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MICROCHIP

DATA SHEET MARKINGS

Microchip uses various data sheet markings to designate each document phase as it relates to the product develop-
ment stage. The markings appear at the bottom of the data sheet, between the copyright and document and page
numbers. The definitions for each marking are provided below for your use.

rki Description
Advanced Information

becomes available.
Preliminary

The information is on products in the design phase. Your designs should not be final-
ized with this information as revised information will be published when the product

This is preliminary information on new products in production but not yet fully charac-

terized. The specifications in these data sheets are subject to change without notice.
Before you finalize your design, please ensure that you have the most current revision
of the data sheet by contacting your Microchip sales office, representative or distribu-

tor.
No Marking

Information contained in the data sheet is on products in full production.

“Information contained in this publication regarding device applications
and the like is intended through suggestion only and may be superseded
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.”

PIC is a registered trademark of Microchip Technology Inc. in the U.S.A

PICMASTER and PICSTART are registered trademarks of Microchip
Technology Inc.

PRO MATE, PICSEE, TrueGauge name and logo, fuzzyLAB, Smart
Serial, Total Endurance, and UniMouse are trademarks of Microchip
Technology Inc.

SQTP is a service mark of Microchip Technology Inc.

The Microchip logo and name, The Emerging World Standard, and The
Embedded Control Solutions Company are trademarks of Microchip
Technology Inc.

Al rights reserved. Copyright © 1995, Microchip Technology, Inc.

ACCESS.bus is a trademark of the ACCESS.bus Industry Group (ABIG).
fuzzyTECH is a registered trademark of Inform Software Corporation. 12c
is a trademark of Philips Corporation. IBM, IBM PC-AT, IBM PC/XT, and
PS/2 are registered trademarks of International Business Machines Corp.
Pentium is a trademark of Intel Corporation. MS-DOS and Microsoft Win-
dows are registered trademarks of Microsoft Corporation. Windows and
Excel are trademarks of Microsoft Corporation. CompuServe is a regis-
tered trademark of CompuServe Incorporated. Apple and Macintosh are
registered trademarks of Apple Computer, Inc. Apple Desktop Bus (ADB)
is a trademark of Apple Computer Inc. Microwire is a trademark of
National Semiconductor.

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

Company Profile

INTRODUCTION TO THE EMBEDDED
CONTROL SOLUTIONS COMPANY™

Microchip Technology's mission is to offer leadership
semiconductor products for embedded control system
applications. To do this we have focusedSystem Man-
agement Bus our technology, engineering, manufactur-
ing and marketing resources on two synergistic
product lines: 8-bit PIC16/17 microcontrollers and
Serial EEPROMS. These product lines provide the
solutions to many of the problems facing designers of
embedded control systems.

We publish the Microchip Data Book and Embedded
Control Handbook to assist our customers, existing
and new, in their efforts to design and produce
state-of-the-art embedded control systems.

HIGHLIGHTS

Inside Microchip Technology you'll find:

* A focus on providing high-performance,
cost-effective, field-programmable embedded
control solutions

* An experienced executive team focused on inno-
vation and committed to listening to our customers

* 8-bit RISC field-programmable microcontrollers
and supporting logic products

¢ Serial and Parallel EEPROMs and EPROMs

* A variety of end-user Application-Specific
Standard Products

¢ Fully integrated manufacturing capabilities

* A global network of manufacturing and customer
support facilities

¢ A unique corporate culture dedicated to continu-
ous improvement

« Distributor network support worldwide including
certified distribution FAEs

BUSINESS SCOPE

Microchip Technology Inc. manufactures and markets a
variety of VLSI CMOS semiconductor components to
support the market for cost-effective embedded control
solutions. In particular, the company specializes in
highly integrated, field-programmable RISC microcon-
trollers, application-specific standard products and
related non-volatile memory products to meet growing
market requirements for high performance, yet eco-
nomical embedded control capability in products.
Microchip's products feature the industry's most eco-
nomical OTP (one-time programmable), reprogramma-
ble EEPROM and ROM capability, along with the
compact size, integrated functionality, ease of develop-
ment and technical support so essential to timely and
cost-effective product development by our customers.

Chandler, Arizona:

Company headquarters near Phoenix, Arizona; execu-
tive offices, R & D and wafer fabrication occupy this
142,000-square-foot facility. An additional 100,000
square foot adjacent facility is under construction with
completion expected in mid-1995.

Tempe, Arizona:

Microchip’s 170,000-square-foot wafer fabrication facil-
ity provides increased manufacturing capacity today
and for the future. )

© 1995 Microchip Technology Inc.
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Microchip Technology Inc.

Customers Are Our Focus: We establish success-
ful customer partnerships by exceeding customer
expectations for products, services and attitude. We
start by listening to our customers, earning our cred-
ibility by producing quality products, delivering com-
prehensive services and meeting commitments. We
believe each employee must effectively serve their
internal customers in order for Microchip’s external
customers to be properly served.

Quality Comes First: We will perform correctly the
first time, maintain customer satisfaction and mea-
sure our quality against requirements. We practice
effective and standardized improvement methods,
such as statistical process control to anticipate prob-
lems and implement root cause solutions. We
believe that when quality comes first, reduced costs
follow.

Continuous Improvement Is Essential: We utilize
the concept of “Vital Few” to establish our priorities.
We concentrate our resources on continuously
improving the Vital Few while empowering each
employee to make continuous improvements in their
area of responsibility. We strive for constructive and
honest self-criticism to identify improvement opportu-
nities.

Employees Are Our Greatest Strength: We
design jobs and provide opportunities promoting
employee teamwork, productivity, creativity, pride in
work, trust, integrity, fairness, involvement, develop-
ment and empowerment. We base recognition,
advancement and compensation on an employee’s
achievement of excellence in team and individual
performance. We provide for employee health and
welfare by offering competitive and comprehensive
employee benefits.

Products And Technology Are Our Foundation:
We make ongoing investments and advancements in
the design and development of our manufacturing
process, device, circuit, system and software tech-
nologies to provide timely, innovative, reliable and
cost effective products to support current and future
market opportunities.

MICROCHIP

- Mission Statement -

Microchip Technology Incorporated is a leading supplier of field-programmable embedded control solutions by pro-
viding RISC microcontrollers and related non-volatile memory products. In order to contribute to the ongoing suc-
cess of customers, shareholders and employees, our mission is to focus resources on high value, high quality
products and to continuously improve all aspects of our business, providing a competitive return on investment.

- Guiding Values -

Total Cycle Times Are Optimized: We focus
resources to optimize cycle times to our internal and
external customers by empowering employees to
achieve efficient cycle times in their area of responsibil-
ity. We believe that cycle time reduction is achieved by
streamlining processes through the systematic removal
of barriers to productivity.

Safety Is Never Compromised: We place our con-
cern for safety of our employees and community at the
forefront of our decisions, policies and actions.. Each
employee is responsible for safety.

Profits And Growth Provide For Everything We Do:
We strive to generate and maintain competitive rates of
company profits and growth as they allow continued
investment for the future, enhanced employee opportu-
nity and represent the overall success of Microchip.

Communication Is Vital: We encourage appropriate,
honest, constructive, and ongoing communication in
company, customer and community relationships to
resolve issues, exchange information and share knowl-
edge.

Suppliers, Representatives, And Distributors Are
Our Partners: We strive to maintain professional and
mutually beneficial partnerships with suppliers, repre-
sentatives, and distributors who are an integral link in
the achievement of our mission and guiding values.

Professional Ethics Are Practiced: We manage our
business and treat customers, employees, sharehold-
ers, investors, suppliers, distributors, representatives,
community and government in a manner that exempli-
fies our honesty, ethics and integrity. We recognize our
responsibility to the community and are proud to serve
as an equal opportunity employer.

DS00027K-page 1-2
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MARKET FOCUS

Microchip targets selected markets where our
advanced designs, progressive process technology
and industry-leading product performance 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 which are
found throughout the consumer, automotive, telecom-
munication, office automation and industrial control
markets.

FULLY INTEGRATED
MANUFACTURING

Microchip delivers fast turnaround and consistent qual-
ity through total control over all phases of production.
Research and development, design, mask making,
wafer fabrication, and the major part of assembly and
quality assurance testing are conducted at facilities
wholly-owned and operated by Microchip. Our inte-
grated approach to manufacturing along with rigorous
use of advanced statistical process control (SPC) and
a continuous improvement culture has resulted in high
and consistent yields which have positioned Microchip
as a quality leader in its global markets. Microchip’s
unique approach to SPC provides customers with
excellent costs, quality, reliability and on-time delivery.

