may give a fre-

quency out of the crystal manufacturers specifications.

When in XT, LP or HS modes, the device can have an

external clock source drive the OSC1/CLKIN pin

(Figure 4-2).

FIGURE 4-1: CRYSTAL/CERAMIC 
RESONATOR OPERATION 
(HS, XT OR LP OSC 
CONFIGURATION)  

FIGURE 4-2: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT OR 
LP OSC 
CONFIGURATION) 

TABLE 4-1: CAPACITOR SELECTION FOR 
CERAMIC RESONATORS - 
PIC16C5X, PIC16CR5X  

TABLE 4-2: CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR - 
PIC16C5X, PIC16CR5X 

Note: Not all oscillator selections available for all

parts. See Section 9.1.

Note 1: See Capacitor Selection tables for 

recommended values of C1 and C2.

2: A series resistor (RS) may be required 

for AT strip cut crystals.

3: RF varies with the Oscillator mode cho-

sen (approx. value = 10 M).

C1(1)

C2(1)

XTAL

OSC2

OSC1

RF(3)

SLEEP

To internal
logic

RS(2)

PIC16C5X

Osc

Type

Resonator 

Freq

Cap. Range

C1

Cap. Range

C2

XT 455 kHz

2.0 MHz

4.0 MHz

68-100 pF

15-33 pF

10-22 pF

68-100 pF

15-33 pF

10-22 pF

HS 8.0 MHz

16.0 MHz

10-22 pF

10 pF

10-22 pF

10 pF

These values are for design guidance only. Since 

each resonator has its own characteristics, the user 

should consult the resonator manufacturer for 

appropriate values of external components. 

Osc

 Type

Crystal  

Freq

Cap.Range

C1 

Cap. Range

C2

LP 32 kHz(1) 15 pF 15 pF

XT 100 kHz

200 kHz

455 kHz

1 MHz

2 MHz

4 MHz

15-30 pF

15-30 pF

15-30 pF

15-30 pF

15 pF

15 pF

200-300 pF

100-200 pF

15-100 pF

15-30 pF

15 pF

15 pF

HS 4 MHz

8 MHz

20 MHz

15 pF

15 pF

15 pF

15 pF

15 pF

15 pF

Note 1: For VDD > 4.5V, C1 = C2  30 pF is 

recommended.

These values are for design guidance only. Rs may 

be required in HS mode as well as XT mode to avoid 

overdriving crystals with low drive level specification. 

Since each crystal has its own characteristics, the 

user should consult the crystal manufacturer for 

appropriate values of external components.

Note: If you change from this device to another

device, please verify oscillator characteris-

tics in your application.

Clock from
ext. system

OSC1

OSC2

PIC16C5X

Open
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4.3 External Crystal Oscillator Circuit

Either a prepackaged oscillator or a simple oscillator

circuit with TTL gates can be used as an external crys-

tal oscillator circuit. Prepackaged oscillators provide a

wide operating range and better stability. A well-

designed crystal oscillator will provide good perfor-

mance with TTL gates. Two types of crystal oscillator

circuits can be used: one with parallel resonance, or

one with series resonance.

Figure 4-3 shows an implementation example of a par-

allel resonant oscillator circuit. The circuit is designed

to use the fundamental frequency of the crystal. The

74AS04 inverter performs the 180-degree phase shift

that a parallel oscillator requires. The 4.7 k resistor

provides the negative feedback for stability. The 10 k
potentiometers bias the 74AS04 in the linear region.

This circuit could be used for external oscillator

designs.

FIGURE 4-3: EXAMPLE OF EXTERNAL 
PARALLEL RESONANT 
CRYSTAL OSCILLATOR 
CIRCUIT (USING XT, HS 
OR LP OSCILLATOR 
MODE)  

Figure 4-4 shows a series resonant oscillator circuit.

This circuit is also designed to use the fundamental fre-

quency of the crystal. The inverter performs a 180-

degree phase shift in a series resonant oscillator cir-

cuit. The 330 k resistors provide the negative feed-

back to bias the inverters in their linear region.

