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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

PIC

8-Bit

20MHz

POR, WDT

32

3KB (2K x 12)
FLASH

134x 8

2V ~ 5.5V
External

-40°C ~ 125°C (TA)
Surface Mount
44-TQFP
44-TQFP (10x10)

https://www.e-xfl.com/product-detail/microchip-technology/pic16f59-e-pt

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/pic16f59-e-pt-4428501
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

—150/TS 16949:2002 =—

Trademarks

The Microchip name and logo, the Microchip logo, Accuron,
dsPIC, KEELOQ, KEELOQ logo, microlD, MPLAB, PIC,
PICmicro, PICSTART, PRO MATE, PowerSmart, rfPIC, and
SmartShunt are registered trademarks of Microchip
Technology Incorporated in the U.S.A. and other countries.

AmpLab, FilterLab, Linear Active Thermistor, Migratable
Memory, MXDEV, MXLAB, PS logo, SEEVAL, SmartSensor
and The Embedded Control Solutions Company are
registered trademarks of Microchip Technology Incorporated
in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, CodeGuard,
dsPICDEM, dsPICDEM.net, dsPICworks, ECAN,
ECONOMONITOR, FanSense, FlexROM, fuzzyLAB,
In-Circuit Serial Programming, ICSP, ICEPIC, Mindi, MiWi,
MPASM, MPLAB Certified logo, MPLIB, MPLINK, PICkit,
PICDEM, PICDEM.net, PICLAB, PICtail, PowerCal,
Powerlnfo, PowerMate, PowerTool, REAL ICE, rfLAB,
rfPICDEM, Select Mode, Smart Serial, SmartTel, Total
Endurance, UNI/O, WiperLock and ZENA are trademarks of
Microchip Technology Incorporated in the U.S.A. and other
countries.

SQTP is a service mark of Microchip Technology Incorporated
in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2007, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

Q Printed on recycled paper.

Microchip received ISO/TS-16949:2002 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona, Gresham, Oregon and Mountain View, California. The
Company'’s quality system processes and procedures are for its PIC®
MCUs and dsPIC® DSCs, KEeLOQ® code hopping devices, Serial
EEPROMSs, microperipherals, nonvolatile memory and analog
products. In addition, Microchip’s quality system for the design and
manufacture of development systems is ISO 9001:2000 certified.

DS41213D-page ii

© 2007 Microchip Technology Inc.



PIC16F5X

Pin Diagrams

PDIP, SOIC
RA2 <[]l - 18[]<— RAL
RA3 <——»[]2 17[J<—> RAO
TOCKI —[]3 16[]<«——OSC1/CLKIN
MCLRVPP —»[]4 & 15— OSC2/CLKOUT
Vss —[]5 % 14[]<——VDD
RBO —»[]6 3 13[J=—= RB7/ICSPDAT
RBL =7 & 12[J<—> RB6/CSPCLK
RB2 «—[]8 11[]=<— RB5
RB3 «—»[]9 10[]<— RB4
SSOP
RA2 <=[e1 / 20fh<s=RAL
RA3 <02 190 <= RAO
TOCKI—=[] 3 180 <— OSC1/CLKIN
MCLR/VPP —»[ 4 3 170—» OSC2/CLKOUT
Vss —»=[5 5 16[0<— VDD
Vss —=0] 6 8 151 <— VDD
RBO = 7 = 1400 < RB7/ICSPDAT
RB1 <08 130~ RB6/ICSPCLK
RB2 <=9 12[J=—= RB5
RB3 <[] 10 110 < RB4
PDIP, 0.600"
RAO<—[T1 J 40[ J«—— TOCKI
RA1<—>| 2 39]<—> RE7
RA2<—=[13 38[ J«~—=RE6
RA3<—>E4 37]<—>RE5
GND ——={5 36 J«—=RE4
RBO<=——>]6 35[]«—— Vob
RBl=—>{]7 34[ J+~—— OSCI/CLKIN
RB2<~—>[]8 33[}— OSC2/CLKOUT
RB3<——>[]9 o 32[J«—RD7
RB4=—>]10 © 31[]«—=RD6
RBS<—[]11 & 30[J«—=RD5
RBE/ICSPCLK=—>[]12 2 29[]«—»RD4
RB7/ICSPDAT =—{ |13 28[ J«—=RD3
MCLRVPP ——=[]14 27[J«—=RD2
Voo —{ |15 26/ «—RD1
RCO-——>{]16 25— GND
RC1<—>[|17 24[J=—RDO
RC2 <—>|: 18 23 :|<—> RC7
RC3<—=[]19 22[ J«—=RC6
RC4=——=[]20 21[J*=—>RC5