A GLOBAL NETWORK OF PLANTS
AND FACILITIES

Microchip is a global competitor providing local service
to the world’s technology centers. The Company’s focal
point is its design and technology advancement facility
in Chandler, Arizona. Product and technology develop-
ment is located here, along with front-end wafer fabri-
cation and wafer probe and sort.

In 1994, Microchip purchased a second wafer fabrica-
tion facility in Tempe, Arizona — thirteen miles from its
Chandler, Arizona, headquarters. The additional
170,000 square foot facility is meeting production
requirements beyond those which could be produced
in Microchip’s Chandler wafer facility. Assembly and
test facilities predominantly located in Kaohsiung, Tai-
wan, and Bangkok, Thailand, house the technology
and assembly and test equipment necessary for mod-
em plastic and ceramic packaging.

Sales and application offices are located in key cities
throughout the Americas, Asia/Pacific, Japan and
Europe. Offices are staffed to meet the high quality
expectations of our customers, and can be accessed
for technical and business support.

EMBEDDED CONTROL OVERVIEW

Unlike “processor” applications such as personal com-
puters and workstations, the computing or controlling
elements of embedded control applications are buried
inside the application. The user of the product is only
concerned with the very top-level user interface (such
as keypads, displays and high-level commands). Very
rarely does an end-user know (or care to know) the
embedded controller inside (unlike the conscientious
PC users, who are intimately familiar not only with the
processor typs, but also its clock speed, DMA capabil-
ities and so on).

It is, however, most vital for designers of embedded
control products to select the. most suitable controller
and companion devices. Embedded control products
are found in all market segments: consumer, commer-
cial, PC peripherals, automotive, telecommunications
(including fast-emerging personal telecommunication
products) and industrial. Most often embedded control
products must meet special requirements: cost-effec-
tiveness, low power, small footprint and a high level of
system integration.

Typically, most embedded control systems are
designed around a microcontroller which integrates
on-chip program memory, data memory (RAM) and
various peripheral functions, such as timers and serial
communication. In addition, these systems also usu-
ally require Serial EEPROM memories, display drivers,
keypads, small displays, etc.

Microchip Technology has established itself as a lead-
ing supplier of field-programmable embedded control
solutions. The combination of high-performance micro-
controllers from the PIC17CXX, PIC16CXX and
PIC16C5X families, along with industry leading nonvol-
atile memory products provides the basis for this lead-
ership.

Microchip is committed to continuous innovation and
improvement in design, manufacturing and technical
support to provide the best possible embedded control
solutions to you.

© 1995 Microchip Technology Inc.
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MICROCONTROLLERS

PIC16/17 microcontrollers from Microchip combine
high performance, low cost and small package size,
offering the best price/performance ratio in the industry.
Over 200 million of these devices have been used in
cost-sensitive consumer products, computer peripher-
als, office automation, automotive control systems,
security and telecommunication applications.

PIC16/17 MICROCONTROLLER
OVERVIEW AND ROADMAP

Microchip offers three families of 8-bit microcontrollers
to best fit your needs:

* PIC16C5X: Base-Line 8-bit Family
* PIC16CXX: Mid-Range 8-bit Family
¢ PIC17CXX: High-End 8-bit Family

All families offer One-Time-Programmable, low-voltage
and low-power options, as well as various packaging
options. Selected members are available in ROM and
reprogrammable versions.

The widely-accepted PIC16C5X, PIC16CXX  and
PIC17CXX families are the industry’s only 8-bit micro-
controllers using a high-speed RISC architecture.
Microchip pioneered the use of RISC architecture to
obtain high speed and instruction efficiency.

PIC16C5X: BASE-LINE FAMILY

PIC16C5X is the well established base-line family offer-
ing the most cost-effective solution. This PIC16C5X
products have a 12-bit wide instruction set and are cur-
rently offered in 18-, 20- or 28-pin packages. In SOIC
and SSOP packaging options, these are the smallest
footprint controllers. Low-voltage operation down to
2.0V makes this family ideal for battery operated appli-
cations. :

The PIC16C5X base-line family is in high-volume pro-
duction, shipping more than two million units per week,
and has achieved more than twenty-five thousand
design wins worldwide.

PIC16CXX: MID-RANGE FAMILY

PIC16CXX mid-range family offers a wide-range of
options, from 18-pin to 44-pin packages as well as low
to high level of peripheral integration. This family has a
14-bit wide instruction set, interrupt handling capability
and deeper 8-level hardware stack. The PIC16CXX
family provides the performance and versatility to meet
the requirements of more demanding, yet cost-sensi-
tive, mid-range 8-bit applications.

The PIC16CXX mid-range family is rapidly gaining
acceptance with several of its members introduced:
PIC16C61, PIC16C62, PIC16C63, PIC16C64,
PIC16C65, PIC16C620, PIC16C621, PIC16C622,
PIC16C71, PIC16C73, PIC16C74 and PIC16C84.

PIC17CXX: HIGH-END FAMILY

The PIC17CXX high-performance family offers the
world’s fastest execution performance of any 8-bit
microcontroller family in the industry. The PIC17CXX
family extends the PIC16/17 microcontroller’s high-per-
formance RISC architecture with a 16-bit instruction
word, enhanced instruction set and powerful vectored
interrupt handling capabilities. A powerful array of pre-
cise on-chip peripheral features provide the perfor-
mance for the most demanding 8-bit applications.

Currently, two members of the PIC17CXX family have
been announced. A third member will be available
soon.

Current PIC16/17 microcontroller product families
include advanced features such as sophisticated tim-
ers, embedded Analog-to-Digital Converter, extended
instruction/data memory, inter-processor communica-
tion (C™ bus, SPI and USARTs) and ROM, RAM,
EPROM and EEPROM memories.

Both PIC16CXX and PIC17CXX families are supported
by user-friendly development systems including
assembler, software simulator, C Compiler, fuzzy logic
development software, programmers and in-circuit
emulators.

ROM  EPROM EEPROM

High-End
16-Bit
Instruction

PIC17CXX

Mid-Range
14-Bit
Instruction

PIC16CXX

Base-Line
12-Bit
Instruction

PIC16C5X

Performance

Onboard Memory Technology ———————p»

CMOS PIC16/17
Microcontroller Families

*In development.

DS00027K-page 1-4
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FIGURE 1: PIC16/17 MICROCONTROLLER MIGRATION PATH

t <>

Price

- In Production
Q In Development

Performance

v

FIGURE 2: PIC16/17 SYNERGISTIC DEVELOPMENT TOOLS

Development Tool Name PIC16C5X PIC16CXX PIC17CXX
Assembler MPASM v 4 v
Software Simulator MPSIM v v v
C Compiler* MP-C 4 v v
Entry Level Development Kit PICSTART® 4 4 Planned
Universal Programmer PRO MATE™ v v v
Universal In-Circuit Emulator PICMASTER® 4 v v
Fuzzy Logic Development Tool fuzzyTECH®-MP 4 v (4

* Available from Byte Craft Limited in Canada.

© 1995 Microchip Technology Inc. DS00027K-page 1-5
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PIC16/17 NAMING CONVENTION

The PIC16/17 architecture offers users a wide range of
cost/performance options of any 8-bit microcontroller
family. In order to identify the families, the following
naming conventions have been applied to the PIC16/17
microcontrollers.

