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MICROCHIP

PIC16F5X

Flash-Based, 8-Bit CM OS Microcontroller Series

High-Performance RISC CPU:

* Only 33 single-word instructions to learn

« All instructions are single cycle except for
program branches which are two-cycle

« Two-level deep hardware stack

« Direct, Indirect and Relative Addressing modes
for data and instructions

« Operating speed:
- DC - 20 MHz clock speed
- DC - 200 ns instruction cycle time

« On-chip Flash program memory:

- 512 x 12 on PIC16F54
- 2048 x 12 on PIC16F57
- 2048 x 12 on PIC16F59

e General Purpose Registers (SRAM):

- 25x 8 on PIC16F54
- 72 x 8 on PIC16F57
- 134 x 8 on PIC16F59

Special Microcontroller Features:

« Power-on Reset (POR)

« Device Reset Timer (DRT)

» Watchdog Timer (WDT) with its own on-chip
RC oscillator for reliable operation

« Programmable Code Protection

e Power-Saving Sleep mode

« In-Circuit Serial Programming™ (ICSP™)

« Selectable oscillator options:

- RC: Low-cost RC oscillator

- XT: Standard crystal/resonator

- HS: High-speed crystal/resonator

- LP: Power-saving, low-frequency crystal

« Packages:

- 18-pin PDIP and SOIC for PIC16F54

- 20-pin SSOP for PIC16F54

- 28-pin PDIP, SOIC and SSOP for PIC16F57
- 40-pin PDIP for PIC16F59

- 44-pin TQFP for PIC16F59

Low-Power Features:

* Operating Current:
- 170 uA @ 2V, 4 MHz, typical
- 15 1A @ 2V, 32 kHz, typical
« Standby Current:
- 500 nA @ 2V, typical

Peripheral Features:

« 12/20/32 1/O pins:

- Individual direction control
- High current source/sink

 8-hit real-time clock/counter (TMRO) with 8-bit
programmable prescaler

CMOS Technology:

« Wide operating voltage range:

- Industrial: 2.0V to 5.5V
- Extended: 2.0V to 5.5V

« Wide temperature range:

- Industrial: -40°C to 85°C
- Extended: -40°C to 125°C

« High-endurance Flash:

- 100K write/erase cycles
- > 40-year retention

Program Memory Data Memory Timers
Device 110 8-bi
Flash (words) SRAM (bytes) -bit
PIC16F54 512 25 12
PIC16F57 2048 72 20
PIC16F59 2048 134 32

© 2007 Microchip Technology Inc.
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NOTES:
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FIGURE 2-1: PIC16F5X SERIES BLOCK DIAGRAM
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3.6 Stack

The PIC16F54 device has a 9-bit wide, two-level hard-
ware PUSH/POP stack. The PIC16F57 and PIC16F59
devices have an 11-bit wide, two-level hardware
PUSH/POP stack.

A CALL instruction will PUSH the current value of stack 1
into stack 2 and then PUSH the current program counter
value, incremented by one, into stack level 1. If more than
two sequential CALL's are executed, only the most recent
two return addresses are stored.

A RETLW instruction will POP the contents of stack level
1 into the program counter and then copy stack level 2
contents into level 1. If more than two sequential
RETLW's are executed, the stack will be filled with the
address previously stored in level 2.

Note:  The W register will be loaded with the
literal value specified in the instruction.
This is particularly useful for the
implementation of data look-up tables
within the program memory.

For the RETLW instruction, the PC is loaded with the
Top-of-Stack (TOS) contents. All of the devices cov-
ered in this data sheet have a two-level stack. The
stack has the same bit width as the device PC, there-
fore, paging is not an issue when returning from a sub-
routine.

3.7 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 3-1: 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)

« Aread 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 3-2.

EXAMPLE 3-2: HOW TO CLEAR RAM
USING INDIRECT
ADDRESSING
MOVLW H'10' ;initialize pointer
MOVWFEF 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 (PIC16F54), 7-bit (PIC16F57)
or 8-bit (PIC16F59) wide register. It is used in conjunc-
tion 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.

PIC16F54: This does not use banking. FSR<7:5> bits
are unimplemented and read as ‘1’s.

PIC16F57: FSR<7> bitis unimplemented and read as
‘1’. 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).