RB6/ICSPCLK =—= [CIT]
RB7/ICSPDAT <-— [IT{
MCLR/VpPp — [IT]

TQFP

GND —*> 1O
GND —*>
RBO < 1
RB1 <+ 1T
RB2 <—= 1O
RB3 <= 1O
RB4 <— 1T
RB5 <— [1T]

PDIP, SOIC
N _

TOCKI ——=[]-1 28[ ] <«—— MCLR/VPP
Voo —[]2 27[]<—— OSC1/CLKIN
N/C s 26[] — 0SC2/CLKOUT
Vss —[4 25[] =— RC7
N/C Os 24[] =— RC6
RAO=—>[l6 = 23[]<—= RC5
RAl<—>[]7 L 22[]=—» RC4
RA2 «—[]38 6‘ 21[]-— RC3
RA3 <——]9 O 20[]=— RC2
RBO =—[]10 19[] == RC1
re1+~—[1 18[] ~— RCO
rB2 =—[]12 17[] =— RB7/ICSPDAT
rRB3+—[]13 16[] =— RB6/ICSPCLK
RB4 <+—>[]14 15[] =<— RB5

SSOP
vss—s=He1 -/  28h<~—WMCLRIVer

TOCKI—» 2 27[0=— OSC1/CLKIN
Vob— 3 26[0— OSC2/CLKOUT
Vop— 04 250 <= RC7
RAO=— 5 241<—= RC6
RAL=— 16 23— RC5
RA2<—>[7 PIC16F57 220<= RC4
RA3=—[]8 210 RC3
RBO < ]9 200 = RC2
RB1-=— 10 190 RC1
RB2 = 11 180 RCO
RB3 < []12 1700 <= RB7/ICSPDAT
RB4 = 13 160 = RB6/ICSPCLK
Vss —=[]14 150 <= RB5

M AN O 2 ~N o<

S S S

rrrrFrrerne > >
03I 2IISIBERRI

1 33[IJ =— OSCI1/CLKIN

2 32[II —= 0OSC2/CLKOUT

3 3113 = RD7

4 3012 =— RD6

5 PIC16F59 29[ =—= RD5

6 28[TT <—= RD4

7 273 = RD3

8 261 <—=RD2

9 2511 <-—= RD1

10 24HIT1 <+— GND

11 2311 <+— GND

Vbob — 1112
Vob — 1113

RCO =—» [1T]14
RC1 =— [IT]15
RC2 «-— [11]16
RC3 =— [11]17
RC4 -— [11]18
RC5 -— [1T]19
RC6 -— [1T]20
RC7 «— [IT]21

RDO =— [1T]22
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PIC16F5X

FIGURE 2-1: PIC16F5X SERIES BLOCK DIAGRAM
Flash 011 o-11 TOCKI Configuration Word 0SC1 0SC2 MCLR
512 X 12 (F54) . <= Stack 1 Pin
2048 X 12(F57) K=== Stack 2 “Disable” “OscC
2048 x 12(F59) PC |<—= Select”
12 Watchdog 2
%ﬁ <] Timer “Code-
Protect” Oscillator/
Instruction Timing &
Register Control
9 WDT WDT/TMRO CLKOUT |
%‘]/ 12 Time-out Prescaler
_ 8 “Sleep”
Instruction 6
Decoder
Option Reg. “Option”
Direct Address .
DZZ?@QM ﬁ From W General
~ Purpose
5 Register
File
8 Jg > ~| (SRAM)
25,72 or 134
o STATUS Bytes
[
ol TMRO || SFR
p
8
\V/ Data Bus
e o N VA s = -
From W f From W ? From W f
) 4 I 8 [ 8
4 8 * 8
TRISB |PORTB TRISC |PORTC
8 i 8
“TRIS 6" “TRIS 77
RB<7:0> RC<7:0>
PIC16F57/59
only

“TRIS 9"
RE<7:4>
PIC16F59
only

“TRIS 8”

TRISD

PORTD

RD<7:0>
PIC16F59
only
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PIC16F5X

3.2

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 (SFR)
and General Purpose Registers (GPR).

