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PIC16C5X

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 hits. 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
GOTQinstructions.

FIGURE 6-1: PIC16C54/CR54/C55
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FIGURE 6-2: PIC16C56/CR56
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PIC16C5X

FIGURE 6-5: PIC16C57/CR57 REGISTER FILE MAP
FSR<6:5>—B 00 01 10 11
File Address
* 00h INDF® 20h ;40h ; 60h
01h TMRO | |
02h PCL | |
03h STATUS | ‘
04h FSR Addresses map back ' to
05h PORTA addresses in Bank 0.
06h PORTB | |
07h PORTC | \
08h General | |
Purpose | |
OFh Registers | 2Fh 4Fh 6Fh
10h 30h 50h 70h
General General General General
Purpose Purpose Purpose Purpose
Registers Registers Registers Registers
1Fh 3Fh 5Fh 7Fh
Bank 0 Bank 1 Bank 2 Bank 3
Note 1: Not a physical register. See Section 6.7.
FIGURE 6-6: PIC16C58/CR58 REGISTER FILE MAP
FSR<6:5>—B 00 01 10 11
File Address | ‘
* 00h INDF® 20h | 40h ‘ 60h
01h TMRO | |
02h PCL | |
03h STATUS | ‘
04h FSR Addresses map back ' to
05h PORTA addresses in Bank 0.
06h PORTB I I
07h | |
General
Purpose | |
Registers | |
OFh 2Fh 4Fh 6Fh
10h 30h 50h 70h
General General General General
Purpose Purpose Purpose Purpose
Registers Registers Registers Registers
1Fh 3Fh 5Fh 7Fh
Bank O Bank 1 Bank 2 Bank 3
Note 1: Not a physical register. See Section 6.7.
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7.0 1/OPORTS

As with any other register, the I/O Registers can be
written and read under program control. However, read
instructions (e.g., MOVF PORTB, W) always read the 1/0O
pins independent of the pin’s input/output modes. On
RESET, all I/0 ports are defined as input (inputs are at
hi-impedance) since the 1/O control registers (TRISA,
TRISB, TRISC) are all set.

7.1 PORTA

PORTA is a 4-bit I/0O Register. Only the low order 4 bits
are used (RA<3:0>). Bits 7-4 are unimplemented and
read as '0O's.

7.2 PORTB
PORTB is an 8-bit I/O Register (PORTB<7:0>).
7.3 PORTC

PORTC is an 8-bit I/O Register for PIC16C55,
PIC16C57 and PIC16CR57.

PORTC is a General Purpose Register for PIC16C54,
PIC16CR54, PIC16C56, PIC16CR56, PIC16C58 and
PIC16CR58.

7.4 TRIS Registers

The Output Driver Control Registers are loaded with
the contents of the W Register by executing the

TRIS f instruction. A '1' from a TRIS Register bit puts
the corresponding output driver in a hi-impedance
(input) mode. A 'O’ puts the contents of the output data
latch on the selected pins, enabling the output buffer.

Note: A read of the ports reads the pins, not the
output data latches. That is, if an output
driver on a pin is enabled and driven high,
but the external system is holding it low, a
read of the port will indicate that the pin is

low.

The TRIS Registers are “write-only” and are set (output
drivers disabled) upon RESET.

7.5

The equivalent circuit for an 1/0 port pin is shown in
Figure 7-1. All ports may be used for both input and
output operation. For input operations these ports are
non-latching. Any input must be present until read by
an input instruction (e.g., MOVF PORTB, W). The out-
puts are latched and remain unchanged until the output
latch is rewritten. To use a port pin as output, the corre-
sponding direction control bit (in TRISA, TRISB,
TRISC) must be cleared (= 0). For use as an input, the
corresponding TRIS bit must be set. Any I/O pin can be
programmed individually as input or output.

I/O Interfacing

FIGURE 7-1: EQUIVALENT CIRCUIT
FOR A SINGLE I/O PIN
Data
Bus
D Q
Data
WR Latch VeD
Port CK 6

w :D—( N o
R in@
eg D 0 p
TRIS
Latch Vvss
TRIS 'f CK 6
RESET

)

RD Port

Note 1: I/O pins have protection diodes to VDD and Vss.