PIC16F59: FSR<7:5> are the bank select bits and are
used to select the bank to be addressed

(000 =Bank 0, 001 =Bank 1, 010 = Bank 2,

011 =Bank 3, 100 =Bank 4, 101 = Bank 5,

110 =Bank 6, 111 = Bank 7).

Note: A CLRF FSR instruction may not result in
an FSR value of 00h if there are
unimplemented bits present in the FSR.

DS41213D-page 20
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5.0 RESET

The PIC16F5X devices may be reset in one of the
following ways:

e 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 condition.
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
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: wu =unchanged, x = unknown, — = unimplemented read as ‘0’.
TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH RESET
. . . . . . . . Value on Value on
Address | Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1l Bit 0 POR MCLR and
WDT Reset
03h STATUS | PA2 | PA1 | PAO | TO | PD Z DC C | 0001 1xxx|000g quuu
Legend: wu =unchanged, x = unknown, g = see Table 5-1 for possible values.

© 2007 Microchip Technology Inc.
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6.0 /O PORTS

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

6.1 PORTA

PORTA is a 4-bit I/O register. Only the low order 4 bits
are used (PORTA<3:0>). The high order 4 bits
(PORTA<7:4>) are unimplemented and read as ‘0’s.

6.2 PORTB
PORTB is an 8-bit I/O register (PORTB<7:0>).

6.3 PORTC

PORTC is an 8-bit I/O register (PORTC<7:0>) for the
PIC16F57 and PIC16F59.

PORTC is a General Purpose Register for the
PIC16F54.

6.4 PORTD

PORTD is an 8-bit I/O register (PORTD<7:0>) for the
PIC16F59.

PORTD is a General Purpose Register for the
PIC16F54 and PIC16F57.

6.5 PORTE

PORTE is an 4-bit I/O register for the PIC16F59. Only
the high order 4 bits are used (PORTE<7:4>). The low
order 4 bits (PORTE<3:0>) are unimplemented and
read as ‘0’s.

PORTE is a General Purpose Register for the
PIC16F54 and PIC16F57.

6.6 TRIS Registers

The output driver control registers are loaded with the
contents of the W register by executing the TRIS £
instruction. A ‘1’ from a TRIS register bit puts the corre-
sponding output driver in a High-Impedance (Input)
mode. A ‘0’ 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.

6.7 I/O Interfacing

The equivalent circuit for an I/O port pin is shown in
Figure 6-1. 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
corresponding direction control bit (in TRISA, TRISB,
TRISC, TRISD and TRISE) must be cleared (= 0). For
use as an input, the corresponding TRIS bit must be
set. Any 1/O pin can be programmed individually as
input or output.

FIGURE 6-1: EQUIVALENT CIRCUIT
FOR A SINGLE I/0O PIN
Data
Bus
D Q
Data
WR Latch Voo o
ort —
D
u mprARY-
Reg D Q
TRIS \V2
B Latch vss 58
TRIS f CK 6 L
Reset
Q D
E
RD Port
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7.0 TIMERO MODULE AND TMRO

REGISTER

The Timer0 module has the following features:

 8-bit Timer/Counter register, TMRO

- Readable and writable
 8-hit software programmable prescaler
« Internal or external clock select

- Edge select for external clock

Figure 7-1 is a simplified block diagram of the Timer0
module.

Timer mode is selected by clearing the TOCS bit
(OPTION<5>). In Timer mode, the Timer0 module will
increment every instruction cycle (without prescaler). If
TMRO register is written, the increment is inhibited for
the following two cycles (Figure 7-2 and Figure 7-3).
The user can work around this by writing an adjusted
value to the TMRO register.

Counter mode is selected by setting the TOCS bit
(OPTION<5>). In this mode, TimerO will increment
either on every rising or falling edge of pin TOCKI. The
incrementing edge is determined by the source edge
select bit TOSE (OPTION<4>). Clearing the TOSE bit
selects the rising edge. Restrictions on the external
clock input are discussed in detail in Section 7.1
“Using TimerO with an External Clock”.

Note:  The prescaler may be used by either the
Timer0 module or the Watchdog Timer, but

not both.

The prescaler assignment is controlled in software by
the control bit PSA (OPTION<3>). Clearing the PSA bit
will assign the prescaler to Timer0. The prescaler is not
readable or writable. When the prescaler is assigned to
the TimerO0 module, prescale values of 1:2, 1:4,..,
1:256 are selectable. Section 7.2 “Prescaler” details
the operation of the prescaler.

