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PIC16C5X

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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PIC16C5X

6.2 Data Memory Organization

Data memory is composed of registers, or bytes of
RAM. Therefore, data memory for a device is specified
by its register file. The register file is divided into two
functional groups: Special Function Registers and Gen-
eral Purpose Registers.

The Special Function Registers include the TMRO reg-
ister, the Program Counter (PC), the Status Register,
the 1/O registers (ports) and the File Select Register
(FSR). In addition, Special Purpose Registers are used
to control the I/O port configuration and prescaler
options.

The General Purpose Registers are used for data and
control information under command of the instructions.

For the PIC16C54, PIC16CR54, PIC16C56 and
PIC16CR56, the register file is composed of 7 Special
Function Registers and 25 General Purpose Registers
(Figure 6-4).

For the PIC16C55, the register file is composed of 8
Special Function Registers and 24 General Purpose
Registers.

For the PIC16C57 and PIC16CR57, the register file is
composed of 8 Special Function Registers, 24 General
Purpose Registers and up to 48 additional General
Purpose Registers that may be addressed using a
banking scheme (Figure 6-5).

For the PIC16C58 and PIC16CR58, the register file is
composed of 7 Special Function Registers, 25 General
Purpose Registers and up to 48 additional General
Purpose Registers that may be addressed using a
banking scheme (Figure 6-6).

6.2.1 GENERAL PURPOSE REGISTER
FILE

The register file is accessed either directly or indirectly
through the File Select Register (FSR). The FSR Reg-
ister is described in Section 6.7.

FIGURE 6-4: PIC16C54, PIC16CR54,
PIC16C55, PIC16C56,
PIC16CR56 REGISTER
FILE MAP

File Address
00h INDF®
01h TMRO
02h PCL
03h STATUS
04h FSR
05h PORTA
06h PORTB
07h PORTC®
08h
General
Purpose
Registers
1Fh

Note 1: Not a physical register. See
Section 6.7.
2: PIC16C55 only, in all other devices this
is implemented as a a general purpose
register.
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PIC16C5X

6.7 Indirect Data Addressing; INDF
and FSR Registers

The INDF Register is not a physical register.

Addressing INDF actually addresses the register

whose address is contained in the FSR Register (FSR
is a pointer). This is indirect addressing.

EXAMPLE 6-1: INDIRECT ADDRESSING

 Register file 08 contains the value 10h

» Register file 09 contains the value 0Ah

» Load the value 08 into the FSR Register

» Aread of the INDF Register will return the value
of 10h

« Increment the value of the FSR Register by one
(FSR = 09h)

» A read of the INDF register now will return the
value of OAh.

Reading INDF itself indirectly (FSR = 0) will produce
00h. Writing to the INDF Register indirectly results in a
no-operation (although STATUS bits may be affected).

A simple program to clear RAM locations 10h-1Fh
using indirect addressing is shown in Example 6-2.

EXAMPLE 6-2: HOW TO CLEAR RAM
USING INDIRECT
ADDRESSING
MOVLW H'10' ;initialize pointer
MOVWF FSR ; to RAM
NEXT CLRF INDF ;clear INDF Register
INCF FSR,F ;inc pointer
BTFSC FSR,4 ;all done?
GOTO NEXT ;NO, clear next
CONTINUE

;YES, continue

The FSR is either a 5-bit (PIC16C54, PIC16CR54,
PIC16C55, PIC16C56, PIC16CR56) or 7-bit
(PIC16C57, PIC16CR57, PIC16C58, PIC16CR58)
wide register. It is used in conjunction with the INDF
Register to indirectly address the data memory area.

The FSR<4:0> bits are used to select data memory
addresses 00h to 1Fh.

PIC16C54, PIC16CR54, PIC16C55, PIC16C56,
PIC16CR56: These do not use banking. FSR<6:5> bits
are unimplemented and read as '1's.

PIC16C57, PIC16CR57, PIC16C58, PIC16CR58:
FSR<6:5> are the bank select bits and are used to
select the bank to be addressed (00 bank 0,
01 =bank 1, 10 = bank 2, 11 = bank 3).