TABLE 7-1: SUMMARY OF PORT REGISTERS
Value on _Value on

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-On MCLR and
Reset WDT Reset

N/A TRIS I/0 Control Registers (TRISA, TRISB, TRISC) 1111 1111 | 1111 1111

05h PORTA — — — — RA3 RA2 RA1 RAO ---- XXXX | ---- uuuu

06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX [ uuuu uuuu

07h PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO | XXXX XXXX | uuuu uuuu

Legend: x =unknown, u = unchanged, — = unimplemented, read as '0’', Shaded cells = unimplemented, read as ‘0’
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COMF Complement f
Syntax: [label] COMF fd
Operands: 0<f<31
d € [0,1]
Operation: (f) —> (dest)
Status Affected: Z
Encoding: |0010 |o1df |ffff |
Description: The contents of register 'f' are
complemented. If 'd" is O the result
is stored in the W register. If 'd"is 1
the result is stored back in
register 'f'.
Words: 1
Cycles: 1
Example: COVF REGL, O
Before Instruction
REG1 = 0x13
After Instruction
REG1 = 0x13
W = OxEC
DECF Decrement f
Syntax: [label] DECF fd
Operands: 0<f<31
d € [0,1]
Operation: (f)— 1 —> (dest)
Status Affected: Z
Encoding: |0000 |11df |ffff |
Description: Decrement register 'f'. If 'd" is O the
result is stored in the W register. If
'd" is 1 the result is stored back in
register 'f'.
Words: 1
Cycles: 1
Example: DECF CNT, 1
Before Instruction
CNT = 0x01
z = 0
After Instruction
CNT = 0x00
z = 1

DECFSZ Decrement f, Skip if O
Syntax: [label] DECFSZ f,d
Operands: 0<f<31
d e [0,1]
Operation: (H-1—>d; skipifresult=0
Status Affected: None
Encoding: |0010 |11df |ffff |
Description: The contents of register 'f' are dec-
remented. If 'd' is O the result is
placed in the W register. If 'd"is 1
the result is placed back in
register 'f'.
If the result is 0, the next instruc-
tion, which is already fetched, is
discarded and a NOP is executed
instead making it a two-cycle
instruction.
Words: 1
Cycles: 1(2)
Example: HERE DECFSZ CNT, 1
[ce))e LOOP
CONTI NUE »
Before Instruction
PC = address (HERE)
After Instruction
CNT = CNT-1;
if CNT = 0,
PC = address (CONTINUE);
if CNT z 0,
PC = address (HERE+1)
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GOTO Unconditional Branch

Syntax: [label] GOTO k

Operands: 0<k<b511

Operation: k — PC<8:0>;
STATUS<6:5> — PC<10:9>

Status Affected: None

Encoding: | 101k | Kkkk | Kkkkk |

Description: GOTO is an unconditional branch.
The 9-bit immediate value is
loaded into PC bits <8:0>. The
upper bits of PC are loaded from
STATUS<6:5>. GOTO is a two-
cycle instruction.

Words: 1

Cycles: 2

Example: GOTO THERE

After Instruction

PC = address (THERE)
INCF Increment f
Syntax: [label] INCF f,d
Operands: 0<f<31
d € [0,1]
Operation: (f) + 1 — (dest)
Status Affected: Z
Encoding: |0010 |10df [ffff |
Description: The contents of register 'f' are
incremented. If 'd" is O the result is
placed in the W register. If 'd"is 1
the result is placed back in
register 'f'.
Words: 1
Cycles: 1
Example: | NCF  CNT, 1
Before Instruction
CNT = OxFF
z = 0
After Instruction
CNT = 0x00
VA = 1