A summary of registers associated with the TimerQ
module is found in Table 7-1.

FIGURE 7-1: TIMERO BLOCK DIAGRAM
Data Bus
Fosc/d ——— 0
PSout 8
° 1 .
Sync with

%)) 1 — Internal TMRO Reg

TOCKI ‘ / Programmable | | ¢ Clocks PSout

pin Prescaler(2)
TOSE(1) (2 cycle delay) SYNC
s
PS2, PS1, PS0(1) PSA(1)
TOCS(1)
Note 1: Bits TOCS, TOSE, PSA, PS2, PS1 and PSO are located in Section 3.4 “Option Register”.

2: The prescaler is shared with the Watchdog Timer (Figure 7-5).

FIGURE 7-2: TIMERO TIMING: INTERNAL CLOCK/NO PRESCALER

pC 1Q1| Q2] 03| Q401 92| Q3| Q4: Q1| 92| Q3| Q4 : Q1| Q2| Q3| Q4 :Q1| Q2| Q3| Q4 :Q1| Q2| Q3| Q4 1Q1| Q2| Q3| Q4+ Q1] Q2| Q3| Q4.
(Program | ; : ! ! ﬁ I I ﬁ
Counter) PC-1 § PC X PC+1 PC+2 PC+3 X PC+4 } PC+5 PC+6 )
'Q:{éﬁcrion l MOVWF TMR0;MOVF TMRO,W,MOVF TMRO,W:MOVF TMRO,W:MOVF TMRO,W;MOVF TMRO,W, X
Timero  __TO X "~ To+1 Y " T0+2 X ' NT0___X_ ' NTO___)Y ' NTO Y~ _NT0+1 X Nio+2 X
Instruction ! : X T ! T : ? X ? : T : ? :
Executed , : ' Write TMRO ' Read TMRO ' Read TMRO ' Read TMRO ' Read TMRO ' Read TMRO '

executed reads NTO reads NTO reads NTO reads NTO +1 reads NTO + 2

© 2007 Microchip Technology Inc.
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8.0 SPECIAL FEATURES OF THE
CPU

What sets a microcontroller apart from other proces-
sors are special circuits that deal with the needs of real-
time applications. The PIC16F5X family of microcon-
trollers have a host of such features intended to
maximize system reliability, minimize cost through
elimination of external components, provide power-
saving operating modes and offer code protection.
These features are:

e Oscillator Selection

* Reset

» Power-on Reset

» Device Reset Timer

« Watchdog Timer (WDT)

* Sleep

» Code protection

e User ID locations

« In-Circuit Serial Programming™ (ICSP™)

The PIC16F5X family has a Watchdog Timer which can
be shut off only through Configuration bit WDTE. It runs
off of its own RC oscillator for added reliability. There is
an 18 ms delay provided by the Device Reset Timer
(DRT), intended to keep the chip in Reset until the

crystal oscillator is stable. With this timer on-chip, most
applications need no external Reset circuitry.

REGISTER 8-1:

The Sleep mode is designed to offer a very low-current
Power-down mode. The user can wake-up from Sleep
through external Reset or through a Watchdog Timer
time-out. Several oscillator options are also made
available to allow the part to fit the application. The RC
oscillator option saves system cost, while the LP crystal
option saves power. A set of Configuration bits are
used to select various options.

8.1 Configuration Bits

Configuration bits can be programmed to select various
device configurations. Two bits are for the selection of
the oscillator type; one bit is the Watchdog Timer
enable bit; one bit is for code protection for the
PIC16F5X devices (Register 8-1).

CONFIGURATION WORD FOR PIC16F5X

T

— | — | © | wore |Fosci|Fosco|

bit 11-4: Unimplemented: Read as ‘1’
bit 3: CP: Code Protection bit.
1 = Code protection off
0 = Code protection on
bit 2: WDTE: Watchdog Timer Enable bit
1 =WDT enabled
0 = WDT disabled
bit 1-0: FOSC1:FOSCO: Oscillator Selection bits

00 = LP oscillator
01 = XT oscillator
10 = HS oscillator
11 = RC oscillator

bit 0

Note 1. Refertothe PIC16F54, PIC16F57 and PIC16F59 Programming Specifications to determine how
to access the Configuration Word. These documents can be found on the Microchip web site at

www.microchip.com.