Data Memory Organization

The Special Function Registers include the TMRO
register, the Program Counter (PC), the STATUS regis-
ter, the 1/O registers (ports) and the File Select Register
(FSR). In addition, Special Purpose Registers are used
to control the 1/0 port configuration and prescaler
options.

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

For the PIC16F54, the register file is composed of 7
Special Function Registers and 25 General Purpose
Registers (Figure 3-3).

For the PIC16F57, the register file is composed of 8
Special Function Registers, 8 General Purpose
Registers and 64 additional General Purpose
Registers that may be addressed using a banking
scheme (Figure 3-4).

For the PIC16F59, the register file is composed of 10
Special Function Registers, 6 General Purpose
Registers and 128 additional General Purpose
Registers that may be addressed using a banking
scheme (Figure 3-5).

3.2.1 GENERAL PURPOSE REGISTER

FILE

The register file is accessed either directly or indirectly
through the File Select Register (FSR). The FSR
register is described in Section 3.7 “Indirect Data
Addressing; INDF and FSR Registers”.

FIGURE 3-3: PIC16F54 REGISTER FILE
MAP
File Address
00h INDF®
01lh TMRO
02h PCL
03h STATUS
04h FSR
05h PORTA
06h PORTB
07h
General
Purpose
Registers
1Fh
Note 1: Not a physical register. See Section 3.7

“Indirect Data Addressing; INDF and FSR

Registers”.
FIGURE 3-4: PIC16F57 REGISTER FILE MAP
FSR<6:5>—# 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 | |
o7h 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 O Bank 1 Bank 2 Bank 3
Note 1: Not a physical register. See Section 3.7 “Indirect Data Addressing; INDF and FSR Registers”.
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PIC16F5X

3.2.2 SPECIAL FUNCTION REGISTERS

The Special Function Registers (SFR) are registers
used by the CPU and peripheral functions to control the
operation of the device (Table 3-1).

The Special Function Registers can be classified into
two sets. The Special Function Registers associated
with the “core” functions are described in this section.
Those related to the operation of the peripheral
features are described in the section for each
peripheral feature.

TABLE 3-1: SPECIAL FUNCTION REGISTER SUMMARY

. . . . . . . . Value on Details
Address Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO Power-on
Reset on Page
N/A TRIS 1/0 Control Registers (TRISA, TRISB, TRISC, TRISD, TRISE) 1111 1111 29
N/A OPTION Contains control bits to configure Timer0 and TimerO/WDT --11 1111 18
prescaler
00h INDF Uses contents of FSR to address data memory (not a physical | xxxx xxxx 20
register)

01lh TMRO TimerO Module Register XXXX XXXX 34
02h pcL® Low order 8 bits of PC 1111 1111 19
03h STATUS PA2 | PA1 | PAO | TO | PD | z | DC \ C | 0001 1xxx 17
04h FSRG) Indirect data memory Address Pointer 111x XXXX 20
04h FSR® Indirect data memory Address Pointer 1XXX XXXX 20
04h FSR®) Indirect data memory Address Pointer XXX XKXXX 20
05h PORTA®) — — — — | RA3 | RA2 | RAL | RAO | ---- xxxx 29
06h PORTB RB7 RB6 RB5 | RB4 | RB3 RB2 RB1 RBO | xxxx xxxX 29
07h PORTC® RC7 | RC6 | RC5 | RC4 | RC3 | RC2 | RC1 | RCO | xxxx xxxx 29
08h PORTD(") RD7 RD6 RD5 | RD4 | RD3 RD2 RD1 | RDO | xxxxX XXXX 29
09h PORTE®:. ()| RE7 | RE6 | RE5 | RE4 | — — — — | xxxx ---- 29
Legend: Shaded cells = unimplemented or unused, — = unimplemented, read as ‘0’ (if applicable), x = unknown,

u = unchanged

Note 1. The upper byte of the Program Counter is not directly accessible. See Section 3.5 “Program Counter”
for an explanation of how to access these bits.