TABLE 1: PIC16/17 NAMING CONVENTION
Family Architectural Features Name Technology Products
Base-Line 8-bit | 12-bit wide instruction set PIC16C5X OTP program memory, PIC16C54
Microcontroller |« DC - 20 MHz clock speed PIC16C5XA digital only PIC16C54A
Family « 200 nsin ion cvel (Note 1) PIC16C55
% 0 ns instruction cycle PIC16056
e PIC16C57
5] PIC16C58A
& PIC1I6CR5X | ROM program memory, | PIC16CR54
PIC16CR5XA digital only PIC16CR57A
(Note 1) PIC16CR58A
Mid-Range 8-bit | » 14-bit wide instruction set PIC16C6X OTP program memory, PIC16C61
Microcontroller |e Internal/external interrupts dlglta' PIC16C62
Family * DC - 20 MHz clock speed PIC16C63
PIC16C64
(Note 3) PIC16C65
¢ 200 ns instruction cycle
(@ 20 MH2) PIC16CR6X | ROM program memory,
digital only .
§ PIC16C62X | OTP program memory PIC16C620
8 with comparators PIC16C621
o PIC16C622
e PIC16C7X OTP program memory, PIC16C71
with analog functions PIC16C73
(e.g. A/D) PIC16C74
PIC16C8X EEPROM program and PIC16C84
data memory
PIC16CR8X ROM program and |
EEPROM data memory |
High-End 8-bit |* 16-bit wide instruction set PIC17C4X OTP program memory, PIC17C42
g Microcontroller |e |nternal/external interrupts digital only PIC17C43
= | Famiy |, pG.25MHz clock speed PIC17C44
'j—: * 160 ns instruction cycle PIC17CR4X | ROM program memory,
digital only
Note 1: "A" designates a more advanced process technology, generally offering customers the benefits of lower
power, higher speed, etc. (example: PIC16C54, PIC16C54A). Sometimes it designates additional func-
tions such as the addition of Brown-out detect.
Note 2: The numbering system within each family is not necessarily significant.
Note 3: The maximum clock speed for some devices is less than 20 MHz.

Please check with your local Microchip distributor, sales representative or sales office for the latest product information.

DS00027K-page 1-6
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FIGURE 3:

PIC16/17 8-BIT MICROCONTROLLER FAMILY

PIC17C4X:
OTP Program Memory

PIC16C8X:
EEPROM Program and Data Memory

PIC16C7X:
OTP Program Memory with Analog

PIC16C62X:

OTP Program Memory with Comparators

PIC16C6X OR PIC16CR6X:
OTP or ROM Program Memory

PIC16C5X/5XA:
OTP Program Memory

PIC16CR5X/5XA:
ROM Program Memory

THE ADVANTAGE OF FIELD
PROGRAMMABILITY

The PIC16/17 microcontroller family provides a unique
combination of a high-performance RISC processor
with cost-effective One-Time-Programmable (OTP)
technology. Cost-effective OTP provides many benefits
to the user at prices which can be comparable to com-
peting ROM solutions. The benefits include: 1) quick
time-to-market, 2) ease of code changes, 3) ability to
provide adaptable solutions to end-customer require-
ments, 4) ability to meet upside potential via inventory
positions at Microchip or worldwide distribution, 5)
reduced scrappage in manufacturing, 6) reduced inven-
tory in manufacturing, and 7) reduced work-in-process
liability.

For most manufacturers, getting the product to market
quickly has become the number one goal as global
markets have become more competitive. Time-to-mar-
ket puts pressure on all functions within the manufac-
turing process: development, purchasing, production,
and marketing and sales. Field-programmable OTP
technology streamlines the process for all stages in the
product life cycle.

In the early product development stages, a programma-
ble microcontroller allows much of the functionality to
be implemented in software which can be modified
more easily than hardware-only solutions.

In the manufacturing stage, the compression of the
product life cycle curve puts pressure on the manage-
ment of inventory and manufacturing cycle times. Mini-
mizing inventory reduces the ability to meet upside
demand. Using a traditional ROM-based microcontrol-
ler limits the ability to respond to the market with prod-
uct enhancements or semi-customized products for
specific customers. Using the standard OTP-based
PIC16/17 microcontroller solves all these issues. Inven-
tory can be managed effectively by using the same
device in several systems. Costs can be reduced due to
volume purchasing. Upsides can be met from either
safety stock, directly from Microchip, or local distribu-
tors who regularly inventory all the PIC16/17 microcon-
troller devices. A sudden decline in demand means no
work-in-process ROM-based inventory and any excess
safety stock can be consumed by the other products
using the same standard device.

OTP is the ‘Flexible Manufacturing’ technology of the
microcontroller world. As competition intensifies, the
demand for customer-specific products increases. Hav-
ing the ability to change (for example, the appearance
of LCD displays or add extra features in a timely man-
ner) can be a key competitive advantage. Programming
the OTP device on the manufacturing floor allows easy
customizing and internal tracking of the devices for
each specific customer. Customization can significantly
increase the overall product life cycle to provide better
return on investment and help minimize the threat of
competition.

© 1995 Microchip Technology Inc.
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DEVELOPMENT SYSTEMS

Microchip is committed to providing useful and
innovative solutions to your embedded system
designs. Among support products offered are the
PICMASTER® real-time universal in-circuit emulator
running under Windows™ environment. PICMASTER is
designed to provide product development engineers
with an optimized design tool for developing target
applications. This universal in-circuit emulator provides
a complete microcontroller design tool set for all micro-
controllers in the PIC16C5X, PIC16CXX and
PIC17CXX families. PRO MATE™, the full-featured
device programmer, enables you to quickly and easily
program user software into PIC16C5X, PIC16CXX and
PIC17CXX CMOS microcontrollers. The PRO MATE
operates as a stand-alone unit or in conjunction with a
PC compatible host system. The PICSTART® develop-
ment kit, a low-cost development system for the
PIC16C5X/16CXX families of  microcontrollers,
includes an assembler for code development, a simula-
tor for debug and a development programmer board.
PICSEEKIT and PICSEESTART provide product devel-
opment engineers with a cost-effective and timely
design tool solution for the MTABXXXX family of ASSP
products.

The Serial EEPROM Designer’s Kit includes everything
necessary to read, write, erase or program special
features of any Microchip Serial EEPROM products
including Smart Serials™ and secure serials. The Total
Endurance™ Disk is included to aid in trade-off analysis
and reliability calculations. The total kit can significantly
reduce time-to-market and result in an optimized sys-
tem.

The TrueGauge™ development tool supports system
development with the MTA11200 TrueGauge Intelligent
Battery Management IC.

SOFTWARE SUPPORT

Microchip’s PIC16/17 microcontrollers families are sup-
ported by an assembler, compiler, software simulator
and fuzzy logic development software. MPASM is a
universal macro assembler supporting Microchip’s
entire product line of microcontrollers. MPSIM, a dis-
crete event software simulator, is designed to imitate
operation of PIC16C5X, PIC16CXX and PIC17CXX
microcontrollers. It allows the user to debug software
that will use any of these microcontrollers.

A full-featured C Compiler and Fuzzy Logic support are
also available for all three microcontroller families.

Microchip endeavors at all times to provide the best
service and responsiveness possible to its customers.
The Microchip Systems Bulletin Board Service (BBS) is
one service to facilitate this process. It's a multi-faceted
tool that can provide you with information on a number
of different topics. Special Interest Groups available
through the BBS can provide you with the opportunity
to discuss issues and topics of interest with others that

share your interest or questions. The BBS is regularly

used to distribute technical information, application

notes, source codes, errata sheets, bug reports, interim
patches for Microchip systems products and user con-
tributed files for distribution.

APPLICATION-SPECIFIC STANDARD
PRODUCTS (ASSPs)

Microchip’s Application-Specific Standard Products
(ASSP) provide value-added embedded control solu-
tions by combining PIC16/17 microcontroller architec-
ture, non-volatile memory and innovative software
technology for vertical applications. These products
incorporate technology that offers a complete solution
that is both unique to the customer and standard in
manufacture to Microchip. In addition, Microchip
ASSPs reduce or remove the barriers for customers to
use Microchip solutions in their products through the
use of software embedded in secure OTP- or
ROM-based microcontrollers. The family is packaged to
provide the highest integration to the customer at the
best overall system cost.

The MTA11200 family is the most accurate and most
integrated battery management and charging solution
available today. The TrueGauge family incorporates
Microchip/SPAN patented technology which digitally
integrates battery charge and discharge current to pro-
vide an accurate (>97% typical) state of charge indica-
tion. The family operates with NiCd and NiMH and lead
acid battery packs from 3 VDC to 25 VDC. These prod-
ucts are ideal for portable PC, cellular phone and por-
table consumer product applications.