Indirect Addressing

(FSR)
6 5 4 3 2 1 0
HEEEEEN
- A

location select

FIGURE 6-10: DIRECT/INDIRECT ADDRESSING
Direct Addressing
(FSR) (opcode)
6 5 4 3 2 1 o0
bank select location select
- | 01

bank

10 11

00
L |
|

Addresses map back to
addresses in Bank 0.

<
-

5Fh 7Fh

Data OFh
Memory®  10p
1Fh 3Fh
Bank O Bank 1

Note 1: For register map detail see Section 6.2.

Bank 2 Bank 3

© 1997-2013 Microchip Technology Inc.
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NOTES:
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PIC16C5X

TABLE 10-2: INSTRUCTION SET SUMMARY

Mnemonic, . 12-Bit Opcode Status
Description Cycles Notes

Operands MSb Lsp | Affected
ADDWF f,d Add W and f 1 0001 1adf ffff | C,DC,Z | 1,24
ANDWF f,d AND W with f 1 0001 Oadf ffff Zz 2,4
CLRF f Clear f 1 0000 O011f ffff z 4
CLRW - Clear W 1 0000 0100 0000 z
COMF f, d Complement f 1 0010 O01df ffff Z
DECF f, d Decrement f 1 0000 11df ffff Z 2,4
DECFSZ f,d |Decrementf, Skip if O 1@ |o0010 11df ffff | None 2,4
INCF f, d Increment f 1 0010 10df ffff Z 2,4
INCFSZ  f,d |Incrementf, Skip if O 1@ |0011 11df ffff | None 2,4
IORWF f, d Inclusive OR W with f 1 0001 oO0df ffff z 2,4
MOVF f, d Move f 1 0010 oo0df ffff z 2,4
MOVWF f Move W to f 1 0000 O001f ffff None 1,4
NOP - No Operation 1 0000 0000 0000 None
RLF f, d Rotate left f through Carry 1 0011 O01df ffff C 2,4
RRF f, d Rotate right f through Carry 1 0011 oo0df ffff C 2,4
SUBWF f, d Subtract W from f 1 0000 1o0df ffff | C,DC,Z | 1,2,4
SWAPF f, d Swap f 1 0011 10df ffff None 2,4
XORWF f, d Exclusive OR W with f 1 0001 1o0df ffff Z 2,4
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b Bit Clear f 1 0100 bbbf ffff None 2,4
BSF f,b Bit Set f 1 0101 bbbf ffff None 2,4
BTFSC f,b |Bit Testf, Skip if Clear 1@ | 0110 bbbf ffff | None
BTFSS f,b |Bit Testf, Skip if Set 1@ | 0111 bbbf ffff | None
LITERAL AND CONTROL OPERATIONS
ANDLW k AND literal with W 1 1110 kkkk kkkk z
CALL k Call subroutine 2 1001 kkkk kkkk | None 1
CLRWDT k Clear Watchdog Timer 1 0000 0000 0100 | TO,PD
GOTO k Unconditional branch 2 101k kkkk kkkk None
IORLW k Inclusive OR Literal with W 1 1101 kkkk kkkk z
MOVLW k Move Literal to W 1 1100 kkkk kkkk None
OPTION k Load OPTION register 1 0000 0000 0010 | None
RETLW k Return, place Literal in W 2 1000 kkkk kkkk | None
SLEEP - Go into standby mode 1 0000 0000 0011 | TO,PD
TRIS f Load TRIS register 1 0000 0000 Offf None 3
XORLW k Exclusive OR Literal to W 1 1111 kkkk kkkk z

Note 1: The 9th bit of the program counter will be forced to a '0' by any instruction that writes to the PC except for
GOTO (see Section 6.5 for more on program counter).

2. When an I/O register is modified as a function of itself (e.g. MOVF PORTB, 1), the value used will be that
value present on the pins themselves. For example, if the data latch is '1' for a pin configured as input and
is driven low by an external device, the data will be written back with a '0'".

3: Theinstruction TRIS f, where f=5, 6 or 7 causes the contents of the W register to be written to the tristate
latches of PORTA, B or C respectively. A '1' forces the pin to a hi-impedance state and disables the output
buffers.

