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*Information contained in this publication regarding device applications
and the like is intended through suggestion only and may be super-
seded by updates. No representation or warranty is given and no
liability is assumed by Microchip Technology Inc. with respect to the
accuracy or use of such information, or infringement of patents arising
from such use or otherwise. Use of Microchip's products as critical
components in life support systems is not authorized except with
express written approval by Microchip. No licenses are conveyed,
implicitly or otherwise, under any intellectual property rights.”
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Motivated by customer
requirements....

...and powered by continuous
improvement...

...riding, leading and pushing
the wave of technological
change.

SERVING A COMPLEX AND
COMPETITIVE WORLD WITH FIELD-
PROGRAMMABLE EMBEDDED CONTROL
SYSTEM SOLUTIONS

“Microchip Technology draws its impetus from the technol-
ogy expectations of a large base of long-standing customers.
Microchip is small enough to respond quickly with technology
to serve our customers' needs. Moreover, as a fully integrated
IC manufacturer, Microchip deploys its panoply of resources
to act timely and efficiently, and on a worldwide scale: Tech-
nology Development, Design, Wafer Fabrication, Assembly
and Test, Quality, Reliability and Customer Support.

“Worldwide competition leaves no room for divergence or medi-
ocrity. Microchip Technology, committed to focus on and continu-
ously improve all the aspects of its business, has a unique
corporate culture. To improve performance, our employees are
encouraged to analyze their methods continually.  Personal
empowerment expands the capability of personal responsibility to
continually serve our customers better.

“Ourindustry’s life-line is innovation. The fastpace of technologi-
cal change is inherent in our industry. Microchip Technology has
accelerated the rate of change of its technology and products to
leadership in providing user-programmable space-sensitive em-
bedded control solutions.

“Change is our ally. Driving and managing customer-focused
change is our winning strategy.”

S}Zwescmf&h

Steve Sanghi
President & Chief Executive Officer

© 1994 Microchip Technology Inc.
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MICROCHIP |NCORPO RATED
Company Profile
HIGHLIGHTS BUSINESS SCOPE

¢ Focused on providing high-performance, field-
programmable embedded control solutions

« An experienced executive team focussed on
innovation

Offers RISC 8-bit user-programmabie microcon-
trollers and supporting logic products

« Offers Serial and Parallel EEPROMs and
EPROMs

« Complementary Application Specific Standard
Products

* Fully integrated manufacturing

« A global network of manufacturing and customer
support facilities

« A unique corporate culture dedicated to continu-
ous improvement

Chandler, Arizona:

Company headquarters near Phoenix, Arizona; execu-
tive offices, R & D and wafer fabrication occupy this
142,000-square-foot facility.

Microchip Technology Inc. manufactures and markets a
variety of VLSI CMOS semiconductor components to
support the field-programmable embedded control mar-
ket. In particular, the company specializes in highly
integrated, field-programmable RISC microcontrollers,
application specific standard products and related non-
volatile memory products to meet growing market re-
quirements for high performance, yet economical em-
bedded control capability in an increasing number of
price-sensitive products. Microchip's products feature
the industry’s most economical OTP (one-time program-
mable) capability, along with the compact size, inte-
grated functionality, ease of development and technical
support so essential to timely and cost-effective product
development by our customers.

MARKET FOCUS

Microchip targets selected markets where our advanced
designs, progressive process technology and industry
leading operating speeds enable us to deliver decidedly
superior performance. The company has positioned
itself to maintain a dominant role as a supplier of high
performance field-programmable microcontrollers and
associated memory and logic products for embedded
control applications.

Tempe, Arizona:
New 170,000-square-foot wafer fabrication facility.

© 1994 Microchip Technology Inc.
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FULLY INTEGRATED
MANUFACTURING

A GLOBAL NETWORK OF
PLANTS AND FACILITIES

A PRODUCT FAMILY OF
SHARED STRENGTHS

MICROCONTROLLERS

ROM EPROM  EEPROM

PICI7CXX

PIC16CXX

PIC18CSX

Onboard Memory Technology =

CMOS PIC16/17
Microcontroller Families

Microchip delivers fast tumaround through total control over all phases of
production. Research and development, design, mask making, wafer fabrica-
tion, assembly and quality assurance testing are conducted at facilities
owned and operated by Microchip. Our integrated approach to manufacturing
along with rigorous use of advanced statistical process control (SPC) and a
continuous improvement culture has brought forth tight product consistency
levels and high yields which enable Microchip to compete successfully in
world markets. Microchip’s unique approach to SPC provides customers with
excellent costs, quality, reliability and on-time delivery.

Microchip is a global competitor providing local service to the world's
technology centers. The Company’s focal point is the design and technology
advancement facility in Chandler, Arizona. Product and technology develop-
ment is here, along with front-end wafer fabrication and electrical probing.

In late 1993, Microchip purchased a second wafer fabrication facility in
Tempe, Arizona - thirteen miles from its existing Chandler, Arizona, opera-
tions. The additional 170,000 square foot facility will be equipped with
process equipment for use in meeting future production volumes beyond
those which could be efficiently produced in Microchip’s single existing wafer
facility. Initial production from the new Tempe facility is anticipated to begin
by late 1994.

Microchip's assembly and test facility in Kaohsiung, Taiwan houses the
technology and modern assembly methods necessary for plastic and ceramic
packaging. Other quality-conscious firms which fabricate wafers in the
Pacific Rim use Microchip’s Kaohsiung plant for assembly.

Sales and application offices are located in key cities throughout the Westem
Hemisphere, Pacific Rim and Europe. Offices are staffed to meet the high
quality expectations of our customers, and can be accessed for technical
support, purchasing information and failure analysis.

Microchip’s product focus is CMOS field-programmable microcontrollers,
non-volatile memories and peripherals, and application specific standard
products (ASSP). These product lines include PIC16/17 microcontrollers,
Serial and Parallel EEPROMS, high-speed EPROMS, and peripherals in a
broad range of product densities, speeds and packages.

PIC16/17 microcontrollers from Microchip combine high performance, low
cost and small package size. They offer the best price/performance ratio in
the industry. Large numbers of these devices are used in automotive and
cost-sensitive consumer products, computer peripherals, office automation,
automotive control systems, security and telecommunication applications.

The widely-accepted CMOS PIC16CXX and PIC17CXX families are the
industry's only 8-bit microcontrollers using a high-speed RISC architecture.
Microchip pioneered the use of RISC architecture to obtain high speed and
instruction efficiency. The CMOS PIC16CXX family is in high-volume
production, with more than 60 million units shipped, and has achieved more
than five thousand design wins worldwide.

The PIC17CXX family offers the world's fastest execution performance of any
8-bit microcontroller family. The PIC17CXX family extends the PIC16/17
microcontroller's high-performance RISC architecture with a 16-bit instruc-
tion word, enhanced instruction set and powerful vectored interrupt handling
capabilities. The first member of the family, the PIC17C42, includes a
powerful array of intelligent and precise on-chip peripheral features that are
ideally suited for many demanding real-time embedded control applications
including motor control, process control, security, automotive and medical
applications. In addition, the PIC17C42 can function either as a stand-alone
microcontroller or can execute instructions from up to 64K words of external

© 1994 Microchip Technology Inc.
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DEVELOPMENT SYSTEMS

SOFTWARE SUPPORT

SERIAL EEPROMS

PARALLEL EEPROMS

programmemory. The PIC17C42features comprehensivetimer/counter
resources and I/O handling capabilities to address the requirements of
complex embedded control applications.

Current CMOS PIC16/17 microcontroller product families include ad-
vanced features such as sophisticated timers, embedded A/D, extended
instruction/data memory, inter-processor communication and ROM,
EPROM and EEPROM memories.

Both PIC16CXX and PIC17CXX families are supported by user-friendly
development systems including programmers and emulators.

The PICMASTER™ is an advanced real-time in-circuit emulator system
using the user-friendly Windows™ software environment. The
PICMASTER is a Microchip-designed universal emulator for both
PIC16CXX and PIC17CXX families. The PRO MATE™ is an advanced
full-featured programmer. PICSTART™ is a low-cost development kit
which includes an assembler, simulator and programmer.

Both PIC16/17 microcontroller families are supported by assemblers,
linker/loaders, libraries and a source-level debugger. The PIC16CXX
family is also supported by a software simulator.

Customers can obtain on-line updates on Microchip Development Sys-
tems and Support Software via the Bulletin Board System (BBS). Please
refer to the Microchip BBS product brief in Section 9 for specific access
information.

Microchip offers one of the broadest selections of CMOS Serial EEPROMs
on the market for embedded control systems. Serial EEPROMs are
availabie in variety of densities, operating voltages, bus interface proto-
cols, operating temperature ranges and space saving packages. The
company has developed the world's first 64K Smart Serial™ EEPROM
which currently offers four times the speed, four times the memory and
four times the features of any competitive 2-wire Serial EEPROM.
Device denstties range from 256K bits up to 64K bits. Inaddition to 5 volt-
only operation, Microchip offers Serial EEPROMs that read and write
down to 2.5, 2 or 1.8 volts. 12C™, Microwire™ and 4-wire bus interface
protocols are standard. Devices come in three standard operating
temperature ranges; commercial, industrial and automotive. Small
footprint packages include: 8-lead DIP, 8-lead SOIC in JEDEC and EIAJ
body widths and 14-lead SOIC. Other key features of the Serial
EEPROM product lineinclude: electrostatic discharge (ESD) protection
greater than 4K volts and endurance of 100K cycles minimum and one
million typical.

Microchip is a high-volume supplier of Serial EEPROMs to all the major
markets worldwide, including consumer, automotive, industrial, com-
puter and communications. To date, more than 100 million units have
been produced. Microchip is continuing to develop additional unique
Serial EEPROMs.

The CMOS Parallel EEPROM devices from Microchip are available in
4K, 16K and 64K densities. The manufacturing process used for these
EEPROMSs ensures 10,000 to 100,000 write and erase cycles typically.
Data retention is more than 10 years. Fast write times are less than 200
usec. These EEPROMs work reliably under demanding conditions and
operate efficiently at temperatures from —40°C to +125°C. Microchip’s
expertisein advanced SOIC, TSOP and VSOP surface mount packaging
supports our customers’ needs in space-sensitive applications.

L —
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3 Typical applications include computer peripherals, engine control, pattem
recognition and telecommunications.

EPROMS Microchip’s CMOS EPROM devices are produced in densities from 64K to
‘ 512K. High Speed EPROMSs have access times as low as 55 nanoseconds.
Typical applications include computer peripherals, instrumentation, and
automotive devices. Microchip’s expertise in Surface Mount Packaging on
SOIC, TSOP and VSOP packages led to the development of the Surface
Mount one-time-programmable (OTP) EPROM market where Microchip is
the #1 supplier today. Microchip is also a leading supplier of low-voltage
EPROMs for battery powered applications.

APPLICATION SPECIFIC Microchip’s new Application Specific Standard Product (ASSP) Division
STANDARD PRODUCTS provides value-added embedded control solutions by combining PIC16/17

microcontroller architecture with innovative software, silicon and assembly
(ASSP) technology. These products incorporate technology that will offer a com-

plete solution that is both unigue to the customer and standard in manufac-
ture to Microchip. The mission of this family is to offer a complete solution
which reduces or removes the barriers for customers to use Microchip
solutions in their products through the use of software embedded in secure
OTP-orROM-based microcontrollers. The family is packagedto provide the
highest integration to the customer at the best overall system cost.

The MTA11XXX family is the most accurate and most integrated battery
management and charging solution available today. The family incorpo-
rates Microchip/SPAN patented TrueGauge™ technology which digitally
integrates battery charge and discharge currentto provide an accurate (<3%
typical) state of charge indication. The family operates with NiCd and NiMH
battery packs from 3 Vdc to 30 Vdc. These products are ideal for portable
PC, cellular phone and portable consumer product applications.

Ease of use, low voltage and low cost make the MTA41XXX mouse and
trackball MCU firmware solutions ideal for implementing new designs for
both PCs and Apple®computers. The products inthe MTA41XXX family are
18-lead, low-power CMOS microcontroller ICs combined with apptication-
specific software. By adding a few external components, the usercan easily
realize a complete mouse or trackball system.

The MTA810XX PICSEE™ tamily of cost-effective system solutions inte-
grate PIC16/17 microcontrollers with EEPROM technology. These PICSEE
devices are ideally suited for automotive security, keyless entry, remote
control, data acquisition and telecommunication applications. The com-
bined product assembly techniques provide the user the highest perfor-
mance solution in a compact and cost-effective package.

Future ASSP products will include advanced features such as mixed analog
and digital capability as well as an ever broadening family of turmkey
software solutions for the embedded control market.

OTHER MICROCHIP Other Microchip products, such as Liquid Crystal Display Drivers, are

PRODUCTS mature products with proven trackrecordand a large, repeat customer base.

A HISTORY OF Microchip has a long history of innovation in the semiconductor industry. For

INNOVATION more than a quarter century, Microchip and its former parent company have
been developers of leading-edge, cost-effective logic and memory prod-
ucts.

Microchip is credited with a number of firsts: The Metal-Oxide-Silicon (MOS)
Integrated Circuit, DRAM, Serial EEPROM, Reduced Instruction Set Com-
puter (RISC) microcontrolier product family, UART, CMOS 64K EEPROM,
and CMOS single chip DSP are alf innovations that were originally devel-
oped and introduced by Microchip engineers.

© 1994 Microchip Technology inc. DS000271-page 7
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CHANDLER, AZ FACILITY

Chandler Wafer Fabrication: Diffusion Area Chandler Wafer Fab: Sub-micron Alignment Area

TAIWAN FACILITY

Microchip’s assembly and test operation in Kaohsiung, Taiwan
received the prestigious Ishikawa Award for assem bly and testing
excellence.

The Microchip Kaohsiung plant's excellent
track record and continuing efforts to achieve
higher levels of quality and technological ad-
vancement has resulted in superior yields and
fast turnaround.

DS000271-page 8 © 1994 Microchip Technology Inc.
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FUTURE PRODUCTS AND New process technology is constantly being developed for microcontroller,

TECHNOLOGY ASSP, EEPROM and high-speed EPROM prqduct§. Advanced process
technology modules are being developed that will be integrated into present
product lines to continue to achieve a range of compatible processes. Current
production technology utilizes dimensions down to 0.9 microns.

Microchip’s research and development activities, include exploring new
process technologies and products that have industry leadership potential.
Particular emphasis is placed on products that can be put to work in high-
performance broad-based markets.

Equipment is continually updated to bring the most sophisticated process,
CAD and testing tools on line. Cycle times for new technology development
are continuously reduced by using in-house mask making, a high-speed pilot
line within the manufacturing facility and continuously improving methodolo-
gies.

More advanced technologies are under development, as well as advanced
CMOS RISC-based microcontrolier, ASSP and CMOS EEPROM and EPROM
products. Objective specifications for new products are developed by
listening to our customers and by close cooperation with our many customer-

partners worldwide.
QUALITY WITHOUT Product reliability is designed into Microchip products at the outset. Wide
COMPROMISE design margins are established to guarantee that every product can be
produced easily, error-free and within the tolerances of the manufacturing
process.

Al quality assurance tests are tighter than customer specifications. Products
are tested at least two machine tolerances tighter than those specified by the
customer.