The MTA14000 programmable Intelligent Battery Man-
agement IC allows engineers to design intelligent con-
trollers for smart batteries, battery chargers, battery
status monitoring, uninterruptible power supplies,
HVAC and other data acquisition and processing
required for managing energy. The MTA14000’s pro-
grammable 4K words of program memory and 192
bytes of RAM allows it to support any battery technol-
ogy including Li lon, NiMH, NiCd, Pb acid, Zinc Air. In
addition, the products IPC port enables any system
OEM, battery pack VAR and battery manufacturer to
design, build and market SBD-compliant products sup-
porting the System Management Bus standard.

The MTE1122 Energy Management Controller com-
bines Microchip’s proprietary PIC16/17 8-bit RISC
microcontroller technology with a unique, patent pend-
ing power management firmware algorithm in a single
package. This device, by monitoring and controlling the
supply requirements into an AC induction motor, effec-
tively reduces the power consumed by the motor. The
MTE1122 is available in both plastic DIP and
space-saving SOIC packages, and operates over com-
mercial and industrial ranges.

Ease-of-use, low voltage and low cost make the
MTA41XXX mouse and trackball MCU firmware solu-
tions ideal for implementing new designs for both PCs

DS00027K-page 1-8
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and Apple® computers. The products in the MTA41XXX
family are 18-lead, low-power CMOS microcontroller
ICs combined with application-specific software. By
adding a few external components, the user can easily
realize a complete mouse or trackball system.

The MTABXXXX PICSEE™ family of cost-effective sys-
tem solutions integrates 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 combined product assembly tech-
niques provide the user the highest performance solu-
tion 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 turnkey software solutions
for the embedded control market.

SERIAL EEPROM OVERVIEW

Microchip offers one of the broadest selections of
CMOS Serial EEPROMs on the market for embedded
control systems. Serial EEPROMs are available in a
variety of densities, operating voltages, bus interface
protocols, operating temperature ranges and space
saving packages.

Densities:

Currently range from 1K to 64K with higher density
devices in development.

Bus Interface Protocols:

All major protocols are covered: 2-wire, 3-wire and
4-wire.

Operating Voltages:

In addition to standard 5V devices there are two low
voltage families. The “LC” devices operate down to
2.5V, while the breakthrough “AA” family operates, in
both read and write mode, down to 1.8V, making these
devices highly suitable for alkaline and NiCad battery
powered applications.

Temperature Ranges:

Like all Microchip devices, Serial EEPROMs are offered
in Commercial (0°C to 70°C), Industrial (-40°C to 85°C)
and Automotive (-40°C to 125°C) operating tempera-
ture ranges.

Packages:

The focus is on small packages. Small footprint pack-
ages include: 8-lead DIP, 8-lead SOIC in JEDEC and
EIAJ body widths, and 14-lead SOIC. The SOIC comes
in two body widths; 150 mil and 207 mil.

In February 1995, Microchip announced its 10 million
Erase/Write cycle guarantee - an endurance break-
through unmatched by its competitors. The Company
has also developed the world's first 64K Smart Serial
EEPROM which provided four times the speed, four
times the memory and four times the features of any

competitive 2-wire Serial EEPROM. Device densities
range from 256 bits up to 64K bits. Another first is the
24LC21, the only single chip DDC1/DDC2™-compatible
solution for plug-and-play video monitors.

Microchip is a high-volume supplier of Serial
EEPROMs to all the major markets worldwide including
consumer, automotive, industrial, computer and com-
munications. To date, more than 300 million units have
been produced. Microchip continues to develop new
Serial EEPROM solutions for embedded control appli-
cations.

Microchip's erase/write cycle endurance is among
the best in the world, and only Microchip offers
unique and powerful development tools such as the
Total Endurance disk. This mathematical software
model is an innovative tool used by system designers to
optimize Serial EEPROM performance and reliability
within the application.

PARALLEL EEPROM OVERVIEW

CMOS Parallel EEPROM devices from Microchip are
available in 4K, 16K and 64K densities. The manufac-
turing process used for these EEPROMs ensures
10,000 to 100,000 write and erase cycles typical. Data
retention is more than 10 years. Fast write times are
less than 200 ps. These EEPROMSs work reliably under
demanding conditions and operate efficiently at tem-
peratures from —40°C to +85°C. Microchip’s expertise
in advanced SOIC, TSOP and VSOP surface mount
packaging supports our customers’ needs in
space-sensitive applications.

Typical applications include computer peripherals,
engine control, pattern recognition and telecommunica-
tions.

OTP EPROM OVERVIEW

Microchip’s CMOS EPROM devices are produced in
densities from 64K to 512K. High-speed EPROMs have
access times as low as 55 ns. 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 a leading supplier today. Microchip is also
a leading supplier of low-voltage EPROMs for battery
powered applications.

© 1995 Microchip Technology Inc.
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EASE OF PRODUCTION UTILIZING
QUICKTURN PROGRAMMING (QTP)
AND SERIALIZED QUICKTURN
PROGRAMMING (SQTPs™)

Recognizing the needs of high-volume manufacturing
operations, Microchip has developed two programming
methodologies which make the OTP products as easy
to use in manufacturing as they are efficient in the sys-
tem development stage.

Quick Turn Programming allows factory programming
of OTP product prior to delivery to the system manufac-
turing operation. PIC16/17, EPROM and Serial
EEPROM products can be automatically programmed
with the users program during the final stages of the
test operation at Microchip’s assembly and test opera-
tions in Philippine Islands, Taiwan and Thailand. This
low-cost programming step allows the elimination of
programming during system manufacturing and essen-
tially allows the user to treat the PIC16/17 and memory
products as custom ROM products. With one- to
four-week lead times on QTP product, the user no
longer needs to plan for the extended ROM masking
lead times and masking charges associated with cus-
tom ROM products. This capability, combined with the
off-the-shelf availability of standard OTP product,
ensures the user of product availability and the ability to
reduce his time-to-market once product development
has been completed.

Unique in the 8-bit microcontroller market is Microchip’s
ability to enhance the QTP capability with Serialized
Quick Turn Programming (SQTP). SQTP allows for the
programming of devices with unique, random or serial-
ized identification codes. As each PIC16/17 device is
programmed with the customers program code, a por-
tion of the program memory space can be programmed
with a unique code, accessible from normal program
memory, which will allow the user to provide each
device with a unique identification. This capability is
ideal for embedded systems applications where the
transmission of key codes or identification of the device
as a node within a network are essential. Taking
advantage of this capability allows the system designer
to eliminate the requirement for expensive off-chip code
implementation’ using DIP switches or non-volatile
memory components. The SQTP offering, pioneered
by Microchip, provides the embedded systems
designer with a low cost means of putting a unique and
custom device into every system or node.

FUTURE PRODUCTS AND
TECHNOLOGY

New process technology is constantly being developed
for microcontroller, ASSP, EEPROM and high-speed
EPROM products. Advanced process technology mod-
ules and products are being developed that will be inte-
grated into present product lines to continue to achieve
a range of compatible processes. Current production
technology utilizes lithography dimensions down to 0.9
microns.

Microchip’s research and development activities
include exploring new process technologies and prod-
ucts 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 online.
Cycle times for new technology development are con-
tinuously reduced by using in-house mask generation,
a high-speed pilot line within the manufacturing facility
and continuously improving methodologies.

More advanced technologies are under development,
as well as advanced CMOS RISC-based microcontrol-
ler, ASSP and CMOS EEPROM and EPROM products.
Objective specifications for new products are devel-
oped by listening to our customers and by close coop-
eration with our many customer-partners worldwide.