FIGURE 4-4: EXAMPLE OF EXTERNAL 
SERIES RESONANT 
CRYSTAL OSCILLATOR 
CIRCUIT (USING XT, HS 
OR LP OSCILLATOR 
MODE)  

20 pF

+5V

20 pF

10K

4.7K

10K

74AS04

XTAL

10K

74AS04 PIC16C5X

CLKIN

To Other
Devices

OSC2Open

330K

74AS04 74AS04 PIC16C5X

CLKIN

To Other
Devices

XTAL

330K

74AS04

0.1 F

OSC2Open
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4.4 RC Oscillator

For timing insensitive applications, the RC device

option offers additional cost savings. The RC oscillator

frequency is a function of the supply voltage, the resis-

tor (REXT) and capacitor (CEXT) values, and the operat-

ing temperature. In addition to this, the oscillator

frequency will vary from unit to unit due to normal pro-

cess parameter variation. Furthermore, the difference

in lead frame capacitance between package types will

also affect the oscillation frequency, especially for low

CEXT values. The user also needs to take into account

variation due to tolerance of external R and C compo-

nents used. 

Figure 4-5 shows how the R/C combination is con-

nected to the PIC16C5X. For REXT values below

2.2 k, the oscillator operation may become unstable,

or stop completely. For very high REXT values

(e.g., 1 M) the oscillator becomes sensitive to noise,

humidity and leakage. Thus, we recommend keeping

REXT between 3 k and 100 k. 

Although the oscillator will operate with no external

capacitor (CEXT = 0 pF), we recommend using values

above 20 pF for noise and stability reasons. With no or

small external capacitance, the oscillation frequency

can vary dramatically due to changes in external

capacitances, such as PCB trace capacitance or pack-

age lead frame capacitance.

The Electrical Specifications sections show RC fre-

quency variation from part to part due to normal pro-

cess variation. The variation is larger for larger R (since

leakage current variation will affect RC frequency more

for large R) and for smaller C (since variation of input

capacitance will affect RC frequency more).

Also, see the Electrical Specifications sections for vari-

ation of oscillator frequency due to VDD for given REXT/

CEXT values as well as frequency variation due to oper-

ating temperature for given R, C, and VDD values. 

The oscillator frequency, divided by 4, is available on

the OSC2/CLKOUT pin, and can be used for test pur-

poses or to synchronize other logic.

FIGURE 4-5: RC OSCILLATOR MODE 

Note: If you change from this device to another

device, please verify oscillator characteris-

tics in your application.

VDD

REXT

CEXT

VSS

OSC1
Internal
clock

OSC2/CLKOUT
Fosc/4

PIC16C5X
N
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5.0 RESET

PIC16C5X devices may be RESET in one of the follow-

ing ways:

• Power-On Reset (POR) 

• MCLR Reset (normal operation)

• MCLR Wake-up Reset (from SLEEP)

• WDT Reset (normal operation)

• WDT Wake-up Reset (from SLEEP)

Table 5-1 shows these RESET conditions for the PCL

and STATUS registers.

Some registers are not affected in any RESET condi-

tion. Their status is unknown on POR and unchanged

in any other RESET. Most other registers are reset to a

“RESET state” on Power-On Reset (POR), MCLR or

WDT Reset. A MCLR or WDT wake-up from SLEEP

also results in a device RESET, and not a continuation

of operation before SLEEP.

The TO and PD bits (STATUS <4:3>) are set or cleared

depending on the different RESET conditions (Table 5-

1). These bits may be used to determine the nature of

the RESET.

Table 5-3 lists a full description of RESET states of all

registers. Figure 5-1 shows a simplified block diagram

of the On-chip Reset circuit.

TABLE 5-1: STATUS BITS AND THEIR SIGNIFICANCE 

TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH RESET

Condition TO PD

Power-On Reset 1 1

MCLR Reset (normal operation) u u

MCLR Wake-up (from SLEEP) 1 0

WDT Reset (normal operation) 0 1

WDT Wake-up (from SLEEP) 0 0

Legend: u = unchanged, x = unknown, — = unimplemented read as '0'.

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

POR

Value on 

MCLR and 

WDT Reset

03h STATUS PA2 PA1 PA0 TO PD Z DC C 0001 1xxx 000q quuu

Legend: u = unchanged, x = unknown, q = see Table 5-1 for possible values.
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TABLE 5-3: RESET CONDITIONS FOR ALL REGISTERS 

FIGURE 5-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT    

Register Address Power-On Reset MCLR or WDT Reset 

W N/A xxxx xxxx uuuu uuuu

TRIS N/A 1111 1111 1111 1111

OPTION N/A --11 1111 --11 1111

INDF 00h xxxx xxxx uuuu uuuu

TMR0 01h xxxx xxxx uuuu uuuu

PCL 02h 1111 1111 1111 1111

STATUS 03h 0001 1xxx 000q quuu

FSR(1) 04h 1xxx xxxx 1uuu uuuu

PORTA 05h ---- xxxx ---- uuuu

PORTB 06h xxxx xxxx uuuu uuuu

PORTC(2) 07h xxxx xxxx uuuu uuuu

General Purpose Register Files 07-7Fh xxxx xxxx uuuu uuuu

Legend: x = unknown u = unchanged - = unimplemented, read as '0'

q = see tables in Table 5-1 for possible values.