Every new productis qualified under accelerated stresstesting. Testsamples
encompass the full range of processed tolerances at each step. Data sheets
detailing these processes enable customers to reach accurate decisions
based on known quantitative values.

To determine whether a process is within normal manufacturing variation,
industry-leading statistical control techniques are put to work ateach process
step. In-process controls are performed by operators in the wafer fabrication
division and immediate corrective action is taken if they deem a process is out
ot tight control limits. Products are also sampled weekly through a variety of
carefully monitored stress and accelerated life tests.

Microchip’s documentation control program assures the correct document is
always available at the point of use. Active documents are serialized and
stamped to eliminate the possibility of performing a job from obsolete or
incorrect instructions.

Individuals in all departments continuously analyze the methods employed at
their positions and formulate plans to improve performance. Inall areas of our
business, everyone is expected to make continuous improvement.

A QUALITY AND Microchip works together with customers to establish mutual programs to
RELIABILITY ALLIANCE improve the performance of our products in their systems. We go beyond the

incoming inspection level and specification by extending our quality and
WITH CUSTOMERS reliability supportto the pointwhere the customer ships the system. Microchip’s

quality programs ensure that our products can be used with such impunity, a
customer can implement improvement programs based on Microchip as your
leading supplier.

© 1394 Microchip Technology Inc. DS000271-page 9
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MicrocHIP P I C 1 6C5X

EPROM-Based 8-Bit CMOS Microcontroller Series

FEATURES « Oscillator Start-up Timer
« Watchdog Timer (WDT) with its own on-chip RC
High-Performance RISC-like CPU oscillator for reliable operation
* Only 33 single word instructions to leam « Security EPROM fuse for code-protection
« All single cycle instructions (200ns) except for * Power saving SLEEP mode
program branches which are two-cycle « EPROM fuse selectable oscillator options:
» Operating speed: DC - 20 MHz clock input - Low-cost RC oscillator: RC
DC - 200ns instruction cycie - Standard crystal/resonator: XT
« 12-bit wide instructions - High-speed crystal/resonator: HS
» 8-bit wide data path - Power saving, low frequency crystal: LP
¢ 512 - 2K x 12 on-chip EPROM program memory
« 25 - 72 x 8 general purpose registers (SRAM) CMOS Technology
» Seven special function hardware registers « Low-power, high-speed CMOS EPROM technology
« Two-level deep hardware stack * Fully static design
« Direct, indirect and relative addressing modes for data « Wide-operating voltage range:
and instructions - Commercial: 2.5V to 6.25V
- Industrial: 2.5V to 6.25V
Peripheral Features - Automotive: 2.5V to 6.0V
« 12 - 20 l/O pins with individual direction control * Low-power consumption
« 8-bit real time clock/counter (RTCC) with 8-bit - < 2mA typical @ 5V, 4 MHz
programmable prescaler - 15pA typical @ 3V, 32 KHz
* Power-On Reset - < 3pA typical standby current @ 3V, 0°C to 70°C
FIGURE A - PIN CONFIGURATIONS
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PIC16C5X Series

1.0 GENERAL DESCRIPTION

The PIC16C5X from Microchip Technology is a family
low-cost, high-performance, 8-bit, fully static, EPROM-
based CMOS microcontrollers. It employs a RISC-like
architecture with only 33 single word/single cycle in-
structions to leam. All instructions are single cycle
(200ns) except for program branches which take two
cycles. The PIC16C5X delivers performance an order of
magnitude higher than its competitors in similar price
category. The 12-bit wide instructions are highly sym-
metrical resulting in 2:1 code compression over other
8-bit microcontrollers in its class. The easy to use and
easy to remember instruction set reduces development
time significantly.

The PIC16C5X products are equipped with special
microcontroller like features that reduce system cost
and power requirements. The Power-On Reset and
oscillator start-up timer eliminate the need for extemal
reset circuitry. There are four oscillator configurations to
choose from, including the power-saving LP (Low Power)
oscillator and cost-saving RC oscillator. Power saving
SLEEP mode, watchdog timer and code protection
features improves system cost, power and reliablity.

The UV-erasable cerdip-packaged versions are ideal for
code development, while the cost-effective One Time

TABLE 1.0.1 - OVERVIEW OF PIC16C5X DEVICES

Programmable (OTP) versions are suitable for produc-
tion in any volume. The customer can take full advan-
tage of Microchip’s price leadership in OTP microcon-
troller while benefiting from the OTP flexibility.

The PIC16C5X products are supported by an assem-
bler, a software simulator, an in-circuit emulator and a
production quality programmer. All the tools are sup-
ported by IBM PC® and compatible machines.

1.1 Applications

The PIC16C5X series fits perfectly in applications rang-
ing from high-speed automotive and appliance motor
control to low-power remote transmitters/receivers, point-
ing devices and telecom processors. The EPROM tech-
nology makes customization of application programs
(transmitter codes, motor speeds, receiver frequencies,
etc.) extremely fast and convenient. The small footprint
packages for through hole or surface mounting make
this microcontroller series perfect for all applications
with space limitations. Low-cost, low-power, high perfor-
mance, ease of use and VO flexibility make the PIC16C5X
series very versatile even in areas where no
microcontroller use has been considered before (e.g.
timer functions, replacement of “glue” logic in larger
systems, co-processor applications).

Part # EPROM | RAM* | VO | Package Options

PIC16C54| 512x 12 | 32x8 | 12 | 18L windowed CERDIP, 18L PDIP, 18L SOIC (300 mil), 20L SSOP

PIC16C55| 512x12 | 32x8 | 20 | 28L windowed CERDIP, 28L PDIP (600 mil), 28L PDIP (300 mil),
28L SOIC (300 mil), 28L SSOP

Pici6cs6| 1K x12 | 32x8 | 12 | 18L windowed CERDIP, 18L PDIP, 18L SOIC (300 mil), 20L SSOP

PIC16C57{ 2K x12 | 80x8 | 20 | 28L windowed CERDIP, 28L PDIP (600 mil), 28L PDIP (300 mil),
28L SOIC (300 mil), 28L SSOP

* Including special function registers.

2.0 ARCHITECTURAL DESCRIPTION

2.1 Harvard Architecture

The PIC16C5X single-chip microcomputers are low-
power, high-speed, full static CMOS devices containing
EPROM, RAM, /O and a central processing unit on a
single chip.

The architecture is based on a register file concept with
separate bus and memories for data and instructions
(Harvardarchitecture). The databus andmemory (RAM)
are 8-bits wide, while the program bus and program
memory (EPROM) have a width of 12-bits. This concept
allows a simple yet powerful instruction set designed to
emphasize bit, byte and register operations under high
speed with overlapping instruction fetch and execution

cycles. That means that, while one instruction is ex-
ecuted, the following instruction is already being read
from the program memory. A block diagram of the
PIC16C5X series is given in Figure 2.1.1.

2.2 Clocking Scheme/lnstruction Cycle

The clock input (from pin OSC1) is intemally divided by
four to generate four non overlapping quadrature clocks
namely Q1, Q2, Q3 and Q4. intenally, PC is incre-
mented every Q1, instruction is fetched from program
memory and latched into instruction register in Q4. Itis
decoded and executed during the following Q1 through
Q4. The clocks and instruction execution flow is shown
in Figure 2.2.1.

© 1994 Microchip Technology Inc.
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PIC16C5X Series

FIGURE 2.1.1 - PIC16C5X SERIES BLOCK DIAGRAM

9- 1 RTCC 0SC1 0SC2 MCLR
EPROM 9-11 STACK 1 PIN CONFIGURATION EPROM
12X 12T
oty STACK 2 . . "0s¢
Fe SELECT
I‘z WATCHDOG
OSCILLATOR/
INSTRUCTION TIMING &
REGISTER CONTROL
o ) WOT TIME WDT/RTCC CLKOUT
12 our PRESGALER [
1 *SLEEP*
INSTRUCTION 6
ik OPTION REG. “OPTION®
DIRECT ADDRESS
l__— DIRECT RAM
ADDRESS FROM W
r s GENERAL
1° PURPOSE
REGISTER
2 - FILE
é STATUS .
: B 3
8
ATA BUS
| ALY PR 4 D > B B X
FROM W o

8
THeE-[trsa | porre] TREL
8

RBO-RB7

RCO-RC7
(PIC16C55/C57
ONLY)

TABLE 2.1.1 - PIN FUNCTIONS

Name Function

RAQ - RA3 1/0 PORTA

RBO - RB7 /O PORTB

RCO - RC7 1/0 PORTC (C55/57 only)
RTCC Real Time Clock/Counter
MCLR Master Clear
OSC1/CLKIN Oscillator (input)
0SC2/CLKOUT Oscillator (output)

Voo Power supply

Vss Ground

N/C No (internal) Connection

2.3 Data Register File

The 8-bit data bus connects two basic functional ele-
ments together: the Register File composed of up to 80
addressable 8-bit registers including the I/O Ports, and
an 8-bit wide Arithmetic Logic Unit. The 32 bytes of RAM
are directly addressable while a *banking® scheme, with
banks of 16 bytes each, is employed to address larger
data memories (Figure 4.2.1). Data can be addressed
direct, orindirect using the file select register. Immediate
data addressing is supported by special "literal" instruc-
tions which load data from program memory into the W
register.

The register file is divided into two functional groups:
operational registers and general purpose registers.
The operational registers include the Real Time Clock
Counter (RTCC) register, the Program Counter (PC),
the Status Register, the /O registers (PORTSs) and the
File Select Register. The general purpose registers are
used for data and control information under command of
the instructions.

In addition, special purpose registers are used to control
the I/O port configuration and the prescaler options.

24 Arithmetic/l.ogic Unit (ALU)

The 8-bit wide ALU contains one temporary working
register (W Register). It performs arithmetic and Bool-
ean functions between data held in the W Register and
any file register. It also does single operand operations
on either the W register or any file register.

2.5 Program Memory

Up to 512 words of 12-bit wide on-chip program memory
(EPROM) can be directly addressed. Larger program
memories can be addressed by selecting one of up to
four available pages with 512 words each (Figure 4.3.1).
Sequencing of microinstructions is controlled via the
Program Counter (PC) which automatically increments

DS30015K-page 4
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PIC16C5X Series

FIGURE 2.2.1 - CLOCKS/INSTRUCTION CYCLE
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to execute in-line programs. Program control opera- 3.2 One-Time-Programmable (OTP) Devices

tions, supporting direct, indirect, relative addressing
modes, can be performed by Bit Test and Skip instruc-
tions, Call instructions, Jump instructions or by loading
computed addresses into the PC. in addition, an on-chip
two-level stack is employed to provide easy to use
subroutine nesting.

3.0 PIC16C5X SERIES OVERVIEW

A wide variety of EPROM and RAM sizes, number of
I/0 pins, oscillator types, frequency ranges and packag-
ing options are available. Depending on application and
production requirements the proper device option can
be selected using the information and tables in this
section. When placingorders, please use the "PIC16C5X
Product Identification System® on the back page of this
data sheet to specify the correct part number.

3.1 UV Erasable Devices

Four different device versions, as listed in Table 1.0.1,
are available to accommodate the different EPROM,
RAM, and /O configurations. These devices are optimal
for prototype development and pilot series. The desired
oscillator configuration is EPROM programmable as
"RC","XT*,"HS" or "LP". An erased device is configured
as "RC" type by default. Depending on the selected
oscillator type and frequency, the operating supply volt-
age must be within the same range as a OTP/QTP part
would be specified for.

The availability of OTP devices is especially useful for
customers expecting frequent code changes and up-
dates. OTP devices have the oscillator type pre-config-
ured by the factory, and they are tested only for this
special configuration (including voltage and frequency
ranges, current consumption).

The program EPROM is erased, allowing the user to
write the application code into it. In addition, the watch-
dog timer can be disabled, and/or the code protection
logic can be activated by programming special EPROM
fuses. The 16 special EPROM bits for 1D code storage
are also user programmable.

3.3 Quick-Turnaround-Production (QTP)
Devices

Microchip offers aQTP Programming Service for factory
production orders. This service is made available for
users who chose not to program a medium to high
quantity of units and whose code pattems have stabi-
lized. The devices are identical to the OTP devices but
with all EPROM locations and fuse options already
programmed by the factory. Certain code and prototype
verification procedures do apply before production ship-
ments are available. Piease contact your Microchip
Technology sales office for more details.

© 1994 Microchip Technology Inc.
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PIC16C5X Series

4.0 OPERATIONAL REGISTER FILES
4.1 Indirect Data Addressing(INDF)

This is not a physically implemented register. Address-
ing INDF calls for the contents of the File Select Register
to be used to select a file register. INDF is useful as an
indirect address pointer. For example, in the instruction
ADDWF INDF, W will add the contents of the register
pointed to by the FSR to the content of the W Register
and place the result in W.

If INDF itself is read through indirect addressing (i.e.
FSR = 0h), then 00h is read. If INDF is written to via
indirect addressing, the result will be a NOP.

4.2 Real Time Clock/Counter Register (RTCC)
This register can be loaded and read by the program as
any other register. In addition, its contents can be
incremented by an external signal edge applied to the
RTCC pin, or by the intemal instruction cycle clock

(CLKOUT=fosc/4). Figure 4.1.1 is a simplified block
diagram of RTCC.

An 8-bit prescaler can be assigned to the RTCC by
writing the proper values to the PSA bit and the PS bits
in the OPTION register. OPTION register is a special
register (not mapped in data memory) addressable
using the 'OPTION' instruction. See Section 7.5 for
details. If the prescaler is assigned to the RTCC,
instructions writing to RTCC (e.g. CLRF RTCC, or BSF
RTCC,5, ...etc.) clear the prescaler.

The bit "RTS* (RTCC signal Source) in the OPTION

register determines if RTCC is incremented interally or
extemally.

RTS=1: The clock source for the RTCC or the pres-
caler, if assignedto it, is the signal onthe RTCC
pin. Bit 4 of the OPTION register (RTE) deter-
mines, if an increment occurs on the falling
(RTE=1) or rising (RTE=0) edge of the signal
presented to the RTCC pin.

RTS=0: The RTCC register or its prescaler, respec-
tively, will be incremented with the internal
instruction clock (= Fosc/4). The "RTE" bitin the
OPTION register and the RTCC pin are "don't
care" in this case. The RTCC pin must not be
left floating (tie to either Vop or Vss). This
prevents unintended entering of test modes
and to reduce the current consumption in low
power applications.

As long as clocks are applied to the RTCC (from intemal
or external source, with or without prescaler), RTCC
keeps incrementing and just rolls over when the value
*FFh* is reached. All increment pulses for RTCC are
delayed by two instruction cycles. After writing to RTCC,
for example, no increment takes place for the following
two instruction cycles. This is independent if internal or
external clock source is selected. if a prescaler is as-
signed to the RTCC, the output of the prescaler will be
delayed by two cycles before RTCC is incremented.
This is true for instructions that either write to or read-
modify-write RTCC (e.g. MOVF RTCC, CLRF RTCC).
For applications where RTCC needs to be tested for
zero without affecting its count, use of MOVF RTCC, W
instruction is recommended. Timing diagrams in Figure
4.2.2 show RTCC read, write and increment timing.