DS00027K-page 1-10
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PIC17C42 25 | 2K | 232 |TMRO,TMR1, 40-pin DIP, 44-pin PLCC, 44-pin QFP
TMR2,TMR3

PIC17C43* 25 | 4K | 454 |TMRO,TMR1, 40-pin DIP, 44-pin PLCC, 44-pin QFP
TMR2,TMR3

PIC17C44 25 | 8K | 454 |TMRO,TMR1, Yes | Yes | 11 | 33 | 2.5-6.0 | 58 |40-pin DIP, 44-pin PLCC, 44-pin QFP
TMR2,TMR3
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*  Please contact your local sales office for availability of these devices.
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current capabil-
ity.
2: The PIC17C4X devices can also operate in microprocessor and external microcontroller modes.
3: PORTB has software-configurable weak pull-ups.
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PIC16C61 .0-6. 18-pin DIP, 18-pin SOIC
PIC16C62* 20 J 2K | — | 128 | — JTMRO, 2|SPI/eC| — —_ —_ — 10 | 22 | 2.5-6.0 | — }28-pin SDIP, 28-pin SOIC
TMR1, TMR2
PIC16C63* 20 J 4K [ — | 192 | — fTMRO, 2 |SPI/eC/| — — _ —_ 10 | 22 | 3.0-6.0 | — |28-pin SDIP, 28-pin SOIC
TMR1, TMR2 SCI
PIC16C64 20 | 2K | — | 128 | — JTMRO, 1|sPiirC| Yes | — —_ —_ 8 33 | 3.0-6.0 | — |40-pin DIP, 44-pin PLCC, 44-pin QFP
TMR1, TMR2
PIC16C65 20 | 4K | — | 192 | — JTMRO, 2|sPI/ec/| Yes | — — | — | 11| 33 | 3.0-6.0 | — |[40-pin DIP, 44-pin PLCC, 44-pin QFP
TMR1, TMR2 SCI
PIC16C620*] 20 512 | — 80 | — JTMRO — - — — 2 |Yes| 4 13 | 3.0-6.0 | Yes |18-pin DIP, 18-pin SOIC, 20-pin SSOP
PIC16C621*] 20 | 1K [ — 80 | — fTMRO — — —_ — 2 |[Yes| 4 13 | 3.0-6.0 | Yes [18-pin DIP, 18-pin SOIC, 20-pin SSOP
PIC16C622 | 20 | 2K | — | 128 | — |JTMRO — - —_ —_— 2 Yes | 4 13 | 3.0-6.0 | Yes |18-pin DIP, 18-pin SOIC, 20-pin SSOP
PIC16C71 20 1K | — 36 — [TMRO - - — |4ch | — —_ 4 13 | 3.0-6.0 | — ([18-pin DIP, 18-pin SOIC
PIC16C73 20 4K | — | 192 | — ]JTMRO, 2|sPiec/| — | 5¢ch | — —_ 11 | 22 | 3.0-6.0 | — |[28-pin SDIP, 28-pin SOIC
TMR1, TMR2 SCI
PIC16C74 20 § 4K | — | 192 | — JTMRO, 2|SPI/Cc/| Yes | 8ch | — | — } 12 | 33 | 3.0-6.0 | — [40-pin DIP, 44-pin PLCC, 44-pin QFP
TMR1, TMR2 SCI
PIC16C84 10 | — | 1K | 36 | 64 |JTMRO - — — — — — 4 13 | 2.0-6.0 | — |18-pin DIP, 18-pin SOIC

*  *Please contact your local sales office for availability of these devices.

Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current capability.
2: The PIC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode.

This allows a Real Time Clock to be implemented.
3: PORTB has software-configurable weak pull-ups.

S30IA3A 40 ATINVL XX09101d

L1/9101d



-z sbed-gzseoesa

*ou| ABojouyds | diyooiolN 5661 ©

lciock]

Memory

I Peripherals I

Features

o
&8
o &
Q)
&
Q.Q'%
&7
e\& Q‘b
PIC16C54 20 {512} — | 25 TMRO 12 |2.5-6.25| 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP
PIC16C54A 20 512 — | 25 TMRO 12 | 2.5-6.25| 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP
PIC16CR54 20 | — [512| 25 TMRO 12 |2.0-6.25| 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP
PIC16C55 20 |512f — | 25 TMRO 20 | 2.5-6.25| 33 |28-pin DIP, 28-pin SOIC, 28 pin SSOP
PIC16C56 20 JIK|—| 25 TMRO 12 | 2.5-6.25| 33 |18-pin DIP, 18-pin SOIC, 20-pin SSOP
PIC16C57 20 2K | —| 72 TMRO 20 |25-6.25| 33 |28-pin DIP, 28-pin SOIC, 28 pin SSOP
PIC16CR57A} 20 | — | 2K | 72 TMRO 20 | 2.0-6.25| 33 |28-pin DIP, 28-pin SOIC, 28 pin SSOP
PIC16C58A 20 J2K | —| 78 TMRO 12 |2.5-6.25| 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP
PIC16CR58A ) 20 | — |2K| 73 TMRO 12 | 2.0-6.25| 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP
Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and nigh /O current

capability.
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PIN COMPATIBILITY

Devices that have the same package type; and VoD,
Vss, and MCLR pin locations, are said to be pin com-
patible. This allows these different devices to operate in
the same socket. Compatible devices may only
requires minor software modification to allow proper
operation in the application socket (ex., PIC16C56 and
PIC16C61 devices). Not all devices in the same pack-
age size are pin compatible; for example, the
PIC16C62 is compatible with the PIC16C63, but not the
PIC16C55.

Pin compatibility does not mean that the devices offer
the same features. As an example, the PIC16C54 is
pin compatible with the PIC16C71, but does not have
an A/D converter, weak pull-ups on PORTB, or inter-
rupts.

Pin Compatibile Devices

Pin Compatible Devices Package
PIC16C61, 18 pin
PIC16C620, PIC16C621, PIC16C622,
PIC16C71, PIC16C84,
PIC16C54, PIC16C54A, PIC16CR54,
PIC16C56, PIC16C58A, PIC16CR58A
PIC16C62, PIC16C63, PIC16C73 28 pin
PIC16C55, PIC16C57, PIC16CR57A 28 pin
PIC17C42, PIC17C43, PIC17C44 40 pin
PIC16C64, PIC16C65, PIC16C74 40 pin
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MicrocHIP P|C1 6C5X

EPROM/ROM-Based 8-Bit CMOS Microcontroller Series

Devices Included in this Data Sheet PACKAGE TYPES

* '3!91_?954 PDIP, SOIC, Windowed CERDIP

* PiCi6CR54

* PIC16C55 o —eOor ‘B%H Aa1

- []2 17[] «+— RAO

* PIC16C56 m:: — s 222 16[] «— OsClCLKIN

* PIC16C57 MCTRvee ——e []4 ggg 15[ ] ——= 0SC2/CLKOUT
. . s —[5 O 14[] «—— voo

High-Performance RISC-like CPU e @ gg o] =—a- RE7

* Only 33 single word instructions to learn ::; ; s :f% :3:

« Allinstructions are single cycle (200 ns) except for s <—[]9 10[]=—> RB4

program branches which are two-cycle

¢ Operating speed: DC - 20 MHz clock input

. PDIP, SOIC, Wind d CERDIP
DC - 200 ns instruction cycle fndowe

N\
TOCKI ——= [+ 1 28[] <¢—— MCTANVPP
Device Pins Vo EPROM/ RAM Voo —-[]2 27[ ] <t—— OSCH/CLKIN
ROM NIC |: 3 26[ ] —— 0SC2/CLKOUT
Vss . []4 25 ] <e— AC7
PIC16C54 18 12 512 25 o Es T T il
PIC16CR54 18 12 512 25 Ao -——ss QO 2] «—srcs
PIC16C56 18 12 1K 25 At <—=[07 @) gy 2] <—=RCs
A2 <[z O O 21[]<—rx
PIC16C55 28 20 512 24 o oo IS aof] - rez
PIC16C57 28 20 2K 72 RBO <—a-[] 10 19[] «— RC1
N R R R RB1 <———>E 1 IB]<———-> RCO
* 12-bit wide instructions RB2 «—a-[] 12 17[] ~— RE7
* 8-bit wide data path R8S -—s-[] 1 16]] =— R86
. " n . RB4 4—>E 14 ‘5]<—> RBS
* Seven or eight special function hardware registers
* Two-level deep hardware stack
* Direct, indirect and relative addressing modes for
data and instructions CMOS Technology
Peripheral Features * Low-power, high-speed CMOS EPROM/ROM tech-
* 8-bit real time clock/counter (TMRO) with 8-bit nology
programmable prescaler ¢ Fully static design
* Power-On Reset (POR) ¢ Wide-operating voltage range:
* Device Reset Timer - EPROM Commercial/Industrial 2.5V to 6.25V
¢ Watchdog Timer (WDT) with its own on-chip RC - ROM Commercial/Industrial 2.0V to 6.25V
oscillator for reliable operation - EPROM/ROM Automotive 2.5V to 6.0V
* Programmable code-protection  Low-power consumption
¢ Power saving SLEEP mode - <2 mAtypical @ 5V, 4 MHz
* EPROM/ROM selectable oscillator options: - 15 pAtypical @ 3V, 32 kHz
- RC: Low-cost RC oscillator - <3 pAtypical standby current (with WDT dis-
- XT: Standard crystal/resonator abled) @ 3V, 0°C to 70°C
- HS: High-speed crystal/resonator
- LP: Power saving, low frequency crystal