INCFSZ Increment f, Skip if O
Syntax: [label] INCFSz f,d
Operands: 0<f<31
d e [0,1]
Operation: (f) + 1 — (dest), skip if result =0
Status Affected: None
Encoding: | 0011 | 11df | T |
Description: The contents of register 'f' are
incremented. If 'd" is O the result is
placed in the W register. If 'd"is 1
the result is placed back in
register 'f'.
If the result is 0, then the next
instruction, which is already
fetched, is discarded and a NOP is
executed instead making it a two-
cycle instruction.
Words: 1
Cycles: 1(2)
Example: HERE | NCFSZ CNT, 1
[ce))e LOOP
CONTI NUE »
Before Instruction
PC = address (HERE)
After Instruction
CNT = CNT+1;
if CNT = 0,
PC = address (CONTINUE);
if CNT = 0,
PC = address (HERE +1)
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IORLW Inclusive OR literal with W
Syntax: [label] IORLW k
Operands: 0< k<255
Operation: (W) .0OR. (k) > (W)
Status Affected: Z
Encoding: | 1101 | Kkkkk | kkkk |
Description: The contents of the W register are
OR’ed with the eight bit literal 'k'.
The result is placed in the W regis-
ter.
Words: 1
Cycles: 1
Example: | ORLW 0x35
Before Instruction
W = Ox9A
After Instruction
W = OxBF
Z =0
IORWF Inclusive OR W with f
Syntax: [label] IORWF f,d
Operands: 0<f<31
d € [0,1]
Operation: (W).OR. (f) > (dest)
Status Affected: Z
Encoding: | 0001 |oodf [ffff |
Description: Inclusive OR the W register with
register 'f'. If 'd' is O the result is
placed in the W register. If 'd' is 1
the result is placed back in
register 'f'.
Words: 1
Cycles: 1
Example: | ORWF RESULT, O
Before Instruction
RESULT = O0x13
W = 0x91
After Instruction
RESULT = 0x13
w = 0x93
z = 0

MOVF Move f

Syntax: [label] MOVF fd

Operands: 0<f<31
d e [0,1]

Operation: (f) > (dest)

Status Affected: Z

Encoding: |0010 |oodf [ffff |

Description: The contents of register 'f' is
moved to destination 'd'. If 'd" is O,
destination is the W register. If 'd'
is 1, the destination is file
register 'f'. 'd' is 1 is useful to test a
file register since status flag Z is
affected.

Words: 1

Cycles: 1

Example: MOVE  FSR, 0

After Instruction

W value in FSR register
MOVLW Move Literal to W
Syntax: [label] MOVLW k
Operands: 0< k<255
Operation: k— (W)
Status Affected: None
Encoding: | 1100 | Kkkkk | kkkk |
Description: The eight bit literal 'k’ is loaded into
the W register.
Words: 1
Cycles: 1
Example: MOVLW Ox5A

After Instruction

w

Ox5A
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RLF Rotate Left f through Carry
Syntax: [label] RLF fd
Operands: 0<f<31
d € [0,1]
Operation: See description below
Status Affected: C
Encoding: |oo11 |[odf |ffff |
Description: The contents of register 'f' are
rotated one bit to the left through
the Carry Flag (STATUS<0>). If 'd’
is 0 the result is placed in the W
register. If 'd' is 1 the result is
stored back in
register 'f'.
o<
Words: 1
Cycles: 1
Example: RLF REGL, 0
Before Instruction
REG1 = 1110 0110
C = 0
After Instruction
REG1 = 1110 0110
w = 1100 1100
C = 1

RRF Rotate Right f through Carry
Syntax: [label] RRF fd
Operands: 0<f<31
d e [0,1]
Operation: See description below
Status Affected: C
Encoding: |oo11 |oodf |ffff |
Description: The contents of register 'f' are
rotated one bit to the right through
the Carry Flag (STATUS<0>). If 'd’
is 0 the result is placed in the W
register. If 'd" is 1 the result is
placed back in
register 'f'.
Words: 1
Cycles: 1
Example: RRF REGL, O
Before Instruction
REG1 = 1110 0110
C = 0
After Instruction
REG1 = 1110 0110
W = 0111 0011
C = 0
SLEEP Enter SLEEP Mode
Syntax: [label] SLEEP
Operands: None
Operation: 00h —» WDT;
0 — WDT prescaler; if assigned
1 TG,
0—-PD
Status Affected: TO, PD
Encoding: | 0000 |0000 [0011 |
Description: Time-out status bit (TO) is set. The
power-down status bit (PD) is
cleared. The WDT and its pres-
caler are cleared.
The processor is put into SLEEP
mode with the oscillator stopped.
See section on SLEEP for more
details.
Words: 1
Cycles: 1
Example: SLEEP
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11.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers are supported with a full
range of hardware and software development tools:
* Integrated Development Environment
- MPLAB® IDE Software
» Assemblers/Compilers/Linkers
- MPASM™ Assembler
- MPLAB C17 and MPLAB C18 C Compilers