2.1 TCC WITH RNA

When external clock input is used for RTCC, it is syn-
chronized with the internal phase clocks. Therefore, the
external clock input must meet certain requirements.
Also, there is some delay from the occurance of the
external clock edge to the actual incrementing of RTCC.
Referring to Figure 4.1.1, the synchronization is done
after the prescaler. The output of the prescaler is
sampled twice in every instruction cycle to detect rising
or falling edges. Therefore, it is necessary for Psout to
be high for atleast 2 tosc and low for atleast 2 tosc where
tosc = oscillator time period.

FIGURE 4.1.1 - RTCC BLOCK DIAGRAM (SIMPLIFIED)

DATA BUS
RTCC fosc/4 0 1 E s
PIN
SYNC WITH
1 INTERNAL RTCC (8)
cLocks | eV
PROGRAMMABLE
RTE RTS PRESCALER (2 CYCLE DELAY)
PS2, PSt, PSO PSA
Notes: 1. Bits, RTE, RTS, PS2, PS1, PSO0 are located in option register.
2. The prescaler is shared with Watchdog Timer (see Figure 9.0.1).
DS30015K-page 6 © 1994 Microchip Technology Inc.
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FIGURE 4.2.1 - PIC16C5X DATA MEMORY MAP

FILE
ADDRESS 76543210
00 INDIRECT ADDR. (*)
01 RTCC :g:tw 109876543210 109876543210
02 [a10 [ao |as PC STACK 1 f—| STACK 2 ]
03 STATUS
04 FSR -
o 76543210
PORT A
I TRISA
06 PORT B
TRISB 543210
o7 PORT C (")
TRISC [ oemon |
08 — —_ I
m  — D —
0A GENERAL TO AND FROM '
o8 — — REGISTER FILE
| PURPOSE  __ | VIA ALU
oc [ neaiser _| — ]
oD | FLE |
oE
oF — — L— FROM PROGRAM MEMORY
BIT 6, 5 OF FSR: BANK SELECT
(PIC16C57 ONLY)
00 o1 10 1
10 30 50 70
1"
12
13
14
15
16 GENERAL
PURPOSE GENERAL PURPOSE
17 REGISTER REGISTER FILE
s FILE
(ALL TYPES) (PIC16C57 ONLY)
19
1A
1B
1c
1D
E (BANK 0) (***) (BANK 1) (***) (BANK 2) (") (BANK 3) (™)
£ IF SF 7F
" NOT A PHYSICALLY IMPLEMENTED REGISTER. SEE SECTION 4.0 FOR DETAILS.
(**) FILE ADDRESS 7h IS A GENERAL PURPOSE REGISTER ON THE PIC16C54/C56
() BANKO0 IS AVAILABLE ON ALL MICROCONTROLLERS WHILE BANK 1 TO BANK 3 ARE ONLY AVAILABLE ON THE
PIC16C57. (SEE SECTION 4.6 FOR DETAILS)

© 1994 Microchip Technology Inc. DS30015K-page 7



PIC16C5X Series

When no prescaler is used, PsouT (Prescaler output,
see Figure 4.1.1) is the same as RTCC clock input and
therefore the requirements are:

TRTH = RTCC high time > 2tosc + 20 ns

TrRTL = RTCC low time 2 2tosc + 20 ns

When prescaleris used, the RTCC input s divided by the
asynchronous ripple counter-type prescaler and so the
prescaler output is symmetrical.

Then: Psourt high time = PsouT low time = N ¢ TRT/2
where TRT = RTCC input period and N = prescale value
(2, 4, ...., 256). The requirement is, therefore N ¢ TRT/2
2 2tosc + 20 ns, or TRT = ﬂosc;_%m;.

The user will notice that no requirement on RTCC high
time or low time is specified. However, if the high time
or low time on RTCC is too small then the pulse may not
be detected, hence a minimum high or iow time of 10ns
is required. In summary, the RTCC input requirements
are:

TRt = RTCC period > (4 tosc + 40ns)/N
TRTH = RTCC high time 2 10ns
TRTL = RTCC low time > 10ns

Delay from external clock edge: 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 RTCC is actually incremented.
Referring to Figure 4.2.3, the reader can see that this
delay is between 3 tosc and 7 tosc. Thus, for example,
measuring the interval between two edges (e.g. period)
will be accurate within 4 tosc (£200 ns @ 20 MHz).

43 Program Counter

The program counter generates the addresses for up to
2048 x 12 on-chip EPROM cells containing the program
instruction words (Figure 4.3.1).

Depending on the device type, the program counter and
its associated two-level hardware stack is 9 - 11-bits
wide.

TABLE 4.3.1 - PROGRAM COUNTER STACK

WIDTH
Part # PC width | Stack width
PIC16C54/PIC16C55 9-bit 9-bit
PIC16C56 10-bit 10-bit
PIC16C57 11-bit 11-bit

The program counter is set to all “1"s upon a RESET
condition. During program execution it is auto
incremented with each instruction unless the result of
that instruction changes the PC itself:

a) "GOTO" instructions allow the direct loading of the
lower nine program counter bits (PC <8:0>). Incase
of PIC16C56/PIC16C57, the upper two bits of PC
(PC<10:9>) are loaded with page select bits PA1,
PAO (bits 6,5 status register). Thus, GOTO aliows
jump to any location on any page.

"CALL" instructions load the lower 8-bits of the PC
directly, while the ninth bit is cleared to *0". The PC
value, incremented by one, will be pushed into the
stack. In case of PIC16C56, PIC16C57, the upper
2-bits of PC (PC<10:9>) are loaded with Page
Select bits PA1, PAO (bits 6,5 status register).

b)

FIGURE 4.2.2A - RTCC TIMING: INT CLOCK/NO PRESCALE

'QIRIGEI0 QIIGRICBIOH QTIGRICEIO:! O1IQRICEI04! QIRIGEICH QIRIBIOH QI RIGBIQ QIR I

D 1 [} 1 K L} ~ [} 1

FC ( PC1 X FC {__PC+1 __PC+2 X" PCs+3 'l PC+4 ¥ PC+5 X PC+6 ]
(PROGRAM ' d v d d d d d
COUNTER) * ' INST= |, MOVFRTCC,W 1 MOVFRYCC,W 1 MOVFRTCC,W « MOVF RTCC,W 1 MOVF RTCC,W '
R, I MOVWFF1 i h ' ' ' '

1 1 . L} ] ' L} 1 ]

' v ' . 1 ' ) ' 1

ATCC . [T GE XD G Y (i G NAT X NATs1 X . WNAvs2 Y, _NRT+3 ¥,

v

. . . ? . 1 ' 1 . ' , ? '

' ' ) l ' v ) ] '

' ' ' WriteRTCC ' ReadRATCC ' ReadRTCC ' ReadRTCC ‘' ReadRTCC ' Read RTCC !

' ' 1 executed ! readsNRT | readsNAT | readsNRT+1 ! readsNAT+2 | readsNAT+3 |

FIGURE 4.2.2B - RTCC TIMING: INT CLOCK/PRESCALE 1:2

'O11RIBI0H QIICRIGHIOH, Q1IGRICE104! Q1IGRICE 108 Q1IGRICEIQ! Q1ICRIGIIQH! GIICRICB 104! Q1IGRIG3IG,

D L} ] ! L} L} k) i) )

FC ( Pl X FC X FC+1 X PC+2 X PC+3 —pPcea X PC+5 X_PC+6 '

) Ll 1 1 L} [} t

(fmlmmswn) . | MOVWFRTCC « MOVERTCC,W | MOVFRTCC,W | MOVFRTCC,W : MOVFRTCC,W 1 MOVFRTCC,W 1 .

: )

' . . ' ‘ : ' ' )

1 + i) 1} 1] ' ' 1 v

:

RTCC h [ BT+ ) . WAT ’ : X wNATe1

: : L4 L4 o ] L4 : :

1 ' il ' ' 1 l ' '

: ' ' WmeRTCC ' FReadRTCC | ReadRTCC + ReadATCC ' ReadRTCC ' ReadRTCC '

! . 1 executed ! readsNAT ! readsNAT ! readsNRT | readsNRT ' readsNAT |
DS30015K-page 8 © 1994 Microchip Technology Inc.
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c) "RETLW" instructions load the program counter
with the top of stack contents.

d) If PC is the destination in any instruction (e.g.
MOVWF PC, ADDWF PC, or BSF PC,5) then the
computed 8-bit result will be loaded into the lower
8-bits of program counter. The ninth bit of PC willbe
cleared. Incase of PIC16C56/PIC16C57, PC<10:9>
will be loaded with Page Select bits PA1, PAO (bits
6,5 in status register).

It should be noted that because bit 8 (ninth bit) of PC is
cleared in CALL instruction or any instruction which
writes to the PC (e.g. MOVWF PC), all subroutine calls
or computed jumps are limited to the first 256 locations
of any program memory page (512 words long).

RE ON P AGE SELECT
PIC16C56/P

Incrementing the program counter when it is pointing to
the last address of a selected memory page is also
possible and will cause the program to continue in the
nexthigher page. However, the page pre-select bits inf3
will not be changed, and the next "GOTO", "CALL",
*ADDWF PC*, "MOVWF PC" instruction will retum to the
previous page, unless the page pre-select bits have
been updated under program control. For example, a
*NOP* at location *"1FF* (page 0) increments the PC to
"200" (page 1). A “GOTO xxx" at "200" will return the
program to address "xxx" on page "0° (assuming thatthe
page preselect bits in file register STATUS are "0).

Upon a RESET condition, page 0 is pre-selected while
the program counter addresses the last location in the
last page. Thus, a"GOTO" instruction at this location will
automatically cause the program to continue in page O.

7 ONLY):

4.4 Stack

The PIC16C5X series employs a two-level hardware
push/pop stack (Figure 4.3.1).

CALL instructions push the current program counter
value, incremented by "1*, into stack level 1. Stack level
1 is automatically pushed to level 2. If more than two
subsequent "CALL"s are executed, only the most recent
two return addresses are stored.

For the PIC16C56 and PIC16C57, the page preselect
bits of STATUS will be loaded into the most significant
bits of the program counter. The ninth bit is always
cleared to "0" upon a CALL instruction. This means that
subroutine entry addresses have to be located always
within the lower half of a memory page (addresses 000-
OFF, 200-2FF, 400-4FF, 600-6FF). However, as the
stack has always the same width as the PC, subroutines
can be called from anywhere in the program.

RETLW instructions load the contents of stack level 1
into the program counter while stack level 2 gets copied
into level 1. lf more than two subsequent "RETLW"s are
executed, the stack will be filled with the address previ-
ously stored in level 2. For the PIC16C56 and PIC16C57,
the retum will be always to the page from where the
subroutine was called, regardless of the current setting
of the page pre-select bits in file register STATUS. Note
that the W register will be loaded with the literal value
specified in the RETLW instruction. This is particularly
useful for the implementation of "data” tables within the
program memory.

FIGURE 4.2.3 - RTCC TIMING WITH EXTERNAL CLOCK

EXT CLOCK INPUT OR § !
PRESCALER OUT (NOTE 2)

EXT CLOCK/PRESCALER
OUTPUT AFTER SAMPLING

'Q11C2 103104 01ICRIGEIOH QIICRICEIOs, QI CRICBICH,

Small puise 1

;/_\ misses sampling

1("0‘%63)f t

INCREMENT RTCC (Q4)

1]

RTCC

R

ML

Notes:

1. Delay from clock input change to RTCC increment is 3 tosc to 7 tosc. (Duration of Q = tosc).
Therefore, the error in measuring the interval between two edges on RTCC input = + 4 tosc max.

2 External clock if no prescaler selected, Prescaler output otherwise.

3 The arrows indicate the points in time where sampling occurs.

© 1994 Microchip Technology Inc.
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PIC16C5X Series

FIGURE 4.3.1 - PROGRAM MEMORY ORGANIZATION

GOTO, CALL, INST WITH PC AS DESTINATION ...
GOTO, CALL, INST WITH PC AS DESTINATION ....

GOTO
CALL, INST WITH PC AS DESTINATION ......... ALWAYS "0"
GOTO, CALL ... DIRECT FROM INSTRUCTION WORD

PC | a0 a9 | A8 | AcT0»

4

/18

... FROM STATUS<6> PIC16C57 ONLY)
.. FROM STATUS<5> PIC16C56/C57 ONLY)

DIRECT FROM INSTRUCTION WORD

INST WITH PC AS DESTINATION

RETLW, CALL
9-11BIT

PAGE 0

OFF
100

1FF

FROM ALU

STACK LEVEL 1

STACK LEVEL 2

MAX. EPROM ADDRESS FOR:

o1

PAGE 1

2FF

3FF

PIC16C54/PIC16C55

10

PAGE 2

4FF

SFF

"

PAGE 3

6FF

700

7FF

PIC16C56

PIC16C57

DS30015K-page 10
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4.5 STATUS Word Register

This register contains the arithmetic status of the ALU,
the RESET status, and the page preselect bits for larger
program memories than 512 words (PIC16C56,
PIC16C57).

The STATUS register can be destination for any instruc-
tion like any other register. However, the STATUS bits
are set after the following write. Furthermore, TO and
PD bits are not writable. Therefore, the result of an
instruction with STATUS register as destination may be

FIGURE 4.5.1 - STATUS WORD REGISTER

different than intended. For example, CLRF STATUS
will clear all bits except for TO and PD and then set the
Z bit and leave status register as 000UU100 (where U =
unchanged).

It is recommended, therefore, that only BCF, BSF and
MOVWEF instructions are used to alter the STATUS
registers because these instructions do not affect any
STATUS bit.

For other instructions, affecting any STATUS bits, see
Section "Instruction Set Summary" (Table 10.0.1).

Y] © 5] @ (<] @ V)] (V]
IPA2|PA1|PAo|ﬁ|EE]z|Dc|c|
—_/

RESET CONDITION:

PA2,PA1, PAO cleared to '0'.

TO, PD are set or reset as shown in Table 4.5.2.1
Z, DC, C are unknown on power on reset and
unchanged in any other reset.

CARRY/BORROW BIT:

For ADDWF and SUBWF instructions, this bit is set if there is a
carry out from the most significant bit of the resultant.

Note that a subtraction is executed by adding the two's complement
of the second operand. For rotate (RRF, RLF) instructions, this bit
is loaded with either the high or low order bit of the source register.

DIGIT CARRY/BORROW BIT:
For ADDWF and SUBWF instructions, this bit is set if there is a
carry out from the 4th low order bit of the resultant.

ZERO BIT:
Set if the result of an arithmetic or logic operation is zero.

POWER DOWN BIT:
Set to "1" during power up or by a CLRWDT command. This bit
is reset to "0" by a SLEEP instruction.

TIME-OUT BIT:
Set to "1" during power up and by the CLRWDT and SLEEP
command. This bit is reset to "0" by a watchdog timer time out.

PIC16C54/C55 : Two general purpose read/write bits

PIC16C56 - BIT5 ... Page preselect bit
0 = Page 0 (000 - 1FF)
1 = Page 1 (200 - 3FF)
BIT 6 ... General purpose read/write bit
PIC16C57 - Two page preselect bits

00 = Page 0 (000 - 1FF)
01 = Page 1 (200 - 3FF)
10 = Page 2 (400 - 5FF)
11 = Page 3 (600 - 7FF)

BIT 7: General purpose read/write bit
(reserved for future use)

© 1994 Microchip Technology Inc.
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ARRY/B OW AN
RROW BITS:

IT CARRY,

The Carry bit (C) is a carry out in addition operation
(ADDWF) and a borrow out in subtract operation
(SUBWF).