© 1995 Microchip Technology Inc. DS30015L-page 2-5
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Package Types
SSOP ssoP
RA2 <—»[Jo1 -« RA1 TOCKI—= o1 -
RAS<+=[2 U0 TV <+ RAO Vop—=[J2 <— OSC1/CLKIN
TOCKI—=(13 6 6 5 <— OSC1/CLKIN N/C gs — OSC2/CLKOUT
mctRver —aCla 42 82 O —+ OSC2/CLKOUT vss—e-s O U <+ RC7
Vss—=05 oo O ~—VoD N/C Os OO0 -« RC6
vss—06 OO O ~<— VoD RA0=—=O6 i .4 < RC5
RBO =17 (n I 0 - RB7 . RA1 <17 N D < RC4
RB1=—=[8 O ¢y < RB6 RA2=—[]8 OO0 < RC3
RB2 <—=[]9 H 120<—=RB5 RA3=—=O9 ¢y N < RC2
RB3 <—=[}10 11J-—RB4 RBO=—=[10 ~§ N 190 <> RC1
RB1<—[]11 18[J <= RCO
RB2<e—»-[112 < RB7
RB3=—[}13 < RB6
RB4 <[] < RB5
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PIC16C5X

1.0 GENERAL DESCRIPTION

The PIC16C5X from Microchip Technology is a family
of low-cost, high-performance, 8-bit, fully static,
EPROM-based CMOS microcontrollers. This family is
pin and software compatible with the Enhanced
PIC16C5X family of devices. It employs a RISC-like
architecture with only 33 single word/single cycle
instructions. All instructions are single cycle (200 ns)
except for program branches which take two cycles.
The PIC16C5X delivers performance an order of mag-
nitude higher than its competitors in the same price cat-
egory. The 12-bit wide instructions are highly
symmetrical 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 develop-
ment time significantly.

The PIC16C5X products are equipped with special fea-
tures that reduce system cost and power requirements.
The Power-On Reset (POR) and Device Reset Timer
eliminate the need for external 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 improve
system cost, power and reliability.

The UV-erasable CERDIP-packaged versions are ideal
for code development, while the cost effective One
Time Programmable (OTP) versions are suitable for
production in any volume. The customer can take full
advantage of Microchip’s price leadership in OTP
microcontrollers while benefiting from the OTP’s flexi-
bility.

The PIC16C5X products are supported by a full-fea-
tured macro assembler, a software simulator, an in-cir-
cuit emulator, a ‘C’ compiler, fuzzy logic support tools,
a low-cost development programmer, and a full fea-
tured programmer. All the tools are supported by IBM®
PC and compatible machines.

141 Applications

The PIC16C5X series fits perfectly in applications rang-
ing from high-speed automotive and appliance motor
control to low-power remote transmitters/receivers,
pointing devices and telecom processors. The EPROM
technology makes customizing application programs
(transmitter codes, motor speeds, receiver frequen-
cies, etc.) extremely fast and convenient. The small
footprint packages, for through hole or surface mount-
ing, make this microcontroller series perfect for applica-
tions with space limitations. Low-cost. low-power, high
performance, ease of use and I/O 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).

© 1995 Microchip Technology Inc.
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TABLE 1-1:  PIC16C5X FAMILY OF DEVICES

IClockl Memory I Peripherals I Features

33 |28-pin DIP, 28-pin SOIC, 28 pin SSOP
PIC16C58A .5-6. 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP

PIC16CR58A 2.0-6.25 | 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP
Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current
capability.
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2.0 PIC16C5X DEVICE VARIETIES

A variety of frequency ranges and packaging options
are available. Depending on application and production
requirements, the proper device option can be selected
using the information in this section. When placing
orders, please use the “PIC16C5X Product Identifica-
tion System” on the back page of this data sheet to
specify the correct part number.

21 UV Erasable Devices

The UV erasable version, offered in CERDIP package
is optimal for prototype development and pilot pro-
grams

The UV erasable version can be erased and repro-
grammed to any of the oscillator modes. Microchip's
PICSTART™ and PRO MATE™ programmers both sup-
port programming of the PIC16C5X.

2.2 ne-Time-Programmable (OTP
Devices

The availability of OTP devices is especially useful for
customers expecting frequent code changes and
updates.

The OTP devices, packaged in plastic packages permit
the user to program them once. In addition to the pro-
gram memory, the configuration fuses must be pro-
grammed.

23 ick-Turnaround-Pr: tion (QTP,
Devices

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

24 Serialized Quick-Turnaround-

Production (SQTP) Devi

Microchip offers the unique programming service
where a few user-defined locations in each device are
programmed with different serial numbers. The serial
numbers may be random, pseudo-random or sequen-
tial.

Serial programming allows each device to have a
unique number which can serve as an entry-code,
password or ID number.

25 Read Only Memory (ROM) Devices

Microchip offers masked ROM versions of several of
the highest volume parts, giving the customer a low
cost option for high volume, mature products.

© 1995 Microchip Technology Inc.
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NOTES:
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3.0 ARCHITECTURAL OVERVIEW

The high performance of the PIC16C5X family can be
attributed to a number of architectural features com-
monly found in RISC microprocessors. To begin with,
the PIC16C5X uses a Harvard architecture in which
program and data are accessed on separate buses.
This improves bandwidth over traditional von Neumann
architecture where program and data are fetched on
the same bus. Separating program and data memory
further allows instructions to be sized differently than
the 8-bit wide data word. Instruction opcodes are
12-bits wide making it possible to have all single word
instructions. A 12-bit wide program memory access
bus fetches a 12-bit instruction in a single cycle. A
two-stage pipeline overlaps fetch and execution of
instructions. Consequently, all instructions (33) execute
in a single cycle (200 ns @ 20 MHz) except for pro-
gram branches.

The PIC16C58 and PIC16C57 address 2K x 12 pro-
gram memory, the PIC16C55 and PIC16C56 address
1K x 12, and the PIC16C54 addresses 512 x 12 of pro-
gram memory. All program memory is intemal.

The PIC16C5X can directly or indirectly address its
register files and data memory. All special function reg-
isters including the program counter are mapped in the
data memory. The PIC16C5X has a highly orthogonal
(symmetrical) instruction set that makes it possible to
carry out any operation on any register using any
addressing mode. This symmetrical nature and lack of
‘special optimal situations’ make programming with the
PIC16C5X simple yet efficient. In addition, the leaming
curve is reduced significantly.

The PIC16C5X device contains an 8-bit ALU and work-
ing register. The ALU is a general purpose arithmetic
unit. It performs arithmetic and Boolean functions
between data in the working register and any register
file.

The ALU is 8-bits wide and capable of addition, sub-
traction, shift and logical operations. Unless otherwise
mentioned, arithmetic operations are two's comple-
ment in nature.. In two-operand instructions, typically
one operand is the W register (working register). The
other operand is a file register or an immediate con-
stant. In single operand instructions, the operand is
either the W register or a file register.

The W register is an 8-bit working register used for ALU
operations. It is not an addressable register.

Depending on the instruction executed, the ALU may
affect the values of the Carry (C), Digit Carry (DC), and
Zero (Z) bits in the STATUS register. The C and DC bits
operate as a borrow and digit borrow out bit, respec-
tively, in subtraction. See the SUBWF and ADDWF
instructions for examples.

A simplified block diagram is shown in Figure 3-1, with
the correspaending device pins described in Table 3-1
and Table 3-2.