File address 07h is a General Purpose Register on the PIC16F54.

PIC16F54 only.

PIC16F57 only.

PIC16F59 only.

Unimplemented bits are read as ‘0’s.

File address 08h and 09h are General Purpose Registers on the PIC16F54 and PIC16F57.

Nogaghwh
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PIC16F5X

40 OSCILLATOR
CONFIGURATIONS

4.1 Oscillator Types

The PIC16F5X devices can be operated in four differ-
ent oscillator modes. The user can program two Con-
figuration bits (FOSC1:FOSCO) to select one of these
four modes:

e LP:  Low-power Crystal
« XT. Crystal/Resonator
« HS: High-speed Crystal/Resonator
« RC: Resistor/Capacitor

4.2 Crystal Oscillator/Ceramic
Resonators

In XT, LP or HS modes, a crystal or ceramic resonator
is connected to the OSC1/CLKIN and OSC2/CLKOUT
pins to establish oscillation (Figure 4-1). The
PIC16F5X oscillator design requires the use of a
parallel cut crystal. Use of a series cut crystal may give
a frequency outside of the crystal manufacturers
specifications. When in XT, LP or HS modes, the
device can have an external clock source drive the
OSC1/CLKIN pin (Figure 4-2).

FIGURE 4-1: CRYSTAL/CERAMIC
RESONATOR OPERATION
(HS, XT OR LP OSC
CONFIGURATION)
c1® osc1
— iy PIC16F5X
l f 1 Sleep
1 XTAL :g:RF@)
= [ To internal
- 0SC2 |0g|C
| RSOl L | |
c2® I

Note 1. See Capacitor Selection tables for
recommended values of C1 and C2.
2: A series resistor (RS) may be required.
3.  RF varies with the Oscillator mode chosen
(approx. value = 10 MQ).

TABLE 4-1: CAPACITOR SELECTION FOR
CERAMIC RESONATORS
Osc Resonator | Cap. Range | Cap. Range
Type Freq. c1 c2
XT 455 kHz 68-100 pF 68-100 pF
2.0 MHz 15-33 pF 15-33 pF
4.0 MHz 10-22 pF 10-22 pF
HS 8.0 MHz 10-22 pF 10-22 pF
16.0 MHz 10 pF 10 pF

These values are for design guidance only. Since
each resonator has its own characteristics, the user
should consult the resonator manufacturer for
appropriate values of external components.

TABLE 4-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Osc Crystal Cap.Range | Cap. Range
Type Freq. C1 Cc2
LP 32 kHz® 15 pF 15 pF
XT 100 kHz 15-30 pF 200-300 pF
200 kHz 15-30 pF 100-200 pF
455 kHz 15-30 pF 15-100 pF
1 MHz 15-30 pF 15-30 pF
2 MHz 15 pF 15 pF
4 MHz 15 pF 15 pF
HS 4 MHz 15 pF 15 pF
8 MHz 15 pF 15 pF
20 MHz 15 pF 15 pF
Note 1: For VDD >4.5V,Cl1=C2=30pFis
recommended.

These values are for design guidance only. Rs may
be required in HS mode, as well as XT mode, to
avoid overdriving crystals with low drive level specifi-
cations. Since each crystal has its own characteris-
tics, the user should consult the crystal manufacturer
for appropriate values of external components.