- MPLINK™ Obiject Linker/
MPLIB™ Obiject Librarian

e Simulators
- MPLAB SIM Software Simulator
« Emulators
- MPLAB ICE 2000 In-Circuit Emulator
- ICEPIC™ In-Circuit Emulator
« In-Circuit Debugger
- MPLAB ICD
« Device Programmers
- PRO MATE® Il Universal Device Programmer

- PICSTART® Plus Entry-Level Development
Programmer

* Low Cost Demonstration Boards
- PICDEM™ 1 Demonstration Board
- PICDEM 2 Demonstration Board
- PICDEM 3 Demonstration Board
- PICDEM 17 Demonstration Board
- KeeLoq® Demonstration Board

11.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8-bit microcon-
troller market. The MPLAB IDE is a Windows®-based
application that contains:
< An interface to debugging tools
- simulator
- programmer (sold separately)
- emulator (sold separately)
- in-circuit debugger (sold separately)
A full-featured editor
» A project manager
» Customizable toolbar and key mapping
* A status bar
* On-line help

The MPLAB IDE allows you to:

« Edit your source files (either assembly or ‘C’)

* One touch assemble (or compile) and download
to PIC MCU emulator and simulator tools (auto-
matically updates all project information)

» Debug using:

- source files
- absolute listing file
- machine code

The ability to use MPLAB IDE with multiple debugging
tools allows users to easily switch from the cost-
effective simulator to a full-featured emulator with
minimal retraining.

11.2 MPASM Assembler

The MPASM assembler is a full-featured universal
macro assembler for all PIC MCUs.

The MPASM assembler has a command line interface
and a Windows shell. It can be used as a stand-alone
application on a Windows 3.x or greater system, or it
can be used through MPLAB IDE. The MPASM assem-
bler generates relocatable object files for the MPLINK
object linker, Intel® standard HEX files, MAP files to
detail memory usage and symbol reference, an abso-
lute LST file that contains source lines and generated
machine code, and a COD file for debugging.

The MPASM assembler features include:

* Integration into MPLAB IDE projects.

» User-defined macros to streamline assembly
code.

 Conditional assembly for multi-purpose source
files.

« Directives that allow complete control over the
assembly process.

11.3 MPLAB C17 and MPLAB C18
C Compilers

The MPLAB C17 and MPLAB C18 Code Development
Systems are complete ANSI ‘C’ compilers for
Microchip’s PIC17CXXX and PIC18CXXX family of
microcontrollers, respectively. These compilers provide
powerful integration capabilities and ease of use not
found with other compilers.

For easier source level debugging, the compilers pro-
vide symbol information that is compatible with the
MPLAB IDE memory display.

© 1997-2013 Microchip Technology Inc.
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12.4 DC Characteristics: PIC16C54/55/56/57-RC, XT, 10, HS, LP (Commercial)
PIC16C54/55/56/57-RCl, XTI, 101, HSI, LPI (Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise specified)
0°C < TA < +70°C for commercial
—40°C < TA < +85°C for industrial