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = bit is cleared X = bit is unknown

© 2007 Microchip Technology Inc.
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XORLW Exclusive OR literal with W
Syntax: [label] XORLW k
Operands: 0<k<255
Operation: (W) .XOR. k = (W)
Status Affected: Z
Encoding: | 1111 [kkk | kkkk |
Description: The contents of the W register are
XOR’ed with the eight-bit literal ‘k’.
The result is placed in the W
register.
Words: 1
Cycles: 1
Example: XORLW OxAF
Before Instruction
w = O0xB5
After Instruction
w = Ox1A
XORWF Exclusive OR W with f
Syntax: [label] XORWF f,d
Operands: 0<f<31
de [0,1]
Operation: (W) .XOR. (f) — (dest)
Status Affected: Z
Encoding: | 0001 | 10df | fEfE |
Description: Exclusive OR the contents of the
W register with register ‘f'. If ‘d’ is
‘0’, 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: XORWF REG, 1
Before Instruction
REG = OxAF
w = 0xB5
After Instruction
REG =  Ox1A
w = 0xB5

DS41213D-page 52
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10.0 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 C18 and MPLAB C30 C Compilers

- MPLINK™ Object Linker/
MPLIB™ Obiject Librarian

- MPLAB ASM30 Assembler/Linker/Library
e Simulators

- MPLAB SIM Software Simulator
* Emulators

- MPLAB ICE 2000 In-Circuit Emulator

- MPLAB REAL ICE™ In-Circuit Emulator
« In-Circuit Debugger

- MPLABICD 2
» Device Programmers

- PICSTART® Plus Development Programmer

- MPLAB PM3 Device Programmer

- PICkit™ 2 Development Programmer

» Low-Cost Demonstration and Development
Boards and Evaluation Kits

10.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8/16-bit micro-
controller market. The MPLAB IDE is a Windows®
operating system-based application that contains:
« A single graphical interface to all debugging tools

- Simulator

- Programmer (sold separately)

- Emulator (sold separately)

- In-Circuit Debugger (sold separately)
« A full-featured editor with color-coded context
< A multiple project manager

» Customizable data windows with direct edit of
contents

« High-level source code debugging

« Visual device initializer for easy register
initialization

* Mouse over variable inspection

« Drag and drop variables from source to watch
windows

» Extensive on-line help

« Integration of select third party tools, such as
HI-TECH Software C Compilers and IAR
C Compilers

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
(automatically updates all project information)

« Debug using:
- Source files (assembly or C)
- Mixed assembly and C
- Machine code

MPLAB IDE supports multiple debugging tools in a
single development paradigm, from the cost-effective
simulators, through low-cost in-circuit debuggers, to
full-featured emulators. This eliminates the learning
curve when upgrading to tools with increased flexibility
and power.

© 2007 Microchip Technology Inc.
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11.0 ELECTRICAL SPECIFICATIONS FOR PIC16F54/57

Absolute Maximum Ratings("

Ambient Temperature UNAEr DIAS ..........ooi i e e e ee e e e e -40°C to +125°C
RS (o] = Lo =R =T o g] 0 T=T = (0 = TP PRPPRPPP -65°C to +150°C
Voltage on VDD with respect to Vss ............ 0V to +6.5V
Voltage 0n MCLR With 1eSPECt t0 VSSM) ...t 0V to +13.5V
Voltage on all other pins With reSPECT 10 VSS .....iiiiiiiiiiiie e -0.6V to (VDD + 0.6V)
Total POWET AISSIPAOND) ...ttt e et ee et ee e e 800 mW
MaX. CUITENE OUL OF WSS PN ...ttt ettt e e ettt e e e e e bt e e e e e nnbae e e e e ensbaeeaaeeannsseeaeeennnnens 150 mA
MaX. CUITENE INTO VDD PN 1eiiieiiiitiiee e e ettt e e e e ettt ee e e e s ettt e e e s e tb e et e e e e s aba e e eeeassaseeeeeesstseeeaesansaeseeaeasssnaeeeeasssbeaeeannsnes 100 mA
Max. current into an input Pin (TOCKI ONIY)......eiiiiiee et e e e e e e e e e eneeee e e e enees +500 pA
Input clamp current, K (VI <O OF VIS VDD) c.uuuiiiieiiiiiieie e ettt ee s esstaee e e s e sitae e e e e s stseaaeessssaeseaaeasssseeeaseassssreeeeessens +20 mA
Output clamp current, IOK (VO < 0 OF VO > VDD) ....uuiiiiaiiiiiitiae ettt e e e ettt ee e e e astieee e e s e ataee e e e e aaaaeeeeeaeaaneeeeeesaaneeeeas +20 mA

Max. output current sunk by any 1/O pin ...........c..cceevveee.