FIGURE 4-2: EXTERNAL CLOCK INPUT
OPERATION (HS, XTORLP

OSC CONFIGURATION)

Clock from
ext. system >O 0sCl
PIC16F5X

Open «——| OSC2

Note 1: This device has been designed to perform
to the parameters of its data sheet. It has
been tested to an electrical specification
designed to determine its conformance
with these parameters. Due to process
differences in the manufacture of this
device, this device may have different
performance characteristics than its
earlier version. These differences may
cause this device to perform differently in
your application than the earlier version of
this device.

2: The user should verify that the device
oscillator starts and performs as
expected. Adjusting the loading capacitor
values and/or the Oscillator mode may be
required.

© 2007 Microchip Technology Inc.

DS41213D-page 21



PIC16F5X

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

© 2007 Microchip Technology Inc.
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TABLE 6-1: SUMMARY OF PORT REGISTERS

Value on | _Value on

Address| Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO | Power-on | MCLR and

Reset WDT Reset
N/A TRIS 1/0 Control Registers (TRISA, TRISB, TRISC, TRISD and TRISE) | 1111 1111|1111 1111
05h PORTA — — — — RA3 RA2 RA1 RAO | ---- xxxx|---- uuuu
06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RB0O | xxxx xxXX |uuuu uuuu
07h PorRTCW | RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO | xxxx xxxxX |uuuu uuuu
08h PORTD@ | RD7 | RD6 | RD5 | RD4 | RD3 | RD2 | RD1 | RDO |xxxx xxxx |uuuu uuuu
09h PORTE® | RE7 | RE6 | RE5 | RE4 | — — — — | xxxx ----|uuuu ----
Legend: Shaded cells = unimplemented, read as ‘0’, — = unimplemented, read as ‘0’, x = unknown,

u = unchanged
Note 1: File address 07h is a General Purpose Register on the PIC16F54.
2. File address 08h and 09h are General Purpose Registers on the PIC16F54 and PIC16F57.
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7.1 Using TimerO with an External

Clock

When an external clock input is used for TimerO0, it must
meet certain requirements. The external clock
requirement is due to internal phase clock (Tosc)
synchronization. Also, there is a delay in the actual
incrementing of TimerO after synchronization.

7.1.1 EXTERNAL CLOCK

SYNCHRONIZATION

When no prescaler is used, the external clock is the
TimerO input. The synchronization of TOCKI with the
internal phase clocks is accomplished by sampling the
prescaler output on the Q2 and Q4 cycles of the inter-
nal phase clocks (Figure 7-4). Therefore, it is neces-
sary for TOCKI to be high for at least 2Tosc (and a small
RC delay of 20 ns) and low for at least 2Tosc (and a
small RC delay of 20ns). Refer to the electrical
specification of the desired device.

FIGURE 7-4:

When a prescaler is used, the external clock input is
divided by the asynchronous ripple counter-type
prescaler so that the prescaler output is symmetrical.
For the external clock to meet the sampling require-
ment, the ripple counter must be taken into account.
Therefore, it is necessary for TOCKI to have a period of
at least 4Tosc (and a small RC delay of 40 ns) divided
by the prescaler value. The only requirement on TOCKI
high and low time is that they do not violate the
minimum pulse width requirement of 10 ns. Refer to
parameters 40, 41 and 42 in the electrical specification
of the desired device.

7.1.2 TIMERO INCREMENT DELAY

Since the prescaler output is synchronized with the
internal clocks, there is a small delay from the time the
external clock edge occurs to the time the TimerO
module is actually incremented. Figure 7-4 shows the
delay from the external clock edge to the timer
incrementing.

TIMERO TIMING WITH EXTERNAL CLOCK

External Clock Input or

Prescaler Output(®) I

Q11 Q21 Q3! Q4
A

(3)
External Clock/Prescaler ) *
Output After Sampling |

Q11 Q21 Q3! Q4

P

Q11 Q21 Q31 Q4 | Q11 Q21 Q3! Q4

Small pulse
/ \__misses sampling

|
VI_

Increment Timer0 (Q4)

Timer0

T0

X To+1 X TO+2

Note 1:

External clock if no prescaler selected; prescaler output otherwise.

2: The arrows indicate the points in time where sampling occurs.