© 1995 Microchip Technology Inc.
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FIGURE 3-1: PIC16C5X SERIES BLOCK DIAGRAM
9-11
EPROM/ROM | 9-11 ip| STACKT | oo | CONFIGURATION WORD I 0sCt 0sC2 MCIR
SR STACK2 “DISABLE” “0SC
PC | gy SELECT”
b 12 WATCHDOG A2
y TIMER “CODE
PROTECT” OSCILLATOR/
INSTRUCTION 1 TIMING &
REGISTER CONTROL
9| WDT TIME WDT/TMRO CLKOUT 3|
12 A OUT | PRESCALER
¥
8 “SLEEP”
INSTRUCTION
DECODER
OPTION REG.|<— “OPTION”
I DIRECT ADDRESS DIRECT RAM :
ADDRESS FROMW . | GENERAL
) 5 > | PURPOSE
REGISTER
As 57 FILE
=% (SRAM)
‘g STATUS 24-73 Bytes
;“ti TMRO || FSR |
3 At 8 A 8
v ¢ DATABUS
Ly |W ALU y
FROMW 4
RA3:RA0 RB7:RBO RC7:RCO
(28 Pin
Devices
Only)
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TABLE 3-1:  PIC16C54/CR54/C56 PINOUT DESCRIPTION

Name DIP, SOIC | SSOP | VO/P | Butfer Description
No. No. | Type| Type

RAO 17 19 /O | TTL |Bi-directional I/O port

RA1 18 20 /o | TTL

RA2 1 1 110 | TTL

RA3 2 2 /0 | TTL

RBO 6 7 /0 | TTL |Bi-directional I/O port

RB1 7 8 /O | TTL

RB2 8 9 /O | TTL

RB3 9 i0 ilG | TTL

RB4 10 1 /O | TTL

RB5 1" 12 /o | TTL

RB6 12 13 /O | TTL

RB7 13 14 /0 | TTL

TOCKI 3 3 I ST | Clock input to TMRO timer. Must be tied to Vss or VDD, if not
in use, to reduce current consumption.

MCLR/VPP 4 4 [ ST | Master clear (reset) input/programming voltage input. This
pin is an active low reset to the device. Voltage on
MCLR/VPP must not exceed VDD to avoid unintended
entering of test modes. B

OSC1/CLKIN 16 18 | ST | Oscillator crystal input/extemal clock source input.

OSC2/CLKOUT 15 17 (¢] — | Oscillator crystal output. Connects to crystal or resonator
in crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denotes the instruction cycle rate.

VDD 14 15,16 | P — | Positive supply for logic and 1/O pins.

Vss 5 5,6 P — | Ground reference for logic and I/O pins.

Legend: |=input, O=output, I/O=input/output, P=power, — =Not Used, TTL=TTL input, ST=Schmitt Trigger input

© 1995 Microchip Technology Inc. DS30015L-page 2-13
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TABLE 3-2:  PIC16C55\C57 PINOUT DESCRIPTION

DIP, SOIC | SSOP | VO/P | Buffer P
Name No. No. |Type| Type Description

RAO 6 5 /0 | TTL |Bi-directional I/O port

RA1 7 6 /o | TTL

RA2 8 7 /o | TTL

RA3 9 8 /0 | TTL

RBO 10 9 1/0 | TTL |Bi-directional I/O port

RB1 11 10 /0 | TTL

RB2 12 11 /0 | TTL

RB3 13 12 /o | TTL

RB4 14 13 /0 | TTL

RB5 15 15 /0 | TTL

RB6 16 16 /0 | TTL

RB7 17 17 /0 | TTL

RCO 18 18 /0 | TTL |Bi-directional I/O port

RC1 19 19 /0 | TTL

RC2 20 20 /o | TTL

RC3 21 21 /0 | TTL

RC4 22 22 /o | TTL

RC5 23 23 /0 | TTL

RC6 24 24 /0 | TTL

RC7 25 25 /0 | TTL

TOCKI 1 2 | ST | Clock input to TMRO register. Must be tied to Viss or VDD, if
not in use, to reduce current consumption.

MCLR/VprP 28 28 | ST |Master clear (reset) input/programming voltage input. This
pin is an active low reset to the device. Voltage on
MCLR/VPP must not exceed VDD to avoid unintended
entering of test modes.

OSC1/CLKIN 27 27 | ST | Oscillator crystal input/extemal clock source input.

OSC2/CLKOUT 26 26 o — | Oscillator crystal output. Connects to crystal or resonator
in crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denotes the instruction cycle rate.

VDD 2 3,4 P — | Positive supply for logic and 1/O pins.

Vss 4 1,14 P — | Ground reference for logic and I/O pins.

N/C 3,5 — — — | Unused, do not connect

Legend: I=input, O=output, //O=input/output, P=power, — =Not Used, TTL=TTL input, ST=Schmitt Trigger input
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3.1 lockin hem

The clock input (OSC1/CLKIN pin) is intemally divided
by four to generate four non-overlapping quadrature
clocks namely Q1, Q2, Q3 and Q4. Intemally, the pro-
gram counter (PC) is incremented every Q1, and the
instruction is fetched from program memory and
latched into the instruction register in Q4. It is decoded
and executed during the following Q1 through Q4. The
clocks and instruction execution flow is shown ‘in
Figure 3-2 and Example 3-1.

truction |

3.2 Instruction Fl ipelinin

An Instruction Cycle consists of four Q cycles (Q1, Q2,
Q3 and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g. GOT0) then
two cycles are required to complete the instruction
(Example 3-1).

A fetch cycle begins with the program counter (PC)
incrementing in Q1.

In the exscution cycle, the fetched instruction is latched
into the Instruction Register (IR) in cycle Q1. This
instruction is then decoded and executed during the
Q2, @8, and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination
write).

FIGURE 3-2: CLOCK/INSTRUCTION CYCLE
Q1 | Q2| Q@ | Q4 1 Q1 | Q |Q3| Q1 Q1| Q2| Q3| Q4!
0OsC1
Qly—\ —\ y—\ |
02! / | / \ | I\ | { Internal
Qs | \ i e \ i Dhase
Q4 I\ /_I\ I'—*"l\ /'—"—|
PC PC )& PC+1 X PC+2
OSC2/CLKOUT
(RC mode) | | |
d Fetch INST (PC)
i Execute INST (PC-1) Felch INST (PC+1) 1 |
f Execute INST (PC) i Fetch INST (PC+2)
I i ecul
EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW
1. MOVLW 55h I Execute 1
2. MOVWF PORTB Fetch 2 Execute 2
3. CALL SUB_1
4. BSF  PORTA, BIT3 Fetch 3 E;ztc:r:ef T
Fetch SUB_1
All instructions are single cycle, except for any program branches. These take two cycles since the fetch
instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed.

© 1995 Microchip Technology Inc. DS30015L-page 2-15
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4.0 MEMORY ORGANIZATION
4.1 Program Memory Organization

Up to 512 words of 12-bit wide on-chip program mem-
ory (EPROM/ROM) can be directly addressed. Larger
program memories can be addressed by selecting one
of up to four available pages of 512 words each
(Figure 4-1). Sequencing of instructions is controlled
via the Program Counter (PC) which automatically
increments to execute in-line programs. Program con-
trol operations supporting direct, indirect, and relative
addressing modes, can be performed by bit test and
skip instructions, call instructions, jump instructions or
by loading computed addresses into the PC. In addi-
tion, an on-chip two-level stack is employed to provide
easy to use subroutine nesting.

4.2 Data Memory Organization

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 1/0 Ports, and
an 8-bit wide Arithmetic Logic Unit. 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). Data can be
addressed directly, or indirectly using the file select reg-
ister. Inmediate data addressing is supported by spe-
cial “literal” instructions which load data from program
memory into the W register.

The register file is divided into two functional groups:
Special Function registers and General Purpose regis-
ters. The special function registers include the Timer0
(TMRO) register, the Program Counter (PC), the Status
Register, the I/O registers (ports), and the File Select
Register (FSR). The general purpose registers are
used for data and control information under command
of the instructions.

In addition, special purpose registers are used to con-
trol the I/C port configuration and prescaler options.

421 GENERAL PURPOSE REGISTER FILE

The register file is accessed either directly or indirectly
through the file select register FSR (Section 4.5).

422  SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
the CPU and peripheral functions to control the opera-
tion of the device (Table 4-1).

The special registers can be classified into two sets.
The special registers associated with the “core” func-
tions are described in this section. Those related to the
operation of the peripheral features are described in
the section for each peripheral feature.