It is also affected by RRF and RLF instructions. The
following examples explain carry/borrow bit operation:

; SUBWF Example #1
clrf

0x20 ;£(20h)=0
movliw 1 ;jwreg=1
subwf 0x20 ;£(20h)=£f£(20h)-wreg=0-1=FFh

;Carry=0: Result is negative

i
; SUBWF Example #2
movlw OxFF

movwf 0x20 ;f(20h)=FFh

clrw ;wreg=0

subwf 0x20 ;f(20h)=£(20h)-wreg=FFh-
0=FFh

;Carry=1:Result is positive

i

The digit carry operates in the same way as the carry bit,
i.e. it is a borrow in subtract operation.

TIME OUT AND POWER DOWN STAT
BITS (TO.PD)

The TO and PD bits in the STATUS register can be
tested to determine if a RESET condition has been
caused by a Watchdog Timer time-out, a power-up
condition, or a wake-up from SLEEP by the Watchdog
Wimer or MCLR pin.

These STATUS bits are only affected by events listed in
Table 4.5.2.1.

TABLE 4.5.2.1 - EVENTS AFFECTING PD/

TABLE 4.5.2.2 - PD/TO STATUS AFTER
RESET

70 PD RESET was caused by

WDT wake-up from SLEEP

WDT time-out (not during SLEEP)
MCLR wake-up from SLEEP
Power-up

= Low puise on MCLR input

X - = OO
X - O =0

Note:  The PD and TO bit maintain their status (X) until an event
of Table 4.5.2.1 occurs. A low-pulse on the MCLR input

does not change the PD and TO status bits.

4.5.3 PROGRA Al
PIC16C57 ONLY)

Bits 5-6 of the STATUS register are defined as PAGE
address bits PA0<1:0>, and are used to preselect a
program memory page. When executing a GOTO,
CALL, or an instruction with PC as destination (e.g.
MOVWEF PC), PA<1:0> are loaded into bit A<10:9> of
the program counter, selecting one of the available
program memory pages. The direct address specified in
the instruction is only valid within this particular memory
page.

RETLW instructions do not change the page preselect
bits.

Upon a RESET condition, PA<2:0> are cleared to “0"s.
4.6 Fil /| ister (F
PIC1 ./

RE T (PIC1

Bits 0-4 selectone of the 32 available file registers in the
indirect addressing mode (that is, calling the INDF
register in any of the file oriented instructions).

Bits 5-7 of the FSR are read-only and are always read as
“one’s.

If no indirect addressing is used, the FSR can be used
as a 5-bit wide general purpose register.

PIC16C57 ONLY

Bits 5 and 6 of the FSR select the current data memory
bank (Figure 4.2.1).

The lower 16 bytes of each bank are physically identical
and are always selected when bit 4 of the FSR (in case
of indirect addressing) is "0, or bit 4 of the direct file
register address of the currently executing instruction is
*0* (e.9. MOVWF 08).

Only if bit 4 in the above mentioned cases is "1*, bits 5
and 6 of the FSR select one of the four available register
banks with 16 bytes each.

Bit 7 is read-only and is always read as "one.”

TO STATUS BITS

Event TO PD | Remarks

Power-up 1 1

WDT Timeout 0 X No effect on PD

SLEEP instruction 1 0

CLRWDT instruction | 1 1

Note: A WDT timeout will occur regardiess of the status of the TO
bit. A SLEEP instruction will be d, regardiess of the
status of the PD bit. Table 4.5.2.2 refiects the status of PD
and TO after the corresponding event.

DS30015K-page 12
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5.0 VO REGISTERS (PORTS)

The I/Oregisters can be written and read under program
control like any other register of the register file. How-
ever, “read" instructions (e.g. MOVF PORTB,W) always
read the 1/O pins, regardless if a pin is defined as "input®
or "output." Upon a RESET condition, all /O ports are
defined as "input® (= high impedance mode) as the I/0O
control registers (TRISA, TRISB, TRISC) are all set to
‘ones.”

The execution of a *“TRIS f" instruction with correspond-
ing "zeros" in the W-register is necessary to define any
of the IO pins as output.

5.1 PORTA

4-bit /O register. Low order 4-bits only are used (RAO -
RA3). Bits 4 - 7 are unimplemented and read as "zeros."

5.2 PORTB
8-bit /O register.

5.3 PORTC
PIC16C55/C57: 8-bit I/0 register.
PIC16C54/C56: General purpose register.

5.4 VO Interfacing

The equivalent circuit for an IO port bit is shown in
Figure 5.4.1. All ports may be used for both input and
output operations. 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 outputs
are latched and remain unchanged until the output latch
is rewritten. To use a port pin as output, the correspond-
ing direction control bit (in TRISA, TRISB, TRISC) must
be set to zero. For use as an input, the corresponding
TRIS bit must be “one". Any I/O pin can be programmed
individually as input or output.

FIGURE 5.4.1 - EQUIVALENT CIRCUIT FOR A SINGLE VO PIN

FROM o a Voo
Dé;g DATA
LATCH at
P
“WRITE* —| g __—F—_‘):>_—“:
TO DATA BUS %
T .
PIN
"READ"
FROM D a
W-REGISTER Vo
CONTROL Q2
LATCH ———D____i [ N
*TRIS 3
X ger @
| Vss
*RESET* -
© 1994 Microchip Technology Inc. DS30015K-page 13
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5.5 VO Programming Considerations
51 Bl T I T

Some instructions operate intemally as read followed by
write operations. The BCF and BSF instructions, for
example, read the entire port into the CPU, execute the
bit operation and re-output the result. Caution must be
usedwhen these instructions are applied to a portwhere
one or more pins are used as input/outputs. For ex-
ample, a BSF operation on bit 5 of PORTB will cause all
eight bits of 6 to be read into the CPU. Then the BSF
operation takes place on bit 5 and PORTB is re-output
to the output latches. If another bit of PORTB is used as
a bidirectional 1/O pin (say bit 0) and it is defined as an
input at this time, the input signal present on the pin itself
would be read into the CPU and re-written to the data
latch of this particular pin, overwriting the previous
content. As long as the pin stays in the input mode, no
problem occurs. However, if bit 0 is switched into output
mode later on, the content of the data latch may now be
unknown.

FIGURE 5.5.2.1 - VO PORT READ/WRITE TIMING

A pin actively outputting a "0" or *1" should not be driven
from external devices at the same time in order to
change the level on this pin (*wired-or*, "wired-and").
The resulting high output currents may damage the chip.

5.5.2 SUCCESSIVE OPERATIONS ON /O PORTS
The actual write to an /O port happens at the end of an
instruction cycle, whereas for reading, the data must be
valid at the beginning of the instruction cycle (see Figure
56.5.2.1). Therefore, care must be exercised if a write
followed by a read operation is carried out on the same
1/0 port. The sequence of instructions should be such to
aliow the pin voltage to stabilize (load dependent) before
the next instruction which causes that file to be read into
the CPU is executed. Otherwise, the previous state of
that pin may be read into the CPU rather than the new
state. When in doubt, it is better to separate these
instructions with a NOP or an other instruction not
accessing this 1/O port.

:01[02[&3[04:Q1l02|03l04:Q1!C2|(BIQ4:Q1IQZICBIQ4: Note:
FC X rc___ X PC+i X_.pc+2 X PC+3 L This example shows
Instruction | MOVWF PORTB | MOVF PORTB,W: ' NOP ! NOP ' | write to PORTB followed
fetched | WritetoPORTB ' ReadPORTB ' ! : ' | by a read from PORTB.
, X Vo . , | Note that the data setup
RB (7:0) T m T ) time = (0.25 TCY - TPD)
@0 1 [ 1B ! where TCY = instruction
! ! e ?Pon pin ' ! | cycle. Therefore, at
. : ! sampled here . | higher clock frequencies,
' ' T V ' 1 write followed by a read
' ' Execute 1 'P0 Execute ' Execute ' may be problematic.
! ' MOVWF PORTB ' MOVF PORTB, W' NOP '
DS30015K-page 14 © 1994 Microchip Technology Inc.
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6.0 GENERAL PURPOSE REGISTERS

PIC16C54/C55/C56:

fosh - f1Fh:  are general purpose register files.

PIC16C57 only:

fosh - fOFh:  are general purpose register files which
are always selected, independentof bank
select.

f10h - fIFh:  general purpose register files in memory
bank 0.

f20h - f2Fh:  physically identical to fO0 - fOF.

f30h - f3Fh:  general purpose register files in memory
bank 1.

f40h - f4Fh:  physically identical to f0O - fOF.

f50h - fSFh:  general purpose register files in memory
bank 2.

f60h - f6Fh:  physically identical to f00 - 0.

f70h - f7Fh:  general purpose register files in memory

bank 3.

7.0 SPECIAL PURPOSE REGISTERS

71 W Working Register

Holds second operand in two operand instructions and/
or supports the internal data transfer.

FIGURE 7.5.1 - OPTION REGISTER

72 TRISA VO Control Register For

PORTA

Only bits 0 - 3 are available. The corresponding /O port
(f5) is only 4-bit wide.

7.3 TRISB VO Control Register For
PORTB
7.4 TRISC

YO Control Register For
PORTC

The I/O control registers will be loaded with the content
of the W register by executing of the TRIS f instruction.
A "1" in the I/O control register puts the corresponding
I/O pin into a high impedance mode. A "0" puts the
contents of file register PORTA, PORTB, or PORTC,
respectively, out on the selected I/O pins.

These registers are "write-only* and are setto all "ones"
upon a RESET condition.

7.5 OPTION Prescaler/RTCC Option
Register

Defines prescaler assignment (RTCC or WDT), pres-
caler value, signal source and signal edge forthe RTCC.
The OPTION register is "write-only” and is 6-bit wide.
By executing the “OPTION® instruction, the contents of
the "W" register will be transferred to the option register.
Upon a RESET condition, the option register is set to all
"ones.”

5 4 3 2 1 0
[ rrs | mre | psa | ps2 | ps1 [ pso | RESET VALUE: 111111b
PRESCALER VALUE | RTCC RATE| WDT RATE

0 V] 0 1:2 1:1

L] V] 1 1:4 1:2

0 1 V] 1:8 1:4

0 1 1 1:16 1:8

1 0 0 1:32 1:16

1 0 1 1:64 1:32

1 1 0 1:128 1:64

1 1 1 1:25 1:128
PRESCALER ASSIGNMENT BIT:
0 ... RTCC
1... WDT
RTCC SIGNAL EDGE:
0..... INCREMENT ON LOW-TO-HIGH TRANSITION ON RTCC PIN
1. INCREMENT ON HIGH-TO-LOW TRANSITION ON RTCC PIN
RTCC SIGNAL SOURCE:
0.... INTERNAL INSTRUCTION CYCLE CLOCK (CLKOUT)
1... TRANSITION ON RTCC PIN

© 1994 Microchip Technology Inc.
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8.0 RESET CONDITION

A RESET condition can be caused by applying power to
the chip (power-up), pulling the MCLR input "low", or by
a Watchdog Timer timeout. The device will stay in
RESET as long as the oscillator start-up timer (OST) is
active or the MCLR input is "low.”

The oscillator start-up timer is activated as soon as
MCLR input is sensed to be high. This implies that in
case of Power-On Reset with MCLR tied to Vob the OST
starts from power-up. In case of WDT time-out, it will
start at the end of the time-out (since MCLR is high). In
case of MCLR reset, the OST will start when MCLR goes
high. The nominal OST time-out period is 18ms. See
Section 13.0 for detailed information on OST and power
on reset.

During a RESET condition the state of the PIC16C5X is

defined as :

* The oscillator is running, or will be started (power-
up or wake-up from SLEEP).

* AllV/O port pins (RAO - RA3, RBO - RB7, RCO - RC7)
are put into the high-impedance state by setting the
*TRIS" registers to all "ones" (= input mode).

* The Program Counter is set to all "ones” (1FFh in
PIC16C54/55, 3FFh in PIC16C56 and 7FFh in
PIC16C57).

+ The OPTION register is set to all "ones".

e The Watchdog Timer and its prescaler are cleared.

¢ The upper-three bits (page select bits) in the
STATUS Register are cleared to "zero."

e "RC" devices only: The "CLKOUT" signal on the
OSC2 pin is held at a"low" level.

9.0 PRESCALER

An 8-bitcounteris available as a prescaler forthe RTCC,
or as a post-scaler for the Watchdog Timer, respectively
(Figure 9.0.1). For simplicity, this counter is being re-
ferred to as "prescaler” throughout this data sheet. Note
that there is only one prescaler available which is mutu-
ally exclusively shared between the RTCC and the
Watchdog Timer. Thus, a prescaler assignment for the
RTCC meansthatthere is no prescaler forthe Watchdog
Timer, and vice-versa.

The PSA and PS0-PS2 bits in the OPTION register
determine the prescaler assignment and pre-scale ratio.

When assigned to the RTCC, all instructions writing to
the RTCC (e.g. CLRF RTCC, MOVWF RTCC, BSF
RTCC x....etc.) will clear the prescaler. When assigned
to WDT, a CLRWDT instruction will ciear the prescaler
along with the Watchdog Timer.

9.1 Switching Prescaler Assignment
A ER FROM RT

The prescaler assignment is fully under software con-
trol, i.e., it can be changed "on the fly" during program
execution. To avoid an unintended device RESET, the
following instruction sequence must be executed when
changing the prescaler assignment from RTCC to WDT:

1. MOVLW B'xx0x0xxx' ; Select internal clock and select new

2. OPTION ; prescaler value. If new prescale value
;is = ‘000" or '001', then select any other
; prescale value temporarily.

3.CLRF1 ; Clear RTCC and prescaler.

4, MOVLW B'xoxxxoo  ; Select WDT, do not change prescale
; value.

5. OPTION \

6. CLRWDT; Clears WDT and prescaler.

[7. MOVLW B'wxoxxhooc' — ; Sefect new prescale value.
8. OPTION :

Steps 1 and 2 are only required if an external RTCC
source is used. Steps 7 and 8 are necessary only if the

desired prescale value is ‘000’ or '001".
HANGING PRESCA! R TO RT

To change prescaler from WDT to RTCC use the follow-
ing sequence:

1. CLRWDT; Clear WDT and prescalet
2. MOVLWB oo’ ; Select RTCC, new prescale value
; and clock source

3. OPTION

DS30015K-page 16
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FIGURE 9.0.1 - BLOCK DIAGRAM RTCC/WDT PRESCALER

CLKOUT (=Fosc/4)

DATA BUS

8
SYNC

2 RTCC (f1)
CYCLES

WATCH
DOG
TIMER
~— PS0-PS2
WDT ENABLE MUX  |—o
EPROM FUSE I PsA
WOT Note: RTE, RTS, PSA, PS0-PS2
TIMEOUT are bits in the OPTION register.

10.0 BASIC INSTRUCTION SET
SUMMARY

Each PIC16C5X 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 PIC16C5X instruction set
summary in Table 10.0.1 lists byte-oriented, bit-ori-
ented, and literal and control operations.

For byte-oriented instructions, *f* represents a file regis-
ter designator and "d" represents a destination designa-
tor. The file register designator specifies which one of
the 32 PIC16C5X file registers is to be utilized by the
instruction. For the PIC16C57, bits 5 and 6 in the FSR
determine the selected register bank.

The destination designator specifies where the result of
the operation is to be placed. If *d" is zero, the result is
placed in the W register. If "d" is one, 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.