3: Delay from clock input change to TimerO increment is 3Tosc to 7Tosc (duration of Q = Tosc). Therefore, the error
in measuring the interval between two edges on Timer0 input = £ 4TOSC max.

7.2 Prescaler

An 8-bit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer (WDT), respectively (Section 8.2.1 “WDT
Period”). For simplicity, this counter is being referred
to as “prescaler” throughout this data sheet. Note that
the prescaler may be used by either the Timer0O module
or the WDT, but not both. Thus, a prescaler assignment
for the TimerO module means that there is no prescaler
for the WDT, and vice-versa.

The PSA and PS<2:0> bits (OPTION<3:0>) determine
prescaler assignment and prescale ratio.

When assigned to the Timer0 module, all instructions
writing to the TMRO register (e.g., CLRF 1, MOVWF 1,
BSF 1, x, etc.) will clear the prescaler. When assigned
to WDT, a CLRWDT instruction will clear the prescaler
along with the WDT. The prescaler is neither readable
nor writable. On a Reset, the prescaler contains all ‘0’s.
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9.0 INSTRUCTION SET SUMMARY

Each PIC16F5X instruction is a 12-bit word divided into
an opcode, which specifies the instruction type, and
one or more operands which further specify the opera-
tion of the instruction. The PIC16F5X instruction set
summary in Table 9-2 groups the instructions into byte-
oriented, bit-oriented, and literal and control opera-
tions. Table 9-1 shows the opcode field descriptions.

For byte-oriented instructions, ‘f’ represents a file
register designator and ‘d’ represents a destination
designator. The file register designator is used to
specify which one of the 32 file registers in that bank is
to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If ‘d’ is ‘0’, the result is
placed in the W register. If ‘d’ is ‘1’, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, ‘b’ represents a bit field
designator which selects the number of the bit affected
by the operation, while ‘f’ represents the number of the
file in which the bit is located.

For literal and control operations, ‘k’ represents an
8- or 9-bit constant or literal value.

TABLE 9-1: OPCODE FIELD
DESCRIPTIONS

Field Description

Register file address (0x00 to Ox1F)
Working register (accumulator)
Bit address within an 8-bit file register
Literal field, constant data or label
Don't care location (= 0 or 1)
The assembler will generate code with
X = 0. Itis the recommended form of use
for compatibility with all Microchip
software tools.
d Destination select;

d = 0 (store result in W)

d = 1 (store result in file register ‘")
Defaultisd =1

label Label name

TOS Top-of-Stack
PC Program Counter

WDT | Watchdog Timer Counter
TO | Time-out bit

PD | Power-down bit
dest Destination, either the W register or the
specified register file location

X x|o|S |-

[ ] Options

() Contents
- Assigned to

< > Register bit field
€ In the set of

italics |User defined term

All instructions are executed within one single instruc-
tion cycle, unless a conditional test is true or the
program counter is changed as a result of an instruc-
tion. In this case, the execution takes two instruction
cycles. One instruction cycle consists of four oscillator
periods. Thus, for an oscillator frequency of 4 MHz, the
normal instruction execution time would be 1 us. If a
conditional test is true or the program counter is
changed as a result of an instruction, the instruction
execution time would be 2 ps.

Figure 9-1 shows the three general formats that the
instructions can have. All examples in the figure use
the following format to represent a hexadecimal
number:

Oxhhh
where ‘h’ signifies a hexadecimal digit.

FIGURE 9-1: GENERAL FORMAT FOR
INSTRUCTIONS
Byte-oriented file register operations
11 6 5 4 0
OPCODE \ d | f (FILE #)

d = o for destination W
d = 1 for destination f
f = 5-bit file register address

Bit-oriented file register operations

1 87 5 4 0
OPCODE |b(BIT#)| f (FILE #)

b = 3-bit bit address
f = 5-bit file register address

Literal and control operations (except GOTO)

11 8 7 0
OPCODE k (literal)

k = 8-bit immediate value

Literal and control operations - GOTO instruction

1 9 8 0
OPCODE k (literal)

k = 9-bit immediate value

© 2007 Microchip Technology Inc.