Max. output current sourced by any I/O pin
Max. output current sourced by a single I/O port (PORTA, B or C)
Max. output current sunk by a single /O port (PORTA, B or C)

Note 1. Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, may cause latch-up.
Thus, a series resistor of 50 to 100Q2 should be used when applying a “low” level to the MCLR pin rather
than pulling this pin directly to Vss.

2: Power Dissipation is calculated as follows: Pdis = VDD x {Ibb — X IoH} + > {(VDD — VOH) x lIoH} + X (VoL x loL)

TNOTICE: Stresses above those listed under “Absolute 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
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

© 2007 Microchip Technology Inc. DS41213D-page 57
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11.1 DC Characteristics: PIC16F5X (Industrial)

Standard Operating Conditions (unless otherwise specified)

DC CHARACTERISTICS Operating Temperature -40°C < TA < +85°C for industrial

Param

NoO Sym. Characteristic/Device Min. |Typt|Max. |Units Conditions
D001 |VbD |Supply Voltage 20| — | 55 \%
D002 |VDR |RAM Data Retention Voltage(l) — | 15| — V |Device in Sleep mode
D003 |VPOR |VDD Start Voltage to ensure — | Vss | — V |See Section 5.1 “Power-on Reset
Power-on Reset (POR)” for details on Power-on Reset
D004 |SvpD |VDD Rise Rate to ensure 0.05*| — | — |V/ms|See Section 5.1 “Power-on Reset
Power-on Reset (POR)” for details on Power-on Reset

D010 |Iop |Supply Current®

— | 170 | 350 | uA |Fosc =4 MHz, VbDp = 2.0V, XT or RC
mode®

— |1 0.4 | 1.0 | mA |Fosc =10 MHz, Vbp = 3.0V, HS mode
— | 1.7 | 5.0 | mA |Fosc =20 MHz, VbDp = 5.0V, HS mode
— 15 [ 22.5| pA |Fosc =32 kHz, VDD = 2.0V, LP mode,
WDT disabled

D020 |IPp  |Power-down Current®

— | 1.0 | 6.0 | tA |VDD = 2.0V, WDT enabled
— | 05| 25 | uA |VDD=2.0V, WDT disabled

* 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 tri-stated, pulled to Vss, TOCKI = Vbb, 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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11.2 DC Characteristics: PIC16F5X (Extended)
Standard Operating Conditions (unless otherwise specified)
DC CHARACTERISTICS Operating Temperature -40°C < Ta < +125°C for extended
Pilr;;lm Sym. Characteristic/Device Min. | Typt | Max. | Units Conditions
D001 |VDbD |Supply Voltage 2.0 — 55 \%
D002 |VDR |RAM Data Retention Voltage(l) — 1.5* — V  |Device in Sleep mode
D003 |VPOR |VDD Start Voltage to ensure — Vss — V |See Section 5.1 “Power-on Reset
Power-on Reset (POR)” for details on Power-on Reset
D004 |SvbD |VDD Rise Rate to ensure 0.05*| — — | VIms |See Section 5.1 “Power-on Reset
Power-on Reset (POR)” for details on Power-on Reset
D010 |[Iop |Supply Current®
— 170 | 450 | pA |Fosc =4 MHz, VbDp = 2.0V, XT or RC
mode®
— 0.4 2.0 | mA |Fosc =10 MHz, Vbp = 3.0V, HS mode
— 1.7 7.0 | mA |Fosc =20 MHz, Vbp = 5.0V, HS mode
— 15 40 HA |Fosc =32 kHz, VDD = 2.0V, LP mode,
WDT disabled
D020 |[IpD  |Power-down Current(®
— 1.0 |150| upA |VDD = 2.0V, WDT enabled
— 0.5 8.0 | WA |VDD = 2.0V, WDT disabled
* 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 tri-stated, 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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TABLE 11-1: EXTERNAL CLOCK TIMING REQUIREMENTS