All instructions are executed within one single instruc-
tion cycle, unless aconditional test is true or the program
counter is changed as a result of an instruction. 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 instruc-
tion execution time is 1 usec. If a conditional test is true
or the program counter is changed as a result of an
instruction, the instruction execution time is 2 pusec.

Table 10.0.1

Note 1: The ninth bit of the program counter will be
forced to a "zero" by any instruction that writes
to the PC except for GOTO (e.g. CALL,
MOVWF PC etc.). See Section 4.3 on page 8
for details.

Note 2: Whenan /O registeris modified as a function of
itself ( e.g. MOVF PORTB,1 ), the value used
will be that value present on the pins them-
selves. For example, if the data latch is *1" for
a pin configured as output and is driven low by
an external device, the data will be written back
with a ‘0"

Note 3: The instruction "TRIS * , where f = 5,6, or 7
causes the contents of the W register to be
written to the tristate latches of the specified file
(port). A "one" forces the pin to a high imped-
ance state and disables the output buffers.

Note 4: If this instruction is executed on file register
RTCC ( and, where applicable, d=1), the pres-
caler will be cleared if assigned to the RTCC.

© 1994 Microchip Technology Inc.
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TABLE 10.0.1 - INSTRUCTION SET SUMMARY

(11-6) (5) (4-0)
BYTE -ORIENTED FILE REGISTER OPERATIONS [ OPCODE I d —l f(FILE #) J
d = 0 for destination W
d = 1 for destination f
Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes
0001 11af £f£ff 1cf AddWandf ADDWF f,d Wifod CDCZ 124
0001 01df £fff 14f ANDWandf ANDWF f,d W&f-d z 24
0000 011f £fff 06f Clearf CLRF f 0->f z 4
0000 0100 0000 040 CiearW CLRW - 0->W z
0010 014f ££ff 24f Complement f COMF f,d fod z 24
0000 11df f££ff OCf Decrementf DECF f,d t-1>d z 2,4
0010 11af £f£ff 2cf Decrementf,Skipif Zero DECFSZ f,d f-1—d, skipifzero None 24
0010 108f ff£ff 28f Increment f INCF f,d f+1->d z 24
0011 11df f£ff 3Cf IncrementfSkipifzero INCFSZ f,d f+1—d, skipif zero None 24
0001 00df ffff 10f Inclusive OR W and f IORWF f,d Wviod z 24
0010 00df f£ff 20f Move f MOVF f,d fod z 2,4
0000 001f ffff 02f MoveWtof MOVWF Wof None 14
0000 0000 0000 000 No Operation NOP - - None
0011 01df ffff 34f Rotate leftf RLF f,d f(n) - d(n+1),C—d(0), f(7) > C C 24
0011 004f ff£ff 30f Rotaterightf RRF f,d f(n) - d(n-1),C— d(7),1(0) > C C 24
0000 10df £f£f 08f Subtract W from f SUBWF f,d f-Wod[f+W+1-d] cDCZ 124
0011 10df £fff 38f Swap halves f SWAPF f,d f(0-3) - 1{(4-7)>d None 24
0001 10df £fff 18f Exclusive ORWandf XORWF f,d Weo fod z 24
(11-8) (7-5) (4-0)
BIT- ORIENTED FILE REGISTER OPERATIONS [ OPCODE l bEIT #)i f(FILE #) J
Instruction-Binary (Hex) Name Munemonic, Operands Operation Status Atfected Notes
0100 bbbf ffff 4bf BitCleart BCF f,b 0-1f(b) None 24
0101 bbbf ffff Sbf Bit Setf BSF f,b 1->1(b) None 24
0110 bbbf £fff 6bf Bit Test f,Skip if Clear BTFSC f,b Test bit (b) in file (f): Skip if clear None
0111 bbbf £f£f 7bf Bit Testf, Skip if Set BTFSS t, b Testbit (b) in file (f): Skip if set None
(11-8) (7-0)
LITERAL AND CONTROL OPERATIONS [ OPCODE | k (LTERAL) J
Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes
1110 kkkk kkkk Ekk AND Literal and W ANDLW  k K&W-oW z
1001 kkkk kkkk 9kk Call subroutine CALL k PC + 1 — Stack, k— PC None 1
0000 0000 0100 004 Clear Watchdog timer CLRWDT - 0 — WDT (and prescaler, if assigned) TO, PD
101k kkkk kkkk Akk Go To address (kis 9 bit} GOTO k k— PC (9 bits) None
1101 kkkk kkkk Dkk Incl. OR Literal and W IORLW Kk kvW-o W z
1100 kkkk kkkk Ckk Move Literal to W MOVLW k k> W None
0000 0000 0010 002 Load OPTION register OPTION - W — OPTION register None
1000 kkkk kkkk 8kk Return,place LiteralinW RETLW k k — W, Stack » PC None
0000 0000 0011 003 Go into standby mode SLEEP - 0 — WDT, stop oscillator 70, PD
0000 0000 Offf 00f Tristate port f TRIS f W 1/0 control register f None 3
1111 kkkk kkkk Fkk Excl. OR Literaland W  XORLW k Kk®W->W z
Notes: See previous page
DS30015K-page 18 © 1994 Microchip Technology Inc.
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10.1 Instruction Description

ADDWF ADDWtof

Syntax: ADDWF fd

Encoding: I 0001 | 114f | FEEF I

Words:

Cycles: 1

Operation: (W+f)—>d

Status bits: C, DC, Z

Description: Add the contents of the W register to

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".

ANDLW __ AND Literal and W

Syntax: ANDLW  k

Encoding: | 1110 l kkkk | kkkk |

Words: 1

Cycles: 1

Operation: (W .AND. k) > W

Status bits: Z

Description: The contents of W register are AND’ed

with the 8-bit literal “k>. The result is
placed in the W register.

ANDWF __ AND W with f

Syntax: ANDWF fd

Encoding: | 0001 | 01df I FEEE ]

Words: 1

Cycles: 1

Operation: (W.AND.f)—>d

Status bits: Z

Description: AND the W register with register “/". If “d”
is 0 the result is stored in the W register.
If “d” is 1 the result is stored back in
register “f".

BCF Bit Clear £

Syntax: BCF f,b

Encoding: [o1oo| bbbf’ £EEE l

Words: 1

Cycles: 1

Operation: 0 - f(b)

Status bits:  None

Description:  Bit “b” in register “” is reset to 0.

BSF___ BitSetf

Syntax: BSF f,b

Encoding: IJlOll bbbf I ffffJ
Words: 1

Cycles: 1

Operation: 1 — f(b)

Status bits:  None

Description:  Bit “b” in register “f" is set to 1.

BTFSC Bit Test, skip if Clear

Syntax: BTFSC fb

Encoding: Louo |bbb£ | j3334 |

Words: 1

Cycles: 1(2)

Operation:  skip if f(b) =0

Status bits: None

Description:  If bit “b” in register “f" is “0” then the next

instruction is skipped.

Ifbit“b”is “0”, the next instruction, fetched
during the current instruction execution,
is discarded and a NOP is executed in-
stead making this a two-cycle instruction.

BTFSS Bit Test, skip if Set

Syntax: BTFSS fb

Encoding: | 0111 ] bbbf | j3 334 |

Words: 1

Cycles: 1(2)

Operation:  skip if f(b) = 1

Status bits: None

Description:  If bit “b” in register “f” is “1” then the next
instruction is skipped.
Ifbit"b"is "1*, the nextinstruction, fetched
during the current instruction execution,
is discarded and a NOP is executed in-
stead making this a two-cycle instruction.

CALL Subroutine Catl

Syntax: CALL k

Encoding: I 1001 l kkkk | kkkk l

Words: 1

Cycles: 2

Operation: PC +1— TOS; k - PC<7:0>,
'0' - PC<8>, PA2, PA1, PAO —
PC<11:9>;

Status bits: None

© 1994 Microchip Technology Inc.
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Description:  Subroutine call. First, return address (PC
+ 1) is pushed into the stack. The eightbit
value is loaded into PC bits <7:0>. PC bit
8iscleared. PA <2:0> bits are loaded into
PC <11:9>. CALL is a two cycle instruc-
tion.

CLRF Clear f

Syntax: CLRF f

Encoding: ‘ OOOOJ 011f ‘ ffff l

Words: 1

Cycles: 1

Operation: 00h—f

Status bits:  Z

Description: The contents of register “f” are set to 0.

CLRW Clear W Register

Syntax: CLRW

Encoding: [ oooolomo l 0000 ]

Words: 1

Cycles: 1

Operation:  00h ->W

Status bits: Z

Description: W registerediscleared. Zerobit(Z)is set.

CLRWDT _ Clear Watchdog Timer

Syntax: CLRWDT

Encoding: | 0000 | 0000 | 0100 |

Words: 1

Cycles: 1

Operation:  00h -»WDT, 0 — WDT prescaler,

Status bits: 1 — TO, 1 - PD

Description: CLRWDT instructionresets the Watchdog

Timer.It also resets the prescaler of the
WDT. Status bits TO and PD are set.

COMF Complement f

Syntax: COMF {d

Encoding: | 0010 l 01df | EEEE I
Words: 1

Cycles: 1

Operation: f— d

Status bits: Z

Description: The contents of register “” are comple-
mented. If“d”is Othe resultis storedinW.
If “d” is 1 the result is stored back in
register “f".

DECF

Syntax:
Encoding:
Words:
Cycles:
Operation:
Status bits:

Description:

Decrement §

DECF f,d

Ioooo | 11af ] ffle
1

1
(f-1)—>d
4

Decrementregister “f". If “d” is O the result
is stored in the W register. If “d” is 1 the
result is stored back in register “".

DECFSZ __ Decrementf, skip if 0

Syntax:
Encoding:
Words:
Cycles:
Operation:
Status bits:

Description:

GOTO
Syntax:
Encoding:
Words:
Cycles:
Operation:

Status bits:

Description:

INCF

Syntax:
Encoding:
Words:
Cycles:
Operation:
Status bits:

DECFSZ fd

l001o | 114f l ffEE ]

1

1(2)

(f-1)>d; skipifresult=0
None

The contents of register “f are decre-
mented. 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 instruction is skipped.

If the result is 0, the next instruction,
which is already fetched, is discarded. A
NOP is executed instead making it a two-
cycle instruction.

nconditional Branch

GOTO k

I 101k I kkkk kakk I

1

2

k —» PC<8:0>, PA2, PA1, PAO
— PC<11:9>;

None

The low order nine bits come from the
immediate value. The upper-three bits
are loaded from the PA <2:0> bits in the
STATUS register.

Increment f

INCF fd

roow ] 10df | ffffAI
3

1
f+1)—>d
p4
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Description: The contents of register ‘" are incre-
mented. If “d” is O the result is placed in
the W register. If “d” is 1 the result is

placed back in register “F".
INCFSZ Increment f, skip if 0

Syntax: INCFSZ f{d

Encoding: Loon [ 114af ] 3334 I
Words: 1

Cycles: 1(2)

Operation:  (f+ 1) — d, skip if result =0

Status bits: None

Description: The contents of register ‘" are incre-
mented. If “d” is O the result is placed in
the W register. If “d” is 1 the result is
placed back in register “". If the result is

0 the next instruction is skipped.

If the result is 0, the next instruction,
which is already fetched, is discarded. A
NOP is executed instead making it a two-
cycle instruction.

IORLW Inclusive OR Literal with W

Syntax: IORLW  k

Encoding: [1101 Tkkkk I kkkk I

Words: 1

Cycles: 1

Operation: (W.OR. k) > W

Status bits:  Z

Description:  The contents of the W register are OR’ed

with the 8-bit literal “k”. The result is
placed in the W register.

IORWE Inclusive OR W with f

Syntax: IORWF {d

Encoding: |0001 I 00df I 343 J

Words: 1

Cycles: 1

Operation: (W.OR.f)—>d

Status bits: Z

Description: Inclusive OR the W register with register

‘. If “d” is O the result is stored in the W
register. If “d”is 1the resultis stored back
in register ",

MOVF Move f

Syntax: MOVF fd

Encoding: IToloT ooaf | ££££ |
Words: 1

Cycles: 1

Operation: (f)—»d

Status bits: Z

Description: The contents of register *f" are moved. If
*d" is O the result is placed in the W
register. If "d" is 1 the result is placed
back in register "f".

MOVLW_ __ Move Literal to W

Syntax: MOVLW k

Encoding: ( 1100 lkkkk | kkkk J
Words: 1

Cycles: 1

Operation: k->W

Status bits: None

Description:  The 8-bitliteral “k” is loaded into W register.

MOVWF Move W to f

Syntax: MOVWF

Encoding: | 0000 | ooif |££se |
Words: 1

Cycles: 1

Operation: W f

Status bits: None

Description: Move data from W register to register “f".
NOP N ration

Syntax: NOP

Encoding: 0000 | 0000 J ooou
Words: 1

Cycles: 1

Operation:  No operation

Status bits: None

Description: No operation

OPTION __Load Option Reqister
Syntax: OPTION

Encoding: ooool 0000 , 0010 I
Words: 1

Cycles: 1

Operation:. W — OPTION;

Status bits: None

Description: The contents of the W registeris foaded in
the OPTION register.

© 1994 Microchip Technology Inc.
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RETLW Return Literal to W
Syntax: RETLW k

Encoding: [1000 [kldck—kakk I
Words: 1

Cycles: 2

Operation: k - W; TOS — PC;

Status bits: None

Description: The W register is loaded with the eight bit
literal *k”. The program counter is loaded

from the top of the stack (the retum
address). This is a two-cycle instruction.

LF R Left fthrough Car
Syntax: RLF f,d
Encoding: 0011 [o1af | £sef |
Words: 1
Cycles: 1

Operation:  f<n>— d<n+1>, f<7> 5 C, C - d<0>;
Status bits: C

Description: The contents of register " are rotated
one bit to the left through the Carry Flag.
If “d” is O the result is placed in the W
register. If“d"is 1 the resultis stored back

in register .
RRF Rotate Right f through Carry
Syntax: RRF fd
Encoding: F)ou Toodf [ eeee |
Words: 1
Cycles: 1

Operation:  f<n> — d<n-1>, f<0> —» C, C—d<7>;
Status bits: C

Description: The contents of register " are rotated
one bit to the right through the Carry Flag.
It “d” is O the result is placed in the W
register. If “d” is 1 the result is placed

back in register “f".
SLEEP
Syntax: SLEEP
Encoding: | 0000 I 0000 I 0011 ]
Words: 1
Cycles: 1

Operation: 0-PD,1 - TO;

00h — WDT, 0 — WDT prescaler;
Status bits: T_O, PD
Description: The power-down status bit(PD) is cleared.

Time-out status bit (TO) is set. Watchdog
Timer and its prescaler are cleared.

The processor is put into SLEEP mode
with the oscillator stopped. See section
on SLEEP mode for more details.

SUBWF Subtract W_from f

Syntax: SUBWF {d

Encoding: I 0000 | 10de $33:34 I
Words: 1

Cycles: 1

Operation:  (f-W) —d
Status bits: C,DC, Z
; SUBWF Example #1

clrf 0x20 ;£(20h)=0

movlw 1 ;wreg=1

subwf 0x20 ;f£(20h)=f(20h)-wreg=0-1=FFh
:Carry=0; Result is negative

:'SUBWF Example #2

movlw OxFF B

movwf 0x20 ;£f(20h)=FFh

clrw ;wreg=0

subwf 0x20 ;f(20h)=£f(20h)-wreg=FFh-

0=FFh

;Carry=1:Result is positive

Description:  Subtract (2's complement method) the W
register from register *f". ¥ “d” is 0 the
result is stored in the W register. If “d” is
1 the result is stored back in register “f".