Operating Temperature

Pilrsm Symbol | Characteristic/Device Min Typt Max Units Conditions
D030 ViL  |Input Low Voltage
I/O ports Vss — 0.2 VbD V  |Pin at hi-impedance
MCLR (Schmitt Trigger) Vss — 0.15VpD \%
TOCKI (Schmitt Trigger) Vss — 0.15VDpD \%
OSC1 (Schmitt Trigger) Vss — |015Vbp | V |PIC16C5X-RC only®
OSC1 (Schmitt Trigger) Vss — 0.3 VDD \% PIC16C5X-XT, 10, HS, LP
D040 VIH |Input High Voltage
1/0 ports 045VDD | — VDD vV |For all voo®
/0 ports 2.0 — VDD V 4.0V < VDD <55vV@
1/0O ports 0.36 VDD — VDD V |VDbD >5.5V
MCLR (Schmitt Trigger) 0.85 VDD — VDD \%
TOCKI (Schmitt Trigger) 0.85 VDD — VDD \%
OSC1 (Schmitt Trigger) 085VoD | — VDD V  |PIC16C5X-RC only®)
OSC1 (Schmitt Trigger) 0.7 VbD — VDD V  |PIC16C5X-XT, 10, HS, LP
D050 VHYS [Hysteresis of Schmitt 0.15 VDbD* — — \%
Trigger inputs
D060 L |Input Leakage Current®:2) For VDD < 5.5V:
I/O ports -1 0.5 +1 pA  |Vss < VPIN < VDD,
pin at hi-impedance
MCLR -5 — — pA  [VPIN = Vss + 0.25V
MCLR — 0.5 +5 pA  |VPIN = VDD
TOCKI -3 0.5 +3 pA  [VSsS < VPIN VDD
0OSC1 -3 0.5 +3 pA  |Vss < VPIN < VDD,
PIC16C5X-XT, 10, HS, LP
D080 VoL |Output Low Voltage
I/O ports — — 0.6 \Y loL = 8.7 mA, VDbD = 4.5V
OSC2/CLKOUT — — 0.6 \% loL =1.6 mA, VDD = 4.5V,
PIC16C5X-RC
D090 | VoW |Output High Voltage®
I/O ports VoD - 0.7 — — \Y loH =-5.4 mA, VDD = 4.5V
OSC2/CLKOUT VbD - 0.7 — — \Y loH =-1.0 mA, VDD = 4.5V,
PIC16C5X-RC
* These parameters are characterized but not tested.
Tt Data in the Typical (“Typ”) column is based on characterization results at 25°C. This data is for design guidance
only and is not tested.

Note 1: The leakage current on the MCLR/VPP pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltage.

2: Negative current is defined as coming out of the pin.

3: For PIC16C5X-RC devices, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
PIC16C5X be driven with external clock in RC mode.

4: The user may use the better of the two specifications.
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13.3

DC Characteristics: PIC16CR54A-04, 10, 20, PIC16LCR54A-04 (Commercial)
PIC16CR54A-04l, 10I, 20I, PIC16LCR54A-04I1 (Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise specified)

Operating Temperature

0°C < TA < +70°C for commercial

—40°C < TA < +85°C for industrial

Pilrsm Symbol Characteristic Min Typt Max Units |Conditions
D030 ViL  |Input Low Voltage
I/O ports Vss — 0.2 VDD \% Pin at hi-impedance
MCLR (Schmitt Trigger) Vss — 0.15 VbD \
TOCKI (Schmitt Trigger) Vss — 0.15 VbD \%
OSC1 (Schmitt Trigger) Vss — | 0.15VDbD V  |RC mode only®
OSC1 Vss — 0.15 Vpbb V XT, HS and LP modes
D040 VIH |Input High Voltage
1/0 ports 2.0 — VDD V  |Vbp=3.0Vto55v¥
1/0 ports 0.6 VDD — VDD vV |Full Vbp range®
MCLR (Schmitt Trigger) 0.85 VDD — VDD \Y,
TOCKI (Schmitt Trigger) 0.85 VDD — VDD \Y,
OSC1 (Schmitt Trigger) 0.85VDoD | — VDD V  |RC mode only®
0OSC1 0.85 VDD — VDD \Y XT, HS and LP modes

D050 VHYS |Hysteresis of Schmitt 0.15 VbD* — — \Y,

Trigger inputs
D060 L |Input Leakage Current(1:?) For VDD <5.5V:

I/O ports -1.0 — +1.0 pA  |VsSs < VPIN < VDD,

pin at hi-impedance
MCLR -5.0 — — pA  |VPIN = Vss + 0.25V
MCLR — 0.5 +5.0 pA  [VPIN = VDD
TOCKI -3.0 0.5 +3.0 pA  |VSs < VPIN < VDD
0OSsC1 -3.0 0.5 +3.0 pA  |VsSs < VPIN < VDD,

XT, HS and LP modes

D080 VoL |Output Low Voltage

I/O ports — — 0.5 \Y loL =10 mA, VDD = 6.0V
OSC2/CLKOUT — — 0.5 \Y loL=1.9 mA, VDD = 6.0V,
RC mode only
D090 | VoH |Output High Voltage®
I/O ports Vbbb - 0.5 — — \Y loH =-4.0 mA, VDD = 6.0V
OSC2/CLKOUT Vop - 0.5 — — \Y loH=-0.8 mA, VDD = 6.0V,
RC mode only
*  These parameters are characterized but not tested.
t Data in the Typical (“Typ”) column is based on characterization results at 25°C. This data is for design guid-
ance only and is not tested.