4: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be
cleared (if assigned to TMRO).
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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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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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13.5 Timing Parameter Symbology and Load Conditions

The timing parameter symbols have been created with one of the following formats:

1. TppS2ppS

2. TppS

T

F  Frequency T Time
Lowercase letters (pp) and their meanings:

pp _
2 to mc MCLR
ck CLKOUT osc oscillator
cy cycletime os OSC1
drt device reset timer t0 TOCKI

io /O port

wdt watchdog timer

Uppercase letters and their meanings:

S

F Fall P  Period
H High R Rise
| Invalid (Hi-impedance) V  Valid
L Low Z Hi-impedance
FIGURE 13-1: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS - PIC16CR54A

Pin |X|j
I

Vss

CL

CL= 50pF
0-15pF for OSC2 in XT, HS or LP modes when

for all pins and OSC2 for RC modes

external clock is used to drive OSC1

© 1997-2013 Microchip Technology Inc.
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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)

800
70—
R=33K ™
\
\
~— |
600
\
\\
500 R=5K __|
= T
I
S3
o 400
%]
c
\
300 — R = 10K
\\\
200
Measured on DIP Packages, T = 25°C
100
R = 100K
|
0 |

VoD (Volts)

3.0 3.5 4.0 4.5 5.0 55 6.0

IPD (1A)

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

25

2.0

15

1.0

0.5

0.0
25 30 35 40 45 50 55 6.0

T=25°C

VDD (Volts)
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FIGURE 14-19: PORTA, B AND C |oH vs.

VOH, VDD =3V

FIGURE 14-20: PORTA, B AND C |oH vs.

VOH, VDD =5V

Typical: statistical mean @ 25°C

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

-5

Min +85°C | ]

-

Typ +25°C

IoH (mA)

Max —40°C

0 0.5 1.0 1.5 2.0
VOH (Volts)

2.5

3.0

IoH (MA)

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

—40

| —

Min +85°C

Typ +25°C

Max —40°C

15 20 25 30 35 40 45 50
VoH (Volts)
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15.0 ELECTRICAL CHARACTERISTICS - PIC16C54A

Absolute Maximum Ratings(")

Ambient temperature UNAEr DIBS.........ccoiiiiiiiiiiie e -55°C to +125°C
SEOrage tEMPEIALUIE ....eiiiiiiitie ettt et e e e e ea bt e e e e eab bt et e e e e ab bbb e ee e e e sbb e e e e e e nabeeeeeanas —65°C to +150°C
Voltage on VDD with respect to Vss ............ 0to +7.5V
Voltage 0N MCLR With T@SPECE 10 VSS.........vueeeeeeseeeeeeseeeeseessee s seesesee s seesseessees s nes e eenes e e 0 to +14V
Voltage on all other pins With reSPECE 10 VSS ......cociiiiiiieeie e —0.6V to (VoD + 0.6V)
Total POWET AISSIPALONMD ..ottt 800 mW
MaX. CUITENE OUL OF WSS PN ...ttt ettt et s et e e en e e e nane e e snneeeesneees 150 mA
MaX. CUITENE MO VDD PN ..veeeitiiieiiieieetiiee sttt ettt e e st e e sttt e e sbe e e e sttt e e sabe e e s bt eeeastee e smneee e abeeeeanbeeesabeaeenbeeeesbeene 100 mA
Max. current into an input Pin (TOCKI ONIY) ....ooviiiiiiieicecee ettt ese b se b sees +500 pA
Input clamp current, K (V1 <10 OF VI 3 VDD)...o.voiouiiiieieieiieteieteiiet ettt ettt tese s bt es e se s esesessesesesenen +20 mA
Output clamp current, IOK (VO < 0 OF VO > VDD) .....coviuiieiiieiiiieieieeee ittt ssese st sse e ssassesessesessesessessessssasens +20 mA
Max. output current SUNK BY @ny 1/O PIN .....ooiiiiiiiie ettt st b e et enees

Max. output current sourced by any I/O pin
Max. output current sourced by a single 1/0 port (PORTA or B)
Max. output current sunk by a single 1/O port (PORTA OF B) .....ooiiiiiiiiieeeiiee et

Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - X IoH} + X {(VDD-VOH) x loH} + > (VoL x loL)