SWAPF __ Swapf

Syntax: SWAPF f{d

Encoding: [0011 llOdf | ffffJ
Words: 1

Cycles: 1

Operation:  {<0:3> — d<4:7>, {<4:7> — d<0:3>]

Status bits: None

Description: The upper andlower nibbles of register “*
are exchanged. If “d” is O the result is

placed in W register. If “d” is 1 the resuit
is placed in register “f".

TRIS __ loadTRIS Reqister
Syntax: TRIS f

Encoding: [ 0000 | 0000 | ofs |

Words: 1

Cycles: 1

Operation: W — TRIS register f;
Status bits: None

Description: TRIS register f (f=5, 6 or 7) is loaded with
the contents of the W register.
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XORLW _ Exclusive OR literal with W

Syntax: XORLW k

Encoding: r1111 I kkkk ‘ kkkk I

Words: 1

Cycles: 1

Operation: (W .XOR. k) - W

Status bits: Z

Description:  The contents ofthe Wregister are XOR’ed
with the 8-bit literal “k”. The result is
placed in the W register.

XORWF Exclusive OR W with f

Syntax: XORWF f{d

Encoding: | 0001 | 10af| £fef |

Words: 1

Cycles: 1

Operation: (W .XOR.f)>d

Status bits: Z

Description: Exclusive OR the contents of the W reg-

ister with register “f". If “d” is 0 the result
is stored in the W register. If “d” is 1 the
resuit is stored back in register “f".

11.0 WATCHDOG TIMER (WDT)

The Watchdog Timer is realized as a free running on-
chip RC oscillator which does not require any external
components. That means that the WDT will run, even if
the clock on the OSC1/0SC2 pins of the device has
been stopped, for example, by execution of a SLEEP
instruction. A WDT timeout generates a device RESET
condition. The WDT can be permanently disabled by
programming a “zero” into a special EPROM fuse which
is not part of the normal program memory EPROM.

11.1 WDT Period

The WDT has a nominal time-out period of 18ms, (with
no prescaler). The time-out periods vary with tempera-
ture, VDD and process variations from part to part (see
DC specs). If longer time-out periods are desired, a
prescaler with a division ratio of up to 1:128 can be
assigned to the WDT under software contro! by writing
to the OPTION register. Thus, time-out periods up to 2.5
seconds can be realized.

The "CLRWDT" and "SLEEP" instructions clear the
WDT and the prescaler count, if assigned to the WDT,
and prevent it from timing out and generating a device
RESET condition.

The status bit, TO, in the STATUS register, will be
cleared upon a Watchdog Timer timeout.

The WDT period is a function of the supply voitage,
operating temperature, and will also vary from unitto unit
due to variations in the manufacturing process. Please
refer to the graphs in Section 18.0 and DC specs for
more details.

11.2 WDT Progr i i i

It should also be taken in account that under worst case
conditions (VDD = Min., Temperature = Max., max. WDT
prescaler) it may take several seconds before a WDT
timeout occurs.

12.0 OSCILLATOR CIRCUITS
12.1 Oscillator Types

The PIC16CS5X series is available with four different
oscillator options. On windowed devices, a particular
oscillator circuit can be selected by programming the
configuration EPROM accordingly. On OTP and QTP
devices, the oscillator configuration is programmed by
the factory and the parts are tested only to the according
specifications.

12.2 Crystal Oscillator

The PIC16C5X-XT, -HS, or LP needs a crystal or ce-
ramic resonator connected to the OSC1 and OSC2 pins
to establish oscillation (Figure 12.2.1). XT = Standard
crystal oscillator, HS = High speed crystal oscillator. The
series resistor RS may be required for the "HS" oscilla-
tor, especially at lower than 20 MHz oscillation fre-
quency. It may also be required in XT mode with AT
strip-cut type crystals to avoid overdriving.

12.3 RC Oscillator

For timing insensitive applications the "RC" device op-
tion offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the resistor
(Rext) and capacitor (Cext) values and the operation
temperature. In addition to this, the oscillator frequency
will vary from unit to unit due to normal process param-
eter variation. Furthermore, the difference in lead frame
capacitance between package types will also affect the
oscillation frequency, especially for low Cext values.
The user also needs to take into account variation to due
tolerance of extemal R and C components used. Figure
12.3.1 shows how the R/C combination is connected to
the PIC16C5X. For Rext values below 2.2 kOhm, the
oscillator operation may become unstable, or stop com-
pletely. For very high Rext values (e.g. 1 MOhm), the
oscillator becomes sensitive to noise, humidity and
leakage. Thus, we recommend to keep Rext between 5
kOhm and 100 kOhm.

Although the oscillator will operate with no external
capacitor (Cext = 0 pF), we recommend using values
above 20 pF for noise and stability reasons. With no or
small external capacitance, the oscillation frequency
can vary dramatically due to changes in external capaci-
tances, such as PCB trace capacitance or package lead
frame capacitance.
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See the table in Section 18.0 for RC frequency variation
from part to part due to normal process variation. The
variation is larger for larger R (since leakage current
variation will affect RC frequency more for large R) and
for smaller C (since variation of input capacitance will
affect RC frequency more).

See characteristics in Section 18.0 for variation of oscil-
lator frequency due to VDo for given Rext/Cext values as
well as frequency variation due to operating temperature
for given R, C and VDD values.

The oscillator frequency, divided by 4, is available on the
OSC2/CLKOUT pin, and can be used for test purposes
or to synchronize other logic (see Figure 2.2.1 for
timing).

Higher capacitance increases the stability of oscillator
but also increases the start-up time. These values are
for design guidance only. Since each resonator has its
own characteristics, the user should consult the resona-
tor manufacturer for appropriate values of external com-
ponents.

FIGURE 12.2.1 - CRYSTAL OPERATION
(OR CERAMIC RESONATOR)
(HS, XT OR LP TYPES ONLY)

0OSsC1
T’",‘"". PIC16C5X
(] L '
rsa M
P ==y
CJ XTAL bt N ,c—SLEEP
— 1 ] ¥
- 1] )
osc2| -r- !
'
- - @- - - - TO INTERNAL

@ LOGIC

Rs may be required in HS and XT modes for AT strip-cut
crystals to avoid overdriving. See Tables 12.2.1and 12.2.2
for recommended values of C1, C2 per oscillator type and
frequency.

FIGURE 12.2.2 - EXTERNAL CLOCK INPUT

OPERATION (HS, XT, or LP
TYPES ONLY)
CLOCK FROM 0OSC1
EXT. SYSTEM PIC16C5X
OPEN -—— OSC2

TABLE 12.2.1 - CAPACITOR SELECTION

FOR CERAMIC
RESONATORS
Oscillator Resonator Capacitor Range
Type Frequency C1=C2

XT 455 KHz 150 - 330 pF
2.0 MHz 20 - 330 pF
4.0 MHz 20 - 330 pF

HS 8.0 MHz 20 - 200 pF

TABLE 12.2.2 - CAPACITOR SELECTION FOR

CRYSTAL OSCILLATOR
Osc Freq c1 Cc2
Type
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 pl
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

Higher capacitance increases the stability of oscillator
but also increases the start-up time. These values are
for design guidance only. Rs may be required in HS
mode as well as XT mode to avoid overdriving crystals
with low drive level specification. Since each crystal has
its own characteristics, the user should consult the
crystal manufacturer for appropriate values of external
components.

FIGURE 12.3.1 - RC OSCILLATOR
(RC TYPE ONLY)
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FIGURE 13.1.1 - EXTERNAL POWER

ON RESET CIRCUIT
Voo
D R
[~ —
MCLR
c
I PIC16C5X
Notes: =

1. External power on reset circuit is required only if Voo
power-up slope is too slow or if a low frequency
crystal oscillator is being used that need a long
start-up time. The diode D helps discharge the
capacitor quickly when VDD powers down.

2 R < 40 KQ must be observed to make sure that
voltage drop across R does not exceed 0.2 V (max
leakage current spec on MCLR pin is 5 pA). A
larger voltage drop will degrade VH level on MCLR
pin.

3. Ri= 100Q to 1KQ will limit any current flowing
into MCLR from external capacitor C in the
event of MCLR pin breakdown due to ESD or
EOS.

FIGURE 13.1.2 - BROWN OUT PROTECTION
CIRCUIT

Voo

PIC16C5X

Notes:
1. This circuit will activate reset when VDD goes
below (VZ + 0.7 V) where VZ = Zener voltage.

FIGURE 13.1.3 - BROWN OUT PROTECTION
CIRCUIT

MCLR

PIC16C5X

Notes:

1. This brown circuit is less expensive, albeit less
accurate. Transistor Q1 turns off when VDD is
below a certain level such that:

R1

— =07V.

VDD
‘Ri+R2

13.0 OSCILLATOR START-UP TIMER
(0ST)

Oscillator circuits based on crystals or ceramic resona-
tors require a certain time after power-up to establish a
stable oscillation. An on-chip oscillator start-up timer is
provided which keeps the device in a RESET condition
for approximately 18ms after the voltage on the MCLR
pin has reached a logic high (VIHMC) level. Thus,
extemnal RC networks connected to the MCLR input are
not required in most cases, allowing for savings in cost-
sensitive and/or space restricted applications.

The OST will also be triggered upon a Watchdog Timer
timeout. This is particularly important for applications
using the WDT to awake the PIC16C5X from SLEEP
mode automatically.

The OST is not adequate for low frequency crystals
which require much longer than 18ms to start-up and
stabilize.

13.1 Power-On Reset (POR)

The PIC16C5X incorporates an on chip Power-On Re-
set (POR) circuitry which provides internal chip reset for
most power-up situations. To use this feature the user
merely needs to tie MCLR pin to Vob. A simplified biock
diagram of the on-chip power on reset circuit is shown in
Figure 13.1.4. The Power-On Reset circuit and the
oscillator start-up timer circuit are closely related. On
power-up the reset latch is setand the start-up timer (see
Figure 13.1.4) is reset. The start-up timer begins count-
ing once it detects MCLR to be high. After the time-out
period, which is typically 18ms, it will reset the reset-
latch and thus end the on-chip reset signal.

Figures 13.1.5 and 13.1.6 are two power-up situations
with relatively fast rise time on Vop. In Figure 13.1.5,
Voo is allowed to rise and stabilize before bringing
MCLR high. The chip will actually come out of reset
tOST ms after MCLR goes high. In Figure 13.1.6, the on
chip Power-On Reset feature is being utilized (MCLR
and VDD are tied together). The VDb is stable before the
start-up timer times outand there is no problem in getting
a proper reset. Figure 13.1.7 depicts a potentially
problematic situation where VDD rises too slowly. In this
situation, when the start-up timer times out, VoD has not
reached the VDD (min) value and the chip is, therefore,
not guaranteed to function correctly.

To summarize, the on-chip Power-On Reset is guaran-
teed to work if the rate of rise of VDD is no slower than
0.05 V/ms. Itis also necessary that the VD starts from
0V. The on-chip Power-On Reset is also not adequate
for low frequency crystals which require much longer
than 18ms to start-up and stabilize. For such situations,
we recommend that external RC circuits are used for
longer Power-On Reset.

© 1994 Microchip Technology Inc.
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FIGURE 13.1.4 - SIMPLIFIED POWER ON RESET BLOCK DIAGRAM

POWER-UP
DETECT

POR (POWER-ON RESET)

VoD
>

> WDT TIME-OUT

—] —

RESET s o
ON-CHIP _—D— 8-BIT ASYNCH
RC OSC RIPPLE COUNTER
(START-UP TIMER) _
R Q >
CHIP RESET

FIGURE 13.1.5 - USING EXTERNAL RESET INPUT

Voo

N

/

INTERNAL POR

note 1

— toST ——»

i————1t0ST —»!

OST TIME-OUT

—

INTERNAL RESET

Note 1: The tost time-out Is invoked every time the chip comes out of reset.

FIGURE 13.1.6 - USING ON-CHIP POR (FAST VDD RISE TIME)

MCLR

|

Vop ___/

INTERNAL POR

4—— tosT —®

OST TIME-OUT

INTERNAL RESET
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FIGURE 13.1.7 - USING ON-CHIP POR (SLOW Vpp RISE TIME)

voo L_,// Vi
MCLR _—/

5V

INTERNAL POR r

OST TIME-OUT

+— tosT —*

INTERNAL RESET

|

When Voo rises slowly, the internal time-out period expires long before VDD has reached its final
value. In this example, the chip will reset properly if, and only if, V12 VDOMIN.

14.0 POWER DOWN MODE (SLEEP)

The power-down mode is entered by executinga SLEEP
instruction.

Ifenabled, the Watchdog Timer will be cleared butkeeps
running, the bitPD inthe STATUS register is cleared, the
TO bit is set, and the oscillator driver is turned off. The
1/0 ports maintain the status they had, before the SLEEP
command was executed (driving high, low, or hi-imped-
ance).

For lowest current consumption in this mode, all I/O pins
should be either at VDD, or Vss, with no external circuitry
drawing current from the I/O pin. I/O pins that are in the
High-Z mode should be pulled high or low externally to
avoid switching currents caused by fioating inputs. The
RTCC input should also be at Vbob or Vss for lowest
current consumption.

The MCLR pin must be at VIHMC.

14.1 Wake-Up

The device can be awakened by a Watchdog Timer
timeout (if it is enabled) or an extemally applied "low"
pulse at the MCLR pin. In both cases the PIC16C5X will
stay in RESET mode for one oscillator start-up timer
period (triggered from rising edge on MCLR or WDT
timeout) before normal program execution resumes.

The PD bitin the STATUS register, which is set to one
during power-on , but cleared by the "SLEEP" com-
mand, can be used to determine if the processor was
powered up or awakened from the power-down mode
(Table 4.5.1.2). The TO bit in the STATUS register can
be used to determine if the "wake up" was caused by an
extemal MCLR signal or a Watchdog Timer timeout.

NOTE: Some applications may require extemal R/C
networks on the MCLR pin in order to allow for oscillator
startup times longer than one OST period. In this case,
a WDT wake up from power-down mode is not recom-
mended, because a RESET generated by a WDT time
out does not discharge the external capacitor, and the
PIC16C5X will be in RESET only for the Oscillator Start-
up Timer period.

15.0 CONFIGURATION FUSES

The configuration EPROM consists of four EPROM
fuses which are not part of the normal EPROM for
program storage.

Two are for the selection of the oscillator type, one is the
Watchdog Timer enable fuse, and one is the code
protection fuse.

OTP or QTP devices have the oscillator configuration
programmed by the factory and the parts are tested
accordingly. The packages are marked with the suffixes
*XT*, "RC*, "HS" or "LP"* following the part number to
identify the oscillator type and operating range.

15.1 Customer 1D Code

The PIC16C5X series has 16 special EPROM bits which
are not part of the normal program memory. These bits
are available to the user to store an Identifier (ID) code,
checksum, or other informative data. They cannot be
accessed during normal program execution.

© 1994 Microchip Technology Inc.
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15.2 Code Protection

The program code written into the EPROM can be
protected by programming the code protection fuse with
*0".