Note 1: The leakage current on the MCLR/VPP pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltage.

2: Negative current is defined as coming out of the pin.

3: For the RC mode, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the PIC16C5X
be driven with external clock in RC mode.

4: The user may use the better of the two specifications.
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TABLE 13-1: EXTERNAL CLOCK TIMING REQUIREMENTS - PIC16CR54A

Standard Operating Conditions (unless otherwise specified)
AC Crarctarstics OPPITETRRIRUIS 010 TS 0 e
—40°C < TA < +125°C for extended
Pal\:gm Symbol Characteristic Min | Typt Max | Units Conditions
1 Tosc  |External CLKIN Period™® 250 | — — ns |XT osc mode
250 — — ns [HS osc mode (04)
100 — — ns [HS osc mode (10)
50 — — ns [HS osc mode (20)
5.0 — — us |LP osc mode
Oscillator Period® 250 | — — ns |RC osc mode
250 — 10,000f ns |XT osc mode
250 — 250 ns [HS osc mode (04)
100 — 250 ns [HS osc mode (10)
50 — 250 ns |HS osc mode (20)
5.0 — 200 us |LP osc mode
Tcy  |Instruction Cycle Time® — | 4fFosc | — | —
TosL, TosH |Clock in (OSC1) Low or High 50* — — ns |XT oscillator
Time 20* — — ns |HS oscillator
2.0* — — us |LP oscillator
4 TosR, TosF |Clock in (OSC1) Rise or Fall — — 25* ns |XT oscillator
Time — — 25* ns |HS oscillator
— — 50* ns |[LP oscillator

*  These parameters are characterized but not tested.

t Datainthe Typical (“Typ”) column is based on characterization results at 25°C. This data is for design guid-
ance only and is not tested.

Note 1: 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.

When an external clock input is used, the “max” cycle time limit is “DC” (no clock) for all devices.
2: Instruction cycle period (Tcy) equals four times the input oscillator time base period.
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FIGURE 14-4: TYPICAL RC OSC
FREQUENCY vs. VDD,
CEXT =300 PF

FIGURE 14-5:

TYPICAL IPD vs. VDD,
WATCHDOG DISABLED

Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
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FIGURE 15-4: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER TIMING - PIC16C54A
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Note 1: Please referto Figure 15-1 for load conditions.

TABLE 15-3: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER - PIC16C54A

Standard Operating Conditions (unless otherwise specified)
Operating Temperature 0°C < TA < +70°C for commercial
AC Characteristics —40°C < TA < +85°C for industrial
—20°C < Ta < +85°C for industrial - PIC16LV54A-02I
—40°C < TA < +125°C for extended

Param
No. Symbol Characteristic Min | Typt | Max | Units Conditions
30 TmcL |MCLR Pulse Width (low) 100* | — — ns |Vbb =5.0V
1 — — us |VDD = 5.0V (PIC16LV54A only)

31 Twdt |Watchdog Timer Time-out 9.0 | 18* 30* ms |VDD = 5.0V (Comm)

Period (No Prescaler)
32 TDRT |Device Reset Timer Period 9.0 | 18* 30* ms (VDD = 5.0V (Comm)
34 Tioz  [I/O Hi-impedance from MCLR | — — 100* ns

Low — — lus — |(PIC16LV54A only)

* These parameters are characterized but not tested.

T Data in the Typical (“Typ”) column is at 5V, 25°C unless otherwise stated. These parameters are for design
guidance only and are not tested.
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16.0 DEVICE CHARACTERIZATION - PIC16C54A

The graphs and tables provided following this note are a statistical summary based on a limited number of samples and
are provided for informational purposes only. The performance characteristics listed herein are not tested or guaran-
teed. In some graphs or tables, the data presented may be outside the specified operating range (e.g., outside specified
power supply range) and therefore outside the warranted range.

“Typical” represents the mean of the distribution at 25°C. “Maximum” or “minimum” represents (mean + 3c) or (mean
— 30) respectively, where ¢ is a standard deviation, over the whole temperature range.