Note 1: These values are valid for PIC16C57/CR57/C58/CR58. For the PIC16C54/CR54/C55/C56/CR56, the 

value on RESET is 111x xxxx and for MCLR and WDT Reset, the value is 111u uuuu.

2: General purpose register file on PIC16C54/CR54/C56/CR56/C58/CR58.

8-bit Asynch
Ripple Counter

(Device Reset 

S Q

R Q

VDD

MCLR/VPP pin

Power-Up
Detect

On-Chip
RC OSC

POR (Power-On Reset)

WDT Time-out

RESET

CHIP RESET

WDT

Timer)
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5.1 Power-On Reset (POR)

The PIC16C5X family incorporates on-chip Power-On

Reset (POR) circuitry which provides an internal chip

RESET for most power-up situations. To use this fea-

ture, the user merely ties the MCLR/VPP pin to VDD. A

simplified block diagram of the on-chip Power-On

Reset circuit is shown in Figure 5-1. 

The Power-On Reset circuit and the Device Reset

Timer (Section 5.2) circuit are closely related. On

power-up, the RESET latch is set and the DRT is

RESET. The DRT timer begins counting once it detects

MCLR to be high. After the time-out period, which is

typically 18 ms, it will RESET the reset latch and thus

end the on-chip RESET signal.

A power-up example where MCLR is not tied to VDD is

shown in Figure 5-3. VDD is allowed to rise and stabilize

before bringing MCLR high. The chip will actually come

out of reset TDRT msec after MCLR goes high.

In Figure 5-4, the on-chip Power-On Reset feature is

being used (MCLR and VDD are tied together). The VDD

is stable before the start-up timer times out and there is

no problem in getting a proper RESET. However,

Figure 5-5 depicts a problem situation where VDD rises

too slowly. The time between when the DRT senses a

high on the MCLR/VPP pin, and when the MCLR/VPP

pin (and VDD) actually reach their full value, is too long.

In this situation, when the start-up timer times out, VDD

has not reached the VDD (min) value and the chip is,

therefore, not guaranteed to function correctly. For

such situations, we recommend that external RC cir-

cuits be used to achieve longer POR delay times

(Figure 5-2).

For more information on PIC16C5X POR, see Power-

Up Considerations - AN522 in the Embedded Control

Handbook.

The POR circuit does not produce an internal RESET

when VDD declines.

FIGURE 5-2: EXTERNAL POWER-ON 
RESET CIRCUIT (FOR 
SLOW VDD POWER-UP)

Note: When the device starts normal operation

(exits the RESET condition), device oper-

ating parameters (voltage, frequency, tem-

perature, etc.) must be met to ensure

operation. If these conditions are not met,

the device must be held in RESET until the

operating conditions are met.

C

R1

RD

MCLR

PIC16C5X

VDDVDD

• External Power-On Reset circuit is required 

only if VDD power-up is too slow. The diode D 

helps discharge the capacitor quickly when 

VDD powers down.

• R < 40 k is recommended to make sure that 

voltage drop across R does not violate the 

device electrical specification.

• R1 = 100 to 1 k will limit any current flow-

ing into MCLR from external capacitor C in the 

event of MCLR pin breakdown due to Electro-

static Discharge (ESD) or Electrical Over-

stress (EOS).
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FIGURE 5-3: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD) 

FIGURE 5-4: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD): FAST VDD RISE 
TIME 

FIGURE 5-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD): SLOW VDD RISE 
TIME   

VDD

MCLR

INTERNAL POR

DRT TIME-OUT

INTERNAL RESET

TDRT

VDD

MCLR

INTERNAL POR

DRT TIME-OUT

INTERNAL RESET

TDRT

VDD

MCLR

INTERNAL POR

DRT TIME-OUT

INTERNAL RESET

V1

When VDD rises slowly, the TDRT time-out expires long before VDD has reached its final value. In
this example, the chip will RESET properly if, and only if, V1  VDD min

TDRT
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5.2 Device Reset Timer (DRT)

The Device Reset Timer (DRT) provides an 18 ms

nominal time-out on RESET regardless of Oscillator

mode used. The DRT operates on an internal RC oscil-

lator. The processor is kept in RESET as long as the

DRT is active. The DRT delay allows VDD to rise above

VDD min., and for the oscillator to stabilize.