Standard Operating Conditions (unless otherwise specified)
AC CHARACTERISTICS | Operating Temperature  -40°C < TA < +85°C for industrial
-40°C < TA £ +125°C for extended
Parzrgeter Sym. Characteristic Min.| Typt Max. |Units Conditions
Fosc External CLKIN Frequency® | bC | — 4.0 | MHz |XT Osc mode
DC — 20 MHz | HS Osc mode
DC — 200 kHz [LP Osc mode
Oscillator Frequency® DC | — 4.0 | MHz |RC Osc mode
0.1 — 4.0 MHz | XT Osc mode
4.0 — 20 MHz | HS Osc mode
5.0 — 200 kHz [LP Osc mode
1 Tosc External CLKIN Period® 250 — — ns | XT Osc mode
50 — — ns |HS Osc mode
5.0 — — us |LP Osc mode
Oscillator Period® 250 — — ns |RC Osc mode
250 — 10,000 | ns |XT Osc mode
50 — 250 ns |HS Osc mode
5.0 — — us | LP Osc mode
2 Tey Instruction Cycle Time@ — |4Fosc| — —
3 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 — — 5% ns |HS oscillator
— — 50* ns |LP oscillator

* These parameters are characterized but not tested.
1t Datain 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
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 11-6: TIMERO CLOCK TIMINGS - PIC16F5X
TOCKI S&k f
40 - 41
42 '
Note:  Please refer to Figure 11-2 for load conditions.

TABLE 11-4: TIMERO CLOCK REQUIREMENTS — PIC16F5X
Standard Operating Conditions (unless otherwise specified)
AC CHARACTERISTICS Operating Temperature -40°C < TA < +85°C for industrial
-40°C < TA £ +125°C for extended
Pilrg\m Sym. Characteristic Min. Typt | Max. | Units Conditions
40 TtOH |TOCKI High Pulse Width:
No Prescaler 0.5 Tey + 20* — — ns
With Prescaler 10* — — ns
41 TtOL |TOCKI Low Pulse Width:
No Prescaler 0.5 Tcy + 20* — — ns
With Prescaler 10* — — ns
42 TtOP |TOCKI Period 20 or Tcy + 40* — — ns |Whichever is greater.
N N = Prescale Value
1, 2,4,.., 256)

*

These parameters are characterized but not tested.

1t Data in the Typical (“Typ”) column is at 5.0V, 25°C unless otherwise stated. These parameters are for
design guidance only and are not tested.
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Package Marking Information (Continued)

28-Lead SOIC Example
XXXXXKXXKXXKXXKXXXXX
XXXXXXKXXXXKXXKXXXXX R
XXXXXKXXKXXKXXKXXXXX
o R YYWWNNN o R 0718CDK
28-Lead SSOP Example
XXXXXXXXXXXX PIC16F57
XXXXXXXXXXXX -E/SS (e3)
>
O R YYWWNNN o ) 0725CBK
28-Lead SPDIP (.300") Example
O XXXXXXXXKXXXXXXXX O PIC16F57 O
XXXXXXXXXXXXXXXXKX D -IP (€3)
. YYWWNNN . O717HAT
ﬁ\ MicrocHIP MicroCcHIP
40-Lead PDIP (.600")
XXXXXXXXXXXXXXXXXX PIC16F59
XXXXXXXXXXXXXXXXXX .
O XXXXXXHXXXHXXXXXXXXX D Q P (€3 O
_YYWWNNN _ 0712SAA
@Mlcnoculp MicrocHIP
44-Lead TQFP
MicrocHIP MicrocHIP
XXXXXXXXXX
XXXXXXXXXX PIC16F59
XXXXXXXXXX -04/PT (3
O YYWWNNN O 0711HAT
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44-Lead Plastic Thin Quad Flatpack (PT) — 10x10x1 mm Body, 2.00 mm Footprint [TQFP]

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
D
D1
— —
¢ — —
g —
— — E
J — —
e — —
—_ — E1
— —
=N =
N\
PRl S
b
Uutuuuuuuun i
NOTE 1 123
NOTE 2 I~
r 1
I Il
r, walninininiainlaialnlalsm
A1— AZ—T
Units MILLIMETERS
Dimension Limits MIN | NOM MAX
Number of Leads N 44
Lead Pitch e 0.80 BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.95 1.00 1.05
Standoff Al 0.05 - 0.15
Foot Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle [0} 0° 3.5° 7°
Overall Width E 12.00 BSC
Overall Length D 12.00 BSC
Molded Package Width E1l 10.00 BSC
Molded Package Length D1 10.00 BSC
Lead Thickness c 0.09 - 0.20
Lead Width b 0.30 0.37 0.45
Mold Draft Angle Top o 11° 12° 13°
Mold Draft Angle Bottom B 11° 12° 13°
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

. Chamfers at corners are optional; size may vary.