When code protected, the contents of the program
EPROM cannot be read out in a way that the program
code can be reconstructed. In addition, all memory
locations starting at 040h and above are protected
against programming. :

Itis still possible to program locations 000h - 03Fh, the
ID locations and the configuration fuses.

Note that the configuration fuses and the ID bits can still
be read, even if the code protection logic is active.

in P.
When code protected verifying any program memory
location will read a scrambled output which looks like
*00000000XXXX" (binary) where X is 1 or 0. To verify a
device after code protection, follow this procedure:
a. First, program and verify a good device without code
protecting it.
b. Next, blow its code protection fuse and then load its
contents in a file.
c. Verify any code-protected Part against this file.
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16.0 ELECTRICAL CHARACTERISTICS

16.1 Absojute Maximum Ratings*

Ambient temperature under bias......... -55'C to +125°C

*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 atthose orany

Storage Temperature -65°'Cto +150°C other conditions above those indicated in the operation listings

Voltage on any pin with respect to Vss of this specification is notimplied. Exposure to maximum rating

(except VoD and MCLR) .............. -0.6V to Voo +0.6 V conditions for extended periods may affect device reliability.

Voltage on VDD with respect to Vss............. Oto+75V

Voltage on MCLR with respect to Vss Notes: 1. Total power dissipation should not exceed 800

(Note 2) Oto +14V mW for the package. Power dissipation is
calculated as follows:

Total power Dissipation (Note 1).................... 800 mW
Max. Current out of Vss pin ...... .

Max. Current into VDD pin .....
Max. Current into an input pin
Input clamp current, lik (Vi<0 or Vi>VDD) ........ +20 mA
Output clamp current, lok (V0<0 or VO>VDD) . 20 mA
Max. Output Current sinked by any /O pin ....... 25 mA
Max. Output Current sourced by any l/O pin .... 20 mA
Max. Output Current sourced by a single

Pdis = Voo x{Ilop- X loh} + ¥ {(VDD-Voh) x loh}
+ X(Vol x lol)

2. Voltage spikes below Vss at the MCLR pin,
inducing currents greater than 80mA, may
cause latch-up. Thus, a series resistor of 50-
100Q should be used when applying a "low'
level to the MCLR pin rather than puiling this
pin directly to Vss.

I/0 port (Port A, B, or C) 40 mA
Max. Output Current sinked by a single
/O port (Port A, B, or C) 50mA
TABLE 16.2 - PIN DESCRIPTIONS
Name Function Description
RAO - RA3 1/0 PORTA Four input/output lines.
RBO - RB7 /0 PORTB Eight input/output lines.
RCO - RC7 /0 PORTC Eight input/output lines, (PIC16C55/C57 only).
RTCC Real Time Clock/Counter Schmitt Trigger Input.
Clock input to RTCC register. Must be tied to Vss or VDD if
not in use to avoid unintended entering of test modes and
to reduce current consumption.
MCLR Master Clear Schmitt Trigger Input.
A "Low" voltage on this input generates a RESET condition
for the PIC16C5X microcontrolier.
A rising voltage triggers the on-chip oscillator start-up timer
which keeps the chip in RESET mode for about 18ms. This
input must be tied directly, or via a pull-up resistor, to Vbp.
0SC1 Oscillator (input) *XT*, "HS" and "LP" devices: Input terminal for crystal,
ceramic resonator, or extemal clock generator.
"RC" devices : Driver terminal for external RC combination
to establish oscillation.
0OSC2/CLKOUT Oscillator (output) For *XT*, "HS" and "LP" devices: Output terminal for crystal
and ceramic resonator. Do not connect any other load to
this output. Leave open if external clock generator is used.
For "RC" devices : A "CLKOUT" signal with a frequency of
1/4 Fosc1 is put out on this pin.
Vob Power supply
Vss Ground
N/C No (internal) Connection

© 1994 Microchip Technology Inc. DS30015K-page 29

2-31



PIC16C5X Series

16.3 DC CHARACTERISTICS: PIC16C5X-RC, XT, HS. LP (Commercial)
DC CHARACTERISTICS,  Standard Operating Conditions
POWER SUPPLY PINS Operating temperature 0 < TA < +70°C, unless otherwise stated
Operating voltage VDD = 3.0V to 5.5V unless otherwise stated
Typ
" Characteristic Sym | Min |(Note 1) Max |Units Conditions
Supply Voltage
PIC16C5X-XT Voo 3.0 625 |V Fosc = DC to 4 MHz
PIC16C5X-RC 3.0 6.25 |V Fosc = DC to 4 MHz
PIC16C5X-HS 45 55 |V Fosc = DC to 20 MHz
PIC16C5X-LP 25 625 |V Fosc = DC to 40 KHz
RAM Data Retention VDR 15 v Device in SLEEP mode
Voltage (Note 3)
Voo start voltage to VPOR Vss v See Section 13.1 for details on power on
guarantee power on reset reset
Voo rise rate to guarantee | Svop 0.051 V/ms | See Section 13.1 for details on power on
power on reset
Supply Current (Note 2)
PIC16C5X-XT lop 1.8 3.3 |mA | Fosc=4 MHz, VoD=5.5V
PIC16C5X-RC (Note 5) 1.8 33 mA | Fosc =4 MHz, VoD = 6.5V
PIC16C5X-HS 4.8 10 mA | Fosc =10 MHz, VoD = 5.5V
9.0 20 mA | Fosc =20 MHz, VoD = 5.5V
PIC16C5X-LP 15 32 pA | Fosc = 32 KHz, Vop=3.0V, WDT disabled
Power Down Current
(Note 4)
PIC16C5X IPD 4 12 pA VoD = 3.0V, WDT enabled
0.6 9 HA Vop = 3.0V, WDT disabled

* These parameters are based on characterization and are not tested.

Note 1:

Note 2:

Note 3:
Note 4:

Note 5:

Data in the column labeled "Typical" is based on characterization results at 25°C. This data is for design
guidance only and is not tested for, or guaranteed by Microchip Technology.

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

a) The test conditions for all Iob measurements in active operation mode are:

0SC1=external square wave, from rail to rail; all I/O pins tristated, pulled to Vop, RT = Voo, MCLR = Voo; WDT
enabled/disabled as specified.

b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode.
This is the limit to which VDo can be lowered in SLEEP mode without losing RAM data.

The power down current in SLEEP mode does not depend on the oscillator type. Power down current is
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to VoD and Vss.
Does not include current through Rext. The current through the resistor can be estimated by the formula

Ir = VoD/2Rext (mA) with Rext in kOhm.

DS30015K-page 30

© 1994 Microchip Technology Inc.



PIC16C5X Series

164 XI-RC, XT, HS. LP ustrial
DC CHARACTERISTICS, Standard Operating Conditions
POWER SUPPLY PINS Operating temperature -40 < Ta < +85°C, unless otherwise stated
Operating voltage VoD = 3.5V to 5.5V unless otherwise stated
Typ
Characteristic Sym | Min |(Note 1)| Max | Units Conditions
Supply Voltage
PIC16C5X-XT Vop 3.0 625 | V Fosc = DC to 4 MHz
PIC16C5X-RC 3.0 625 | V Fosc = DC to 4 MHz
PIC16C5X-HS 45 55 \' Fosc = DC to 20 MHz
PIC16C5X-LP 25 625 | V Fosc = DC to 40 KHz
RAM Data Retention VbR 1.5 Vv Device in SLEEP mode
Voltage (Note 3)
Voo start voltage to VPOR Vss v See section 13.1 for details on power on
guarantee power on reset reset
Vob rise rate to guarantee |Svoo | 0.05* V/ms | See section 13.1 for details on power on
power on reset reset
Supply Current (Note 2)
PIC16C5X-XT lop 18 3.3 mA Fosc = 4 MHz, VoD = 5.5V
PIC16C5X-RC (Note 5) 18 33 mA Fosc = 4 MHz, VoD = 5.5V
PIC16C5X-HS 4.8 10.0 | mA Fosc = 10 MHz, VoD = 5.5V
9.0 |20.0 | mA | Fosc=20MHz, Vob=5.5V
PIC16C5X-LP 19 40 HA Fosc = 32 KHz, VoD = 3.0V, WDT disabled
Power Down Current
(Note 4)
PIC16C5X IPD 5 14 HA VoD = 3.0V, WDT enabled
08 12 HA VDD = 3.0V, WDT disabled

* These parameters are based on characterization and are not tested.

Note 1:

Note 2:

Note 3:
Note 4:

Note 5:

Data in the column labeled "Typical" is based on characterization results at 25°C. This data is for design
guidance only and is not tested for, or guaranteed by Microchip Technology.

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

a) The test conditions for all Ibb measurements in active operation mode are:

0OSC1=external square wave, from rail to rail; all I/O pins tristated, pulled to Vop, RT = Vop, MCLR = Vop; WDT
enabled/disabled as specified.

b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode.
This is the limit to which VbD can be lowered in SLEEP mode without losing RAM data.

The power down current in SLEEP mode does not depend on the oscillator type. Power down current is
measured with the part in SLEEP mode, with all /O pins in hi-impedence state and tied to Vbp and Vss.
Does not include current through Rext. The current through the resistor can be estimated by the formula

Ir = Vob/2Rext (mA) with Rext in kOhm.
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16.5 DC CHARACTERISTICS: PIC16CSXE-RC, XT, HS. LP (Automotive)

DC CHARACTERISTICS, Standard Operating Conditions
POWER SUPPLY PINS Operating temperature -40 < TA < +125°C, unless otherwise stated
Operating voltage VDD = 3.5V to 5.5V unless otherwise stated
Typ
Characteristic Sym | Min (Note 1) Max | Units Conditions
Supply Voltage
PIC16C5X-XT Voo 3.25 6.0 v Fosc = DC to 4 MHz
PIC16C5X-RC 325 6.0 v Fosc = DC to 4 MHz
PIC16C5X-HS 45 55 v Fosc = DC to 20 MHz
PIC16C5X-LP 2.5 6.0 \ Fosc = DC to 40 KHz
RAM Data Retention VOR 1.5 v Device in SLEEP mode
Voitage (Note 3)
Voo start voltage to VPOR Vss Vv See section 13.1 for details on power on
guarantee power on reset reset
Voo rise rate to guarantee [ Svbp | 0.057 V/ms | See section 13.1 for details on power on
power on reset reset
Supply Current (Note 2)
PIC16C5X-XT oo 18 |33 mA | Fosc =4 MHz, VoD = 5.5V
PIC16C5X-RC (Note 5) 18 |33 mA Fosc = 4 MHz, VoD = 5.5V
PIC16C5X-HS 48 [10.0 | mA | Fosc= 10 MHz, VDD = 5.5V
9.0 |20.0 | mA Fosc = 16 MHz, Vop = 5.5V
PIC16C5X-LP 25 55 pA Fosc = 32 KHz, Voo = 3.25V, WDT disabled
Power Down Current
(Note 4)
PIC16C5X Iro 5 22 pA VoD = 3.25V, WDT enabied
08 |18 pA Voo = 3.25V, WDT disabled

* These parameters are based on characterization and are not tested.

Note 1:

Note 2:

Note 3:
Note 4:

Note 5:

Data in the column labeled "Typical* is based on characterization results at 25°C. This data is for design
guidance only and is not tested for, or guaranteed by Microchip Technology.

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

a) The test conditions for all Iobb measurements in active operation mode are:

0SC1= extemnal square wave, from rail to rail; all /O pins tristated, pulled to Voo, RT = Voo, MCLR = Voo; WDT
enabled/disabled as specified.

b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode.
This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data.

The power down current in SLEEP mode does not depend on the oscillator type. Power down current is
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to VDD and Vss.
Does not include current through Rext. The current through the resistor can be estimated by the formula

Ir = VDb/2Rext (mA) with Rext in kOhm.
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16.6 DC CHARACTERISTICS: PIC16CSX-RC, XT, HS. LP (Commerciai)
Pl I-R H In rial
DC CHARACTERISTICS, Standard Operating Conditions (unless otherwise stated)
ALL PINS EXCEPT POWER SUPPLY Operating temperature -40 < TA < +85°C for industrial
and 0°C < TA < +70°C for commercial
Operating voltage VDD range as described in DC spec tables
16.3 and 16.4
Characteristic Sym Min Typ Max Units Conditions
(Note 1)
Input Low Voltage
1/0 ports Vi Vvss 0.2 Voo \" Pin at hi-impedance
MCLR (Schmitt trigger) Vss 0.15 Vbp \'
RTCC (Schmitt trigger) Vss 0.15 Voo \
OSC1 (Schmitt trigger) Vss 0.15 Vop v PIC16CSXRC only (Note 5)
0OsC1 Vss 0.3 Voo \ PIC16C5X-XT, HS, LP
Input High Voltage
/O ports ViH 0.45 VoD Vob v For all Vbo (Note 6)
2.0 Vop v 4.0V < VoD <5.5V (Note 6)
0.36 VDD Voo ) Vobo>5.5V
MCLR (Schmitt trigger) 0.85 Vbp Vo v
RTCC (Schmitt trigger) 0.85 Voo Vop v
OSC1 (Schmitt trigger) 0.85 Voo Vop v PIC16C5X-RC only (Note 5)
0SsC1 0.7 Voo Voo \4 PIC16C5X-XT, HS, LP
Input Leakage Current For Vop <5.5V
(Notes 3, 4)
/O ports liL -1 0.5 +1 pA | Vss< VpPIN< VDD,
Pin at hi-impedance
MCLR -5 A | VPIN=Vss+0.25V
MCLR 0.5 +5 pA | VPIN=VDD
RTCC -3 0.5 +3 pA | Vss < VPIN < VDD
0OSC1 -3 0.5 +3 WA | Vss<VPINSVDD,
PIC16C5X-XT, HS, LP
Output Low Voltage
I/0 Ports VoL 0.6 v loL = 8.7 mA, VoD = 4.5V
0OSC2/CLKOUT 0.6 v loL = 1.6 mA, VoD = 4.5V
PIC16C5X-RC)
Output High Voltage
I/0 Ports (Note 4) VoH Vop-0.7 v |oH = -5.4 mA, VDD = 4.5V
0OSC2/CLKOUT Vop-0.7 v IoH = -1.0 mA, VDD = 4.5V
(PIC16C5X-RC)

Note 1: Datainthe columnlabeled "Typical" is based on characterization results at 25 ° C. This data is for design guidance
only and is not tested for, or guaranteed by Microchip Technology.

Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded.

Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels
represent normal operating conditions. Higher leakage current may be measured at different input voltages.

Note 4 : Negative current is defined as coming out of the pin.

Note 5 : For PIC16CSXRC devices, the OSC1 pin is a Schmitt trigger input. [t is not recommended that the PIC16C5X
be driven with external clock in RC mode.