T NOTICE: Stresses above those listed under "Maximum Ratings" may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at those or any other conditions above those indi-
cated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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15.1 DC Characteristics: PIC16C54A-04, 10, 20 (Commercial)
PIC16C54A-041, 10I, 201 (Industrial)
PIC16LC54A-04 (Commercial)
PIC16LC54A-04I (Industrial)
PIC16LC54A-04 Standard Operating Conditions (unless otherwise specified)
PIC16LC54A-04I Operating Temperature 0°C < TA < +70°C for commercial
(Commercial, Industrial) —40°C < TA < +85°C for industrial
PIC16C54A-04, 10, 20 Standard Operating Conditions (unless otherwise specified)
PIC16C54A-041, 10I, 20l Operating Temperature 0°C < TA < +70°C for commercial
(Commerecial, Industrial) —40°C < TA < +85°C for industrial
Pilr;m Symbol Characteristic/Device Min | Typt | Max | Units Conditions
IPp | Power-down Current®
D006 PIC1I6LCSX | — 25 | 12 | pA |VDD = 2.5V, WDT enabled, Commercial
— 0.25 | 40 | pA |VDD= 2.5V, WDT disabled, Commercial
— 25 14 | pA | VDD = 2.5V, WDT enabled, Industrial
— 0.25 | 5.0 | pA |VDD =25V, WDT disabled, Industrial
DO06A PIC16C5X| — 4.0 12 pA | VDD = 3.0V, WDT enabled, Commercial
— 0.25 | 40| pA |VDD = 3.0V, WDT disabled, Commercial
— 5.0 14 | pA | VDD = 3.0V, WDT enabled, Industrial
— 0.3 | 50| pA |VDD=3.0V, WDT disabled, 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 based on characterization results at 25°C. This data is for design guidance only and
is 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 consumption.

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 = Vbb, MCLR = VbD; 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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15.2 DC Characteristics: PIC16C54A-04E, 10E, 20E (Extended)
PIC16LC54A-04E (Extended)

PIC16LC54A-04E Standard Operating Conditions (unless otherwise specified)
(Extended) Operating Temperature —40°C < TA < +125°C for extended
PIC16C54A-04E, 10E, 20E Standard Operating Conditions (unless otherwise specified)
(Extended) Operating Temperature —40°C < TA < +125°C for extended

PaNr:m Symbol Characteristic Min | Typt |Max | Units Conditions

VDD | Supply Voltage

D001 PIC16LC54A | 3.0 — |6.25| V | XT and RC modes
2.5 — |6.25| V |LP mode
DO01A PIC16C54A| 3.5 — 5.5 V |RC and XT modes
45 — 5.5 V  |HS mode
D002 VDR |RAM Data Retention Voltage® | — | 1.5+ | — | V |Device in SLEEP mode
D003 VPOR |VDD Start Voltage to ensure — Vss | — V | See Section 5.1 for details on
Power-on Reset Power-on Reset
D004 SvDD | VDD Rise Rate to ensure 0.05*| — — | VIms | See Section 5.1 for details on
Power-on Reset Power-on Reset
Ibb | Supply Current®
D010 PIC16LC54A| — 0.5 25 mA |Fosc =4.0 MHz, VDD = 5.5V,

RC® and XT modes

— 11 27 pA |Fosc = 32 kHz, VDD = 2.5V,
LP mode, Commercial

— 11 35 pA |Fosc = 32 kHz, VDD = 2.5V,
LP mode, Industrial

— 11 37 pA | Fosc =32 kHz, Vbb = 2.5V,
LP mode, Extended

DO010A PIC16C54A| — 1.8 3.3 | mA |Fosc =4.0 MHz, VDD = 5.5V,
RC® and XT modes

— 4.8 10 | mA |Fosc = 10 MHz, VbD = 5.5V,
HS mode

— 9.0 20 mA |Fosc =20 MHz, Vbp = 5.5V,
HS mode

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

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 = Vbbp, MCLR = VVDD; 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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15.5 Timing Parameter Symbology and Load Conditions

The timing parameter symbols have been created with one of the following formats:

1. TppS2ppS

2. TppS

T

F  Frequency T Time
Lowercase letters (pp) and their meanings:

pp _
2 to mc MCLR
ck CLKOUT osc oscillator
cy cycletime os OSC1
drt device reset timer t0 TOCKI

io 1/O port

wdt watchdog timer

Uppercase letters and their meanings:

S

F Fall P  Period
H High R Rise
I Invalid (Hi-impedance) V  Valid
L Low Z Hi-impedance
FIGURE 15-1: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS - PIC16C54A

CL

Pin @j
I

Vss

CL= 50 pF for all pins and OSC2 for RC modes

0-15pF for OSC2 in XT, HS or LP modes when
external clock is used to drive OSC1
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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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17.5 Timing Diagrams and Specifications

FIGURE 17-6: EXTERNAL CLOCK TIMING - PIC16C5X, PIC16CR5X

Q4 i Q1 i Q2 i Q3 X Q4 i Q1

0scC1

CLKOUT

TABLE 17-1: EXTERNAL CLOCK TIMING REQUIREMENTS - PIC16C5X, PIC16CR5X

Standard Operating Conditions (unless otherwise specified)

Operating Temperature 0°C < TA < +70°C for commercial
—40°C < TA < +85°C for industrial
—40°C < TA < +125°C for extended

AC Characteristics

Pa’\rlsm Symbol Characteristic Min | Typt | Max |Units Conditions
Fosc External CLKIN Frequency(l) DC — 4.0 | MHz | XT osc mode
DC — 4.0 | MHz |HS osc mode (04)
DC — 20 | MHz |HS osc mode (20)
DC — 200 | kHz |LP osc mode
Oscillator Frequency(? DC | — 4.0 | MHz |RC osc mode
0.45 — 4.0 | MHz |XT osc mode
4.0 — 4.0 | MHz |HS osc mode (04)
4.0 — 20 | MHz |HS osc mode (20)
5.0 — 200 | kHz |LP osc mode
1 Tosc  |External CLKIN Period® 250 | — — | ns |XT osc mode
250 — — ns [HS osc mode (04)
50 — — ns [HS osc mode (20)
5.0 — — us |LP osc mode
Oscillator Period™® 250 | — — | ns [RC osc mode
250 — 2,200| ns |XT osc mode
250 — 250 ns [HS osc mode (04)
50 — 250 | ns |HS osc mode (20)
5.0 — 200 | ps |LP osc mode

* These parameters are characterized but not tested.

1t 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.

Note 1: All specified values are based on characterization data for that particular oscillator type under standard oper-
ating 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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NOTES:
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20.0 DEVICE CHARACTERIZATION - PIC16LC54C 40MHz

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 20-1: TYPICAL IpD vs. VDD, WATCHDOG DISABLED (25°C)
Typical: statistical mean @ 25°C
Maximum: mean + 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C)
25
20
15
<
2
g
10
5.0
[
——
——
0
2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
VD (Volts)
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FIGURE 20-7: WDT TIMER TIME-OUT FIGURE 20-8: IOH vs. VOH, VDD =5V
PERIOD vs. Voo
Typical: statistical mean @ 25°C
C -~ o Maximum: mean + 3s (-40°C to 125°C)
Typical: statistical mean @ 25°C S . o o
Maximum: mean + 3s (-40°C to 125°C) Minimum: mean - 3s (-40°C to 125°C)
Minimum: mean — 3s (-40°C to 125°C) 0
50
45
|
40
Typ +125°C
35 —_
- <
o) S
E T -20
3 30 0 Typ +85°C
2
= Typ +125°C Typ +25°C
o 25 t
= ~ yp —40°C
\Tyo +85°C _30
20
T~ Type2sc
—
15
— Typ —40°C
\y —-40
10 15 20 25 30 35 40 45 50
VOH (Volts)
5.0
2.0 3.0 4.0 5.0 6.0 7.0
VDD (Volts)
Note 1: Prescaler setto 1:1.

TABLE 20-1: INPUT CAPACITANCE

_ Typical Capacitance (pF)

o 18L PDIP 18L SOIC
RA port 5.0 4.3
RB port 5.0 4.3
MCLR 17.0 17.0
OSC1 4.0 35
OSC2/CLKOUT 4.3 35
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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