DS41213D-page 41



PIC16F5X

IORLW Inclusive OR literal with W
Syntax: [label] IORLW k
Operands: 0<k<255
Operation: (W) .OR. (k) = (W)
Status Affected: Z
Encoding: | 1101 |ikkk | kkkk |
Description: The contents of the W register are
OR’ed with the eight-bit literal 'k’.
The result is placed in the W
register.
Words: 1
Cycles: 1
Example: IORLW 0x35
Before Instruction
W = O0x9A
After Instruction
W = OxBF
Z =0
IORWF Inclusive OR W with f
Syntax: [label] IORWF f,d
Operands: 0<f<3l
de [0,1]
Operation: (W).0OR. (f) — (dest)
Status Affected: Z
Encoding: | 0001 | oodf | fEff |
Description: Inclusive OR the W register with
register ‘f'. 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: IORWF RESULT, 0
Before Instruction
RESULT = 0x13
W = 0x91
After Instruction
RESULT = 0x13
w = 0x93
4 =0

MOVF Move f

Syntax: [label] MOVF f,d

Operands: 0<f<3l
de [0,1]

Operation: () — (dest)

Status Affected: Z

Encoding: | 0010 | oodf | fEff |

Description: The contents of register ‘' is
moved to destination ‘d’. If ‘d’is ‘0’,
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: MOVF  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: | 1200 |kikkk |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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MOVWF Move W to f
Syntax: [label] MOVWF f
Operands: 0<f<3l
Operation: (W) — (f)
Status Affected: None
Encoding: | 0000 | 001f | fEff |
Description: Move data from the W register to
register ‘f'.
Words: 1
Cycles: 1
Example: MOVWF TEMP REG
Before Instruction
TEMP_REG = OxFF
w = Ox4F
After Instruction
TEMP_REG = Ox4F
w = Ox4F
NOP No Operation
Syntax: [label] NOP
Operands: None
Operation: No operation
Status Affected: None
Encoding: | 0000 | 0000 | 0000 |
Description: No operation.
Words: 1
Cycles: 1
Example: NOP

OPTION Load OPTION Register
Syntax: [label] OPTION
Operands: None
Operation: (W) — OPTION
Status Affected: None
Encoding: | 0000 | 0000 | 0010 |
Description: The content of the W register is
loaded into the Option register.
Words: 1
Cycles: 1
Example: OPTION
Before Instruction
W = 0x07
After Instruction
OPTION = 0x07
RETLW Return with Literal in W
Syntax: [label] RETLW k
Operands: 0<k<255
Operation: k — (W);
TOS —» PC
Status Affected: None
Encoding: | 1000 |kikkk |kkkk |
Description: The W register is loaded with the
eight-bit literal ‘k’. The program
counter is loaded from the top of
the stack (the return address). This
is a two-cycle instruction.
Words: 1
Cycles: 2
Example: CALL TABLE;W contains
;table offset
;value.
° ;W now has table
° ;value.
TABLE .
ADDWF PC ;W = offset
RETLW k1 ;Begin table
RETLW k2 ;
L]
L]
[ ]
RETLW kn ; End of table
Before Instruction
w = 0x07
After Instruction
w = value of k8
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FIGURE 11-1: PIC16F5X VOLTAGE-FREQUENCY GRAPH, -40°C < TA < +125°C
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Note 1. The shaded region indicates the permissible combinations of voltage and frequency.
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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 11-4: CLKOUT AND I/0 TIMING — PIC16F5X
Q4 X Q1 X Q2 : Q3 i
. 110 . D T !
CLKOUT L kt\k Lo : ; /! ;
st he BRI e P |
X , ! 1<18-» , | I
AR A 29, ; . —-=—16 .
I/O Pin N ' ' , ' \
(input) N\ : o , ' : .
D le 17— r—y 15 : ! ;
I(/ocl)JtI;?)iunt) Old Value A New Value
' 20, 21 :
Note: Please refer to Figure 11-2 for load conditions.
TABLE 11-2: CLKOUT AND I/O TIMING REQUIREMENTS — PIC16F5X
Pzr:m Sym. Characteristic Min. Typt Max. Units
10 TosH2ckL |0SC1T to CLKOUTL® — 15 30%* ns
11 TosH2ckH |0SC1T to CLKOUTT® — 15 30%* ns
12 TckR CLKOUT rise time(® — 5.0 15% ns
13 TCKF CLKOUT fall time(® — 5.0 15% ns
14 TckL2ioV | CLKOUTY to Port out valid® — — 40% ns
15 TioV2ckH |Port in valid before CLKOUTT() 0.25 Tcy+30* — — ns
16 TckH2i0l | Port in hold after CLKOUTT®) o* — — ns
17 TosH2i0V |0SC1T (Q1 cycle) to Port out valid® — — 100* ns
18 TosH2i0l |0SC1T (Q2 cycle) to Port input invalid TBD — — ns
(I/O in hold time)
19 TioV20sH |Port input valid to OSC1T TBD — — ns
(I/O in setup time)
20 TioR Port output rise time@ 3) — 10 25% ns
20 TiIoR Port output rise time? %) — 10 50% ns
21 TioF Port output fall time(® 3) — 10 25 ns
21 TioF Port output fall time(@ %) — 10 50%* ns