FIGURE 16-1: TYPICAL RC OSCILLATOR FREQUENCY vs. TEMPERATURE
Fosc Frequency normalized to +25°C
Fosc (25°C)
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1.08 REXT > 10 kW
CEXT = 100 pF
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0.88
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T(°C)
TABLE 16-1: RC OSCILLATOR FREQUENCIES
Average
CExT RExT Fosc @ 5V, 25°C
20 pF 3.3K 5 MHz +27%
5K 3.8 MHz +21%
10K 2.2 MHz +21%
100K 262 kHz +31%
100 pF 3.3K 1.6 MHz +13%
5K 1.2 MHz +13%
10K 684 kHz +18%
100K 71 kHz + 25%
300 pF 3.3K 660 kHz +10%
5.0K 484 kHz +14%
10K 267 kHz +15%
100K 29 kHz +19%

The frequencies are measured on DIP packages.

The percentage variation indicated here is part-to-part variation due to normal process distribution. The variation
indicated is +3 standard deviation from average value for VDD = 5V.
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FIGURE 16-22: PORTA, B AND C loL vs. FIGURE 16-23:

VoL, VbD = 3V

PORTA, B AND C loL vs.
VoL, VDD = 5V

Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)

Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
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TABLE 16-2: INPUT CAPACITANCE FOR
PIC16C54A/C58A
Typical Capacitance (pF)
Pin
18L PDIP 18L sOIC
RA port 5.0 4.3
RB port 5.0 4.3
MCLR 17.0 17.0
0scC1 4.0 35
OSC2/CLKOUT 4.3 35
TOCKI 3.2 2.8
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17.1 DC Characteristics:PIC16C54C/C55A/C56A/C57C/C58B-04, 20 (Commercial, Industrial)
PIC16LC54C/LC55A/LC56A/LC57C/LC58B-04 (Commercial, Industrial)
PIC16CR54C/CR56A/CR57C/CR58B-04, 20 (Commercial, Industrial)
PIC16LCR54C/LCR56A/LCR57C/LCR58B-04 (Commercial, Industrial)

PIC16LC5X Standard Operating Conditions (unless otherwise specified)

PIC16LCR5X Operating Temperature 0°C < TA < +70°C for commercial

(Commercial, Industrial)

—40°C < TA < +85°C for industrial

PIC16C5X Standard Operating Conditions (unless otherwise specified)
PIC16CR5X Operating Temperature 0°C < TA < +70°C for commercial

(Commercial, Industrial)

—40°C < TA < +85°C for industrial

Pilrglm Symbol Characteristic/Device Min | Typt | Max | Units Conditions

VDD Supply Voltage

D001 PIC16LC5X| 2.5 — 5.5 \Y —40°C < TA <+ 85°C, 16LCR5X
2.7 — 55 \Y —40°C < TA L 0°C, 16LC5X
25 — 55 \Y 0°C < TA <+ 85°C 16LC5X
PIC16C5X RC, XT, LP and HS mode
DO01A 3.0 — 5.5 V |from O - 10 MHz
4.5 — 5.5 V | from 10 - 20 MHz
D002 VDR RAM Data Retention Volt- — 15% | — \% Device in SLEEP mode
D003 VPOR | VDD Start Voltage to ensure — Vss — \% See Section 5.1 for details on
Power-on Reset Power-on Reset
D004 SvDD | VDD Rise Rate to ensure 0.05* | — — | V/Ims | See Section 5.1 for details on
Power-on Reset Power-on Reset
Legend: Rows with standard voltage device data only are shaded for improved readability.

*  These parameters are characterized but not tested.

T Datain“Typ” column is at 5V, 25°C, unless otherwise stated. These parameters are for design guidance only, and
are not tested.

Note 1: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus loading,
oscillator type, bus rate, internal code execution pattern and temperature also have an impact on the current con-
sumption.

a) The test conditions for all IDD measurements in active Operation mode are: OSC1 = external square wave,
from rail-to-rail; all I/O pins tristated, pulled to Vss, TOCKI = VDD, MCLR = VDD; WDT enabled/disabled
as specified.

b) For standby current measurements, the conditions are the same, except that the device is in SLEEP mode.
The power-down current in SLEEP mode does not depend on the oscillator type.