Oscillator circuits based on crystals or ceramic resona-

tors require a certain time after power-up to establish a

stable oscillation. The on-chip DRT keeps the device in

a RESET condition for approximately 18 ms after the

voltage on the MCLR/VPP pin has reached a logic high

(VIH) level. Thus, external RC networks connected to

the MCLR input are not required in most cases, allow-

ing for savings in cost-sensitive and/or space restricted

applications.

The Device Reset time delay will vary from chip to chip

due to VDD, temperature, and process variation. See

AC parameters for details.

The DRT will also be triggered upon a Watchdog Timer

time-out. This is particularly important for applications

using the WDT to wake the PIC16C5X from SLEEP

mode automatically.

5.3 Reset on Brown-Out

A brown-out is a condition where device power (VDD)

dips below its minimum value, but not to zero, and then

recovers. The device should be RESET in the event of

a brown-out.

To RESET PIC16C5X devices when a brown-out

occurs, external brown-out protection circuits may be

built, as shown in Figure 5-6, Figure 5-7 and Figure 5-

8.

FIGURE 5-6: EXTERNAL BROWN-OUT 
PROTECTION CIRCUIT 1 

FIGURE 5-7: EXTERNAL BROWN-OUT 
PROTECTION CIRCUIT 2 

FIGURE 5-8: EXTERNAL BROWN-OUT 
PROTECTION CIRCUIT 3

This circuit will activate RESET when VDD goes below Vz

+ 0.7V (where Vz = Zener voltage).

33K

10K

40K

VDD

MCLR

PIC16C5X

VDD

Q1

This brown-out circuit is less expensive, although

less accurate.  Transistor Q1 turns off when VDD

is below a certain level such that:

VDD •
R1

R1 + R2
= 0.7V

R2 40K

VDD

MCLR

PIC16C5X

R1

Q1

VDD

This brown-out protection circuit employs Micro-

chip Technology’s MCP809 microcontroller

supervisor.  The MCP8XX and MCP1XX families

of supervisors provide push-pull and open collec-

tor outputs with both "active high and active low"

RESET pins. There are 7 different trip point selec-

tions to accommodate 5V and 3V systems.

MCLR

PIC16C5X

VDD

Vss
RST

MCP809

VDD

bypass
capacitor

VDD
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6.0 MEMORY ORGANIZATION

PIC16C5X memory is organized into program memory

and data memory. For devices with more than 512

bytes of program memory, a paging scheme is used.

Program memory pages are accessed using one or two

STATUS Register bits. For devices with a data memory

register file of more than 32 registers, a banking

scheme is used. Data memory banks are accessed

using the File Selection Register (FSR).

6.1 Program Memory Organization

The PIC16C54, PIC16CR54 and PIC16C55 have a 9-

bit Program Counter (PC) capable of addressing a 512

x 12 program memory space (Figure 6-1). The

PIC16C56 and PIC16CR56 have a 10-bit Program

Counter (PC) capable of addressing a 1K x 12 program

memory space (Figure 6-2). The PIC16CR57,

PIC16C58 and PIC16CR58 have an 11-bit Program

Counter capable of addressing a 2K x 12 program

memory space (Figure 6-3). Accessing a location

above the physically implemented address will cause a

wraparound.

A NOP at the RESET vector location will cause a restart

at location 000h. The RESET vector for the PIC16C54,

PIC16CR54 and PIC16C55 is at 1FFh. The RESET

vector for the PIC16C56 and PIC16CR56 is at 3FFh.

The RESET vector for the PIC16C57, PIC16CR57,

PIC16C58, and PIC16CR58 is at 7FFh. See

Section 6.5 for additional information using CALL and

GOTO instructions.

FIGURE 6-1: PIC16C54/CR54/C55 
PROGRAM MEMORY MAP 
AND STACK 

FIGURE 6-2: PIC16C56/CR56 
PROGRAM MEMORY MAP 
AND STACK 

FIGURE 6-3: PIC16C57/CR57/C58/
CR58 PROGRAM 
MEMORY MAP AND 
STACK 
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000h
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000h

1FFh
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Memory (Page 0)

On-chip Program

Memory (Page 1)

200h

2FFh

300h
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CALL, RETLW
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Stack Level 1
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000h

1FFh

RESET Vector

0FFh

100h

On-chip Program

Memory (Page 0)

On-chip Program

Memory (Page 1)

On-chip Program

Memory (Page 2)

On-chip Program

Memory (Page 3)

200h

3FFh

2FFh

300h

400h

5FFh

4FFh

500h

600h

7FFh

6FFh

700h

CALL, RETLW
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