Legend: TBD = To Be Determined.
* These parameters are characterized but not tested.
** These parameters are design targets and are not tested. No characterization data available at this time.

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.

Note 1: Measurements are taken in RC mode where CLKOUT output is 4 x Tosc.
2. Please refer to Figure 11-2 for load conditions.
3:  PIC16F54/57 only.
4: PIC16F59 only.
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FIGURE 11-5: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER TIMING — PIC16F5X
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Note 1. Please referto Figure 11-2 for load conditions.

TABLE 11-3: RESET, WATCHDOG TIMER AND DEVICE RESET TIMER - 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

Pilr:m Sym. Characteristic Min. | Typt | Max. | Units Conditions
30 TmcL |MCLR Pulse Width (low) 2000* | — — ns |VDD =5.0V
31 TwDT |Watchdog Timer Time-out Period | 9.0* | 18* | 30* | ms |VDD =5.0V (industrial)

(No Prescaler) 9.0 | 18* | 40* VDD = 5.0V (extended)
32 TDRT |Device Reset Timer Period 9.0* | 18* | 30* | ms |VDD = 5.0V (industrial)

9.0 | 18* | 40* VDD = 5.0V (extended)

34 Tioz 1/0 high-impedance from MCLR 100* | 300* |2000*| ns

Low

* 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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18-Lead Plastic Dual In-Line (P) — 300 mil Body [PDIP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at

http://www.microchip.com/packaging

N
oy P Y P Y

NOTE 1

- =
T_L T //%\/\,C

‘I L b e L L eB—=
Units INCHES
Dimension Limits MIN NOM MAX
Number of Pins N 18
Pitch e .100 BSC
Top to Seating Plane A - - .210
Molded Package Thickness A2 115 .130 195
Base to Seating Plane Al .015 - -
Shoulder to Shoulder Width E .300 .310 .325
Molded Package Width El .240 .250 .280
Overall Length D .880 .900 .920
Tip to Seating Plane L 115 .130 .150
Lead Thickness c .008 .010 .014
Upper Lead Width bl .045 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - .430
Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.

2. § Significant Characteristic.
3.
4. Dimensioning and tolerancing per ASME Y14.5M.

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.

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

Microchip Technology Drawing C04-007B
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28-Lead Plastic Shrink Small Outline (SS) — 5.30 mm Body [SSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

D

\00nnnnann0nn

L1 f=— L
Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A - - 2.00
Molded Package Thickness A2 1.65 1.75 1.85
Standoff Al 0.05 - -
Overall Width E 7.40 7.80 8.20
Molded Package Width E1l 5.00 5.30 5.60
Overall Length D 9.90 10.20 10.50
Foot Length L 0.55 0.75 0.95
Footprint L1 1.25 REF
Lead Thickness c 0.09 - 0.25
Foot Angle [0} 0° 4° 8°
Lead Width b 0.22 - 0.38

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.20 mm per side.
3. 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 C04-073B
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