Note 6: The user may use better of the two specifications.
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16.7 DC CHARACTERISTICS: PIC16C5X-RC, XT, HS. LP (Automotive)

DC CHARACTERISTICS, Standard Operating Conditions (uniess otherwise stated)
ALL PINS EXCEPT POWER SUPPLY  Operating temperature -40 < TA < +125°C
Operating voltage VoD range as described in DC spec tables
16.3 and 16.4
Characteristic Sym Min Typ Max Units Conditions
(Note 1)
Input Low Voitage
1/0 ports viL Vss 0.15 Voo v Pin at high-impedance
MCLR (Schmitt trigger) Vss 0.15 Voo v
RTCC (Schmitt trigger) Vss 0.15 Voo Vv
OSC1 (Schmitt trigger) Vss 0.15 Vbp \' PIC16C5XRC only (Note 5)
0sC1 Vss 0.3 Voo v PIC16C5X-XT, HS, LP
Input High Voltage
/O ports ViH 0.45 Vop Vbp \' For all Vob (Note 6)
2.0 Voo v 4.0V < Vop <5.5V (Note 6)
0.36 Vob VoD " Vop>5.5V
MCLR (Schmitt trigger) 0.85 VbD VbD Vv
RTCC (Schmitt trigger) 0.85 Voo VoD \
OSC1 (Schmitt trigger) 0.85 VDD Voo A PIC16C5X-RC only (Note 5)
0SC1 0.7 Voo Voo v PIC16C5X-XT, HS, LP
Input Leakage Current For Voo <5.5V
(Notes 3, 4)
/O ports i -1 0.5 +1 MA | VsS<VPIN < VDD,
Pin at hi-impedance
MCLR -5 pA | VPIN =Vss +0.25V
MCLR 0.5 +5 uwA | VPIN=VDD
RTCC -3 0.5 +3 nA | Vss < VPIN< VDD
OSCt -3 0.5 +3 MA | Vss<VPINS VDD,
PIC16C5X-XT, HS, LP
Output Low Voltage
I/0 Ports VoL 0.6 v loL = 8.7 mA, VoD = 4.5V
OSC2/CLKOUT 0.6 " loL = 1.6 mA, Voo = 4.5V
(PIC16C5X-RC)
Output High Voltage
/0 Ports (Note 4) VoH Vop-0.7 \' IOH = -5.4 mA, VDD = 4.5V
0SC2/CLKOUT Vop-0.7 v IoH = -1.0 mA, VoD = 4.5V
(PIC16C5X-RC)

Note 1: Datainthe column labeled *Typical® is based on characterization results at 25 ° C. This data is for design guidance
only and is not tested for, or guaranteed by Microchip Technology.

Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded.

Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels
represent normal operating conditions. Higher leakage current may be measured at different input voltages.

Note 4 : Negative current is defined as coming out of the pin.

Note 5 : For PIC16C5XRC devices, the OSC1 pin is a Schmitt trigger input. |t is not recommended that the PIC16C5X
be driven with external clock in RC mode.

Note 6: The user may use better of the two specifications.
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16.8 AC CHARACTERISTICS: PIC16C5X-RC, XT, HS, LP (Commercial)
PIC16C5XI-RC, XT, HS, LP (Industrial)
| - HS, L i
AC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated)
Operating temperature TA = -40°C to +85°C (industrial),
TA = -40°C to +125°C (automotive) and 0°C < TA < +70°C (commercial)
Operating voltage VoD range as described in DC spec tables 16.3 and 16.4
Characteristic Sym Min Typ Max | Units Conditions
(Note 1)
External CLOCKIN Fosc DC 4 MHz | RC mode
Frequency (Note 2) DC 4 MHz | XTmode
DC 20 MHz | HS mode (Com/Ind)
DC 16 MHz | HS mode (Automotive)
DC 40 KHz LP mode
Osctilator Frequency Fosc DC 4 MHz | RC mode
(Note 2) 0.1 4 MHz | XT mode
4 20 MHz | HS mode (Com/ind)
4 16 MHz | HS mode (Automotive)
DC 40 KHz LP mode
Instruction Cycle Time Tey 1.0 4/fFosc DC | ps RC mode
(Note 2) 1.0 DC us XT mode
0.2 DC us HS mode
100 DC us LP mode
External Clock in Timing
(Note 4)
Clock in (OSC1) High or Low Time
XT oscillator type TekHLr | 50" ns
LP oscillator type TekHLLe | 2* us
HS oscillator type TekHiHs | 20* ns
Clock in (OSC1) Rise or Fall Time
XT oscillator type Tekrext | 25* ns
LP oscillator type TckreLP | 50* ns
HS oscillator type TCKRFHS | 25* ns
RESET Timing
MCLR Pulse Width (low) TMCL 100* ns
RTCC Input Timing, No Prescaler
RTCC High Pulse Width TRTH 0.5 Tev+ 20 ns Note 3
RTCC Low Pulse Width TRIL 0.5 Tcv+ 20* ns Note 3
RTCC Input Timing, With Prescaler
RTCC High Pulse Width TRTH 10* ns Note 3
RTCC Low Pulse Width TaTL 10* ns Note 3
RTCC Period TRTP Tov+40" ns Note 3. Where N = prescale
N value (2,4, ..., 256)
Watchdog Timer Timeout Period
(No Prescaler) Twor g9* 18* 30" | ms Vop = 5.0V
Oscillation Start-up Timer Period Tost 9* 18* 30" | ms VoD = 5.0V
1/0 Timing
1/0 Pin Input Valid Before
CLKOUTT (RC Mode) Tos 0.25 Tey+ 30* ns
1/0 Pin Input Hold After
CLKOUTT (RC Mode) ToH 0* ns
1/0 Pin Qutput Valid After
CLKOUTY (RC Mode) T 40* | ns
* Guaranteed by characterization, but not tested. (Notes on next page)
© 1994 Microchip Technology Inc. DS30015K-page 35

2-37



PIC16C5X Series

NOTES TO TABLE 16.8: result in an unstable oscillator operation and/or higher than ex-
pected current consumption. All devices are tested to operate at
*min." values with an external clock applied to the 0SC1 pin.

When an external clock input is used, the *Max.” cycle time limit

1. Data in the column labeled “Typical® is based on characterization
results at 25°C. This data is for design guidance only and is not

tested for, or guaranteed by Microchip Technology. is "DC" (no clock) for all devices.

2. Instruction cycle period (Tcy) equals four times the input oscillator 3. For a detailed expianation of RTCC input clock requirements see
time base period. section 4.2.1.
Al specified values are based on characterization data for that 4. Clock-inhigh-timeisthe durationforwhich clockinputisat VIHOSC
particular oscillator type under standard operating conditions with or higher.
the device executing code. Exceeding these specified limits may Clock-in low-time s the duration for which clock inputis at VILOSC

" orlower.
16.9 Electrical Structure of Pins 17.0 TIMING DIAGRAMS
FIGURE 16.9.1 - ELECTRICAL FIGURE 17.0.1 - RTCC TIMING

STRUCTURE OF VO PINS (RA, RB, RC)

Voo

>+

FIGURE 16.9.2 - ELECTRICAL FIGURE 17.0.2 - OSCILLATOR START-UP TIMING (PIC16C5XRC)
STRUCTURE OF MCLR AND RTCC PINS

Bl
?

H
H
H Tost T

MCLR, Schmitt trigger

Input butter CLKOUT ——————————nmmmmmmee J l r I___‘

'

FETCH 1. INSTRUCTION | FETCH 2. INSTRUCTION |

EXECUTE "FORCED" NOP | EXECUTE 1. INSTRUCTION T
H

DEVICE RESET

Notes to Figures 16.9.1 and 16.9.2: The diodes and the grounded gate (or output driver) NMOS device are carefully designed to protect against ESD
(Electrostatic discharge) and EOS (Electrical overstress). Rin is a small resistance to further protect the input buffer from ESD.

FIGURE 17.0.3 - INPUT/OUTPUT TIMING FOR /O PORTS (PIC16C5XRC*)

Tey
T .
1

0sc2/

CLKOUT l

: ; Tds

Tdh ,
]

R 7/, ST/ A A

l.—’. :
"Ted 1 1Ted
ouTRUT HIGH - Z X

* The CLKOUT output is available only on PIC16C5XRC devices.
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18.0 DC AND AC CHARACTERISTICS GRAPHS/TABLES:

The graphs and tables provided in this section are for FIGURE 18.0.1 - TYPICAL RC OSCILLATOR
design guidance and are not tested or guaranteed. In FREQUENCY vs.
some graphs or tables the data presented are outside TEMPERATURE

specified operating range (e.g. outside specified Vob

range). This is for information only and devices are oo
guaranteed to operate property only within the specified Foec 350 FREGUENCY NOR T0425C
range. 108 W ‘”,m :
The data presented in this section is a statistical sum- 106 psiotoeet
mary of data collected on units from different lots over a 104
period of time. Typical' represents the mean of the
distribution while 'max' or ‘min' represents (mean + 3c) e
and (mean - 3c) respectively where ¢ is standard 100
deviation.
0.98
096
094
08
0.80
o 10 2
FIGURE 18.0.2 - TYPICAL RC OSCILLATOR FIGURE 18.0.3 - TYPICAL RC OSCILLATOR
FREQUENCY vs Vbp* FREQUENCY vs VpbD*
55 18 T
R=3.3k
50 —— R=3.3k 16
45 e
/ 14
\
40 M~
T R=5k 12 E— S R=sk
35 r\
= g
§ 30 é 10
g
g 25 & 08 ~__|
20 R=10k | 1 RelOk |
06
15
04
10
Cext = 20pF, T=25C 02
05
R=100k
R=100k
0 L o I
30 35 40 45 50 55 60 30 35 40 45 50 55 60
Vo (Volts) Voo (Volts)
* Measured on DIP packages. * Measured on DIP packages.
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FIGURE 18.0.4 - TYPICAL RC OSCILLATOR TABLE 18.0.1 - RC OSCILLATOR
FREQUENCY vs Vpp* FREQUENCIES*
800 Cext Rext Average
Fosc @ 5V, 25°C
700 M—
— 20pF 3.3k 4.973 MHz +27%
\\R—&ak p
5k 3.82 MHz +21%
80 ] 10k 2.22 MHz £21%
T B 100k | 262.15KHz +31%
__ 500 R=5k 100pF 3.3k 1.63 MHz +13%
€ B 5k 119MHz |  +13%
3 00 10k 648.64 KHz +18%
u \’\ 100k 71.56 KHz +25%
300 300pF 3.3k 660.0 KHz +10%
t—_R=10k
— 5k 484.1 KHz +14%
200 10k 267.63 KHz +15%
100k 29.44 KHz +19%
100 * Measured on DIP packages.
R=I100‘(
o | The percentage variation indicated here is part to part
30 35 40 45 50 55 60 variation due to normal process distribution. The varia-
Vo (Volts) tion indicated is +3 standard deviation from average
value for Vbp = 5V.

* Measured on DIP packages.

FIGURE 18.0.5 - TYPICAL Ipd vs VoD FIGURE 18.0.6 - TYPICAL Ipd vs Vbp
WATCHDOG DISABLED 25°C WATCHDOG ENABLED 25°C
25 18
/ 16 /
2 4 14

ipd (uA)
tpd (uA)
3
N

s /|
1 4
6 /’
4 /|
s P
2 p
0 0
25 30 35 40 45 50 55 60 25 30 35 40 45 50 55 60
Vo (Volts) Vo (Volts)
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FIGURE 18.0.7 - MAXIMUM Ipd vs VDD

FIGURE 18.0.8 - MAXIMUM Ipd vs VDD

WATCHDOG DISABLED WATCHDOG ENABLED*
100 O]
Temp. ('C)
> o V.
85 |Temp.(C)=125 | 1—"1 4/
85 1 = _/_A/ — ,‘1
10 40 7
. = 78y
é :——9— é 30 r'}/ 7 Ve
et ° ¥ s,
& 140 l— i< A A 0 A
- 40 ) L7 /
d LA el LA LT
= T AT
85| ,77 55 17
10 ’L/ 2] e L
[ S 0
0 0
25 30 35 40 45 50 55 60 65 7.0 25 30 35 40 45 50 55 60 65 70
Vo (Volts) VD (Volts)

*  IPD, with watchdog timer enabled, has two components: The leakage current which increases with higher temperature and the
operating current of the watchdog timer logic which increases with lower temperature. At -40°C, the latter dominates explaining the

apparently anomalous behavior,

FIGURE 18.0.9 - VTH (INPUT THRESHOLD VOLTAGE) OF /O PINS vs VDD

VTH (Input threshold voltage) of I/O pins
2.00
l' \035'0\ /
1.80 /W\A}.}
1.60 —
/
. / IR V/
£ 140 25C. %
[=]
z / / | ‘035.0\ /
£120 %\“\wc =
1.00 =]
/ /
0.80 —
0.60
25 3.0 35 40 45 5.0 55 6.0
VoD (volts)
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FIGURE 18.0.10 - ViH, Vi OF MCLR, RTCC AND OSC1 (IN RC MODE) vs VDD

4.50
4.00 SOV 7
[S)
250 o Qw///
- w . —
=) ;
g 300 \Mﬂ"‘wc\o&‘»c‘
S 250 L
: —
- 2.00 / L
I
> 150 1 .
=T [ v, max (4CLEO L _——
1.00 Vi, TYP, 25C——
| —TTamn®Cw08O |
0.50
—
000 B
25 3.0 35 40 45 5.0 5.5 6.0
VoD (volts)
Note: These input pins have Schmitt trigger input buffer.

FIGURE 18.0.11 - VTH (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT (IN XT, HS, AND LP

MODES) vs VoD

3.40
3.20
3.00
2.80
2.60
240
220
2.00
1.80
1.60
1.40
1.20
1.00

VTH (volts)

\\‘
\\ \ \
\

T

2 3.0 35 40 45 5.0 55 6.0

VoD (volts)
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PIC16C5X Series

FIGURE 18.0.12 - TYPICAL Ipp vs FREQ (EXT CLOCK, 25°C)
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FIGURE 18.0.13 - MAXIMUM Ipp vs FREQ (EXT CLOCK, -40° to +85°C)
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FIGURE 18.0.14 - MAXIMUM Iop vs FREQ (EXT CLOCK, -55° to +125°C)
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FIGURE 18.0.15 - WDT Timer Time-out Period

FIGURE 18.0.16 - Transconductance (gm) of

vs VoD HS Oscillator vs VDD
50.0 9000
450 |—\ 8000 /
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FIGURE 18.0.17 - Transconductance (gm) of FIGURE 18.0.18 - Transconductance (gm) of
LP Oscillator vs VoD XT Oscillator vs VDD
450 / 2500
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50 » 2000 #)9
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00 0
2 3 4 5 6 7 2 3 4 5 6 7
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FIGURE 18.0.19 - oK vs VOH, VDD = 3V FIGURE 18.0.20 - loH vs VOH, VDD = 5V
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FIGURE 18.0.21 - loL vs VoL, Vop = 3V FIGURE 18.0.22 - loL vs VoL, VDD = 5V
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@ 40C
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0 05 1 15 2 25 3 0o 05 1 15 2 25 3
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TABLE 18.0.2 - INPUT CAPACITANCE FOR TABLE 18.0.3 - INPUT CAPACITANCE FOR
PIC16C54/56 * PIC16C55/57 *
Typical Capacitance (pF) Typical Capacitance (pF)
Pin Name Pin Name
18L PDIP 18L SOIC 28L PDIP 28L SOIC
(600 mil)
RA port 5.0 4.3
RB po@rt 50 43 RA port 5.2 48
MCLR 17.0 17.0 RB port 5.6 4.7
0sCt 40 35 RC port 5.0 41
0SC2/CLKOUT 43 35 MCLR 17.0 17.0
RTCC 3.2 28 osct 6.6 35
OSC2/CLKOUT 46 35
* Al capacitance values are typical at 