2
3. Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.25 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-076B
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PD DIt et 17,23
PICSTART Plus Development Programmer ............ccccceeuee. 56
Pinout Description - PIC16F54.........c.cccccoveeiiiiieeee e,

Pinout Description - PIC16F57.
Pinout Description - PIC16F59.

Value 0N RESEt ......oeiiiiiiiiie e
PORTB ...ttt ettt

Value 0N RESEt ......oeeiiiiiiie e
PORTC ...ttt

Value 0N RESEt ......veiiiiiiiiie et
PORTD

Value 0N RESEt ......oeiiiiiiiii e 24
PORTE

Value 0N RESEtL .......oeiiiiiiiie e 24
Power-down MOde ..........cceeeiiiiiiiiiie e 39
Power-on Reset (POR) ......coooiiiiiiiiie e 25

Register values 0N ........cccvvvevieeiiiiieee e 24
PreSCaler........eii et 35
Program COUNEET........cciii i 19
Program Memory Organization ...........cccceeevevvivieeeeeessiiennenns 13
Program Verification/Code Protection..............cccccceiiinnnne 39
Q
Q CYCIES ..t 12
R
RC OSCHlAtOr ...ttt 22
Reader RESPONSE ......cvveiviiiiiiiieee et e e ee e e 84
Read-Modify-WIe ..........cceiiiiiiie e 31
Register File Map

PICLOFSA ...t

PIC16F57...

PICLBFS9 ... e
Registers

Special FUNCON ......ccoiiiiiiie e 16

Value 0N RESEt ......oeiiiiiiiiie e 24
RESEE ... 23
ReSEt 0N BrOWN-0UL .....cccoiiiiiiiiiie i 27
RETLW . ..ottt 49
R et 50
RIRF et 50
S
SIEEP it ...37, 39,50
Software Simulator (MPLAB SIM).......cccvviveeiiiiiiiieeeeeen s 54
Special Features of the CPU.........ccccovoiiiiivieiiiiiiieeee e 37
Special Function RegiSters .........ccccovuveriiiiieiiiieeiiiee i 16
SEACK .ot 20
STATUS REQISIEN .ot 7,17

Value 0N RESEt ......oeiiiiiiiiiii e 24
SUBWE ...t 51
SWAPKE e 51

T
Timer0
Switching Prescaler Assignment ...........ccoccoeveiiieennes 36
Timer0 (TMRO) Module..........coooiieiiiiiiiiieiieee e 33
TMRO register - Value on Reset... .24
TMRO with External ClocK .........cccoooiiieiiiiiiiiieeieene 35
Timing Diagrams and Specifications
.................................................................................... 63
Timing Parameter Symbology and Load Conditions
.................................................................................... 63
TO Dt 17,23
TRIS ettt 51
TRIS REQISLEIS .ottt 29
Value 0N RESEL.......cvviiiiiiiiee e 24
W
W Register
Value 0N RESEL......eviiiiiie e 24
Wake-up from Sleep ... 23, 39
Watchdog Timer (WDT).. 37,38
PEriOd ... 38
Programming Considerations ..........ccccccoeevvvvieereeninnnns 38
Register Values on ReSet.........occvveveeeiiviiiiiieie s 24
WWW AGAIESS ..ottt 83
WWW, ON-LiNe SUPPOIT .....oeveiiiiiiiiiieeieieie e 3
X
XORLW . ..ottt 52
XORWE L.ttt 52
Z
ZEI0 (Z) DIt et 7,17
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

To:
RE:

From:

Technical Publications Manager Total Pages Sent
Reader Response

Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):

Would you like a reply? Y N

Device: PIC16F5X Literature Number: DS41213D

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4. What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Isthere any incorrect or misleading information (what and where)?

7. How would you improve this document?
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