3: Does not include current through RExXT. The current through the resistor can be estimated by the formula:

IR = VDD/2REXT (MA) with REXT in kQ.
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17.1 DC Characteristics:PIC16C54C/C55A/C56A/C57C/C58B-04, 20 (Commercial, Industrial)
PIC16LC54C/LC55A/LC56A/LC57C/LC58B-04 (Commercial, Industrial)
PIC16CR54C/CR56A/CR57C/CR58B-04, 20 (Commercial, Industrial)
PIC16LCR54C/LCR56A/LCR57C/LCR58B-04 (Commercial, Industrial)

PIC16LC5X Standard Operating Conditions (unless otherwise specified)

PIC16LCR5X Operating Temperature 0°C < TA £ +70°C for commercial

(CommerciaL |ndustria|) —40°C < TA < +85°C for industrial
PIC16C5X Standard Operating Conditions (unless otherwise specified)
PIC16CR5X Operating Temperature 0°C < TA < +70°C for commercial

(CommerciaL |ndustria|) —40°C < TA < +85°C for industrial
Param - . . . .

NoO Symbol Characteristic/Device Min | Typt | Max | Units Conditions

Ibb | Supply Current®3)
D010 PIC16LC5X| — 0.5 2.4 mA | Fosc = 4.0 MHz, Vpbp = 5.5V, XT and
— 11 27 pA | RC modes
Fosc =32 kHz, VbD = 2.5V, LP mode,
— 14 35 pA | Commercial
Fosc = 32 kHz, Vbp = 2.5V, LP mode,
Industrial
DO10A PIC16C5X| — 1.8 2.4 mA |Fosc =4 MHz, Vbb = 5.5V, XT and RC
— 2.6 |3.6*| mA |modes
— 4.5 16 mA |Fosc = 10 MHz, VbD = 3.0V, HS mode
— 14 32 pA | Fosc =20 MHz, Vbp = 5.5V, HS mode
Fosc = 32 kHz, Vbp = 3.0V, LP mode,
— 17 40 pA | Commercial
Fosc = 32 kHz, Vbp = 3.0V, LP mode,
Industrial

Legend: Rows with standard voltage device data only are shaded for improved readability.

*  These parameters are characterized but not tested.

T Datain“Typ” column is at 5V, 25°C, unless otherwise stated. These parameters are for design guidance only, and
are not tested.

Note 1: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus loading,
oscillator type, bus rate, internal code execution pattern and temperature also have an impact on the current con-
sumption.

a) The test conditions for all IDD measurements in active Operation mode are: OSC1 = external square wave,
from rail-to-rail; all I/O pins tristated, pulled to Vss, TOCKI = VDD, MCLR = VDD; WDT enabled/disabled
as specified.

b) For standby current measurements, the conditions are the same, except that the device is in SLEEP mode.
The power-down current in SLEEP mode does not depend on the oscillator type.

3: Does not include current through REXT. The current through the resistor can be estimated by the formula:

IR = VDD/2REXT (MA) with REXT in kQ.
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FIGURE 18-10: VTH (INPUT THRESHOLD TRIP POINT VOLTAGE) OF OSCL1 INPUT (IN XT, HS
AND LP MODES) vs. VDD

Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
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FIGURE 18-11: TYPICAL IpD vs. FREQUENCY (WDT DISABLED, RC MODE @ 20 PF, 25°C)

TYPICAL IpD vs FREQ(RC MODE @ 20pF/25C) ’ .
Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
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FIGURE 18-18: PORTA, B AND C IoL vs.
VoL, Vbb =5V
Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
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TABLE 18-2: INPUT CAPACITANCE
Typical Capacitance (pF)
Pin
18L PDIP 18L SOIC
RA port 5.0 4.3
RB port 5.0 4.3
MCLR 17.0 17.0
0OSsC1 4.0 3.5
OSC2/CLKOUT 4.3 3.5
TOCKI 3.2 2.8

All capacitance values are typical at 25°C. A part-to-part
variation of +25% (three standard deviations) should be
taken into account.
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FIGURE 20-2: TYPICAL IpD vs. VDD, WATCHDOG ENABLED (25°C)
Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
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FIGURE 20-3: TYPICAL IpD vs. VDD, WATCHDOG ENABLED (-40°C, 85°C)
Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
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