© 1995 Microchip Technology Inc.
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FIGURE 4-1: PROGRAM MEMORY ORGANIZATION

Y v

GOTO, CALL instruction with PC as destination
GOTO, CALL instruction with PC as destination
GOTO direct from instruction word

CALL instruction with PC as destination always '0'
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[A10 [ A9 [ A8 | A<t0> |
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2 M

A

-
8

v

GOTO, CALL

from PA1 STATUS<6> (PIC16C57 Only)
weeen. from PAO STATUS<5> (PIC16C56/57 Only)

direct from instruction word

Instruction with PC as destination..........cccceeserecnnns from ALU

RETLW, CALL
9-11 bit
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—>

PAGE 0

000

OFF

1FF

STACK LEVEL 1

STACK LEVEL 2

MAX. EPROM ADDRESS FOR:

01

PAGE 1

200

2FF
7300 |

3FF
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PAGE 2

400

4FF
500

5FF

PAGE 3

PIC16C56
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FIGURE 4-2: DATA MEMORY MAP
File
Address 76543210
00 INDF (*) CALL
01 TMRO ReTLy 109876543210 10987 6543210
02 [A10[ A9 A8 PCL { STACK 1 |<——>| STACK 2
03 STATUS
04 FSR —
76543210

0s PORTA TTRISA |
g; ng?gB.. TRISB 543210
o ™ [ TRisC [ opTiON ]

— G | — A
gi A— ener To and from |

— ] register file
) Purpose via ALU
oc [ Register [ W ]
oD T
gE — File | From Program Memory

Bit 6, 5 of FSR: Bank Select
(PIC16C57 Only)

lOO

l01 110 ¢11

General
Purpose
Register
File
(All Types)

(Bank 0) (***)

30

(Bank 1) (")
3F

50 70

General Purpose
Register File
(PIC16C57 Only)

(Bank 2) (***)
5F

(Bank 3) (**)
7F

)

]

-
PIC16C57. (Section 4.5).

Not a physically implemented register. See Section 4.5 for details.
File address 7h is a general purpose register on the PIC16C54\CR54\C56 only.
Bank 0 is available on all microcontrollers while Bank 1, Bank 2, and Bank 3 are only available on the

© 1995 Microchip Technology Inc.
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TABLE 4-1:  PIC16C5X REGISTER FILE SUMMARY

Value on Value on

Address | Name Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit 1 Bito Power-On MCLR and

Reset WDT Reset

00h | INDF Uses contents of FSR to address data memory (not a physical register) | ==== —eeo | seen —eee

Oth | TMRO 8-bit real-time clock/counter XXXX XXXX | uuuu uuuu

02h PCL Low order 8 bits of PC 1111 1111 | 1111 1111

03h | STATUS PAt | pro | TO | PO | z | bc [ © [ 0001 1xxx | 0007 7uuu

04h | FSR Indirect data memory address pointer 0 : XXXX XXXX | uuuu uuuu

05h PORTA RA3 RA2 RA1 RAO —--- xXXx | ==-- uuuu

oeh | PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX | uuuu uuuu

i : PORTC RC7 RCé RCs RC4 RC3 RC2 RC1 RCO XXXX XXXX | uuuu uuuu
“ | (Note 2)

Legend: x = unknown, u = unchanged. - = Unimplemented, Read as '0".

Note 1: The upper byte of the program counter is not directly accessible. The upper bits can be set or cleared by writing to PA1:
PAO (STATUS<6:55).

File address 7h is a general purpose register on the PIC16C54\CR54\C56.

Shading indicates unimplemented bits.
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4.3 STATUS Redaister

This register contains the arithmetic status of the ALU,
the RESET status, and the page preselect bits for pro-
gram memories larger than 512 words .

As with any other register, the STATUS register can be
the destination for any instruction. However, the
STATUS bits are set after the following write.
Furthermore, the TO and PD bits are not writable.
Therefore, the result of an instruction with STATUS
register as destination may be different than intended.

FIGURE 4-3: STATUS REGISTER

For example, CLRF STATUS will clear all bits except for
TO and PD and then set the Z bit and leave status
register as 000u u100 (where u = unchanged).

Therefore, only BCF, BSF and MOVWF instructions
should be used to alter the STATUS register because
these instructions do not affect any STATUS bit.

For other instructions, which do affect STATUS bits,
see Table 8-2, Instruction Set Summary.

RW RW RW R RW RW RW
[PAzIPA1|PAo|T6iF6|Z|DC c
bit7 N

Register: STATUS |W:  Writable
Address: 03h R:  Readable
. POR value: 0001 lxxx| U: Unimplemented,
bitd | 5, PD are uniquely set or cleared read as '0'
C: Carry/borrow bit.

For ADDWF and ADDLW instructions.

1= A carry-out from the most significant bit of the result occurred
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.

0 = No camry-out from the most significant bit of the result

Note: For borrow the polarity is reversed.

DC: Digit carry/borrow bit.
For ADDWF and ADDLW instructions.

1= Acarry-out from the 4th low order bit of the result occurred
0= No carry-out from the 4th low order bit of the result

Note: For Borrow the polarity is reversed.
Z: Zero bit

1= The result of an arithmetic or logic operation is zero
0= The result of an arithmetic or logic operation is not zero

PD: Power-down bit

1= After power-up or by a CLRWDT instruction

0 = By execution of the SLEEP instruction

TO: Time-out bit

1= After power-up and by the CLRWDT and SLEEP instruction

0= A watchdog timer time-out has occurred

PA1:PAQ: Program Page Pre-select bits

|C1GC56F)and PIC16C57 only).

00 = Page é (000 -

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

Each Bank is 512 words.

Using the PA1:PAOQ bits as general purpose read/write bits in devices
which do not use them for Program Page Pre-select is not recommended,
since this may affect upward compatibility with future products.

PA2: This bit is unimplemented at this time.
Use of the PA2 bit as a general purpose read/wnte blt is not recommended,

since this may affect upward

© 1995 Microchip Technology Inc.
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44 OPTION Register

The OPTION register is a 6-bit wide, write-only register
which contains various control bits to configure the

TMRO/WDT prescaler, th

TMRO.

e external INT interrupt and

By executing the OPTION instruction, the contents of
the W register will be transferred to the OPTION regis-
ter. ARESET sets the OPTION register to all '1's.

FIGURE 4-4: OPTION REGISTER

u u wow W W w W - -
Register: OPTION | W:  Wiite only

[ — [ —_ rrocs l TOSET PSA—[ PSZTPS1] PSOI Address:  N/A U:  Unimplemented.
bit7 bito POR value: FFh Read as '0'

LPS&P,“ ps2__Psi pso | 'MAORATE

PRESCALER VALUE WDT RATE
0 (o] 0 1:2 1:1

0 0 1 1:4 1:2

0o 1 0 1:8 1:4

0 1 1 1:16 1:8

1 [¢] (4] 1:82 1:16
1 o] 1 1:64 1:382
1 1 (] 1:128 1:64
1 1 1 1: 256 1:128

PSA: P ler assignment bit

1 = Prescaler assigned to the WDT
0 = Prescaler assigned to TMRO

TOSE: TMRO source edge select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin

ToCS: TMRO clock source bit

1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)

Unimol ted: Read as ‘0’

DS30015L-page 2-22
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4.5 Indirect Data Addressing, INDF an
FSR Registers

The INDF register is not a physical register and is used
in conjunction with the FSR register to perform indirect
addressing.

Indirect addressing is possible by using the INDF reg-
ister. Any instruction using the INDF register actually
accesses data pointed to by the file select register
(FSR). Reading INDF itself (i.e., FSR = 0) indirectly
will produce 00h. Writing to the INDF register indirectly
results in a no-operation (although STATUS bits may
be affected).

A simple program to clear RAM location 20h-2Fh using
indirect addressing is shown in Example 4-1.

EXAMPLE 4-1: INDIRECT ADDRESSING
movlw 0x10 ; Initialize pointer
movwf FSR ; to RAM
Next clrf INDF ; Clear loc
incf FSR ; increment pntr
btfsc FSR, 4 ; All done?
goto Next ; No, clear next
; Location
FIGURE 4-5: DIRECT/INDIRECT ADDRESSING

451  FILE SELECT REGISTER (FSR)

The FSR is either a 5-bit (PIC16C54\CR54\C55\C56 )
or 7-bit (PIC16CR57) wide register. It is used in con-
junction with the INDF register to indirectly address the
data memory area. The FSR<4:0> bits are the pointer
for data memory addresses 00h to 1Fh. FSR<4:0> tog-
gles between the 16 lower (ooh-OFh) and 16 upper
(10h-1Fh) register files. When clear, FSR<4> points to
the lower 16 register files and, when set, points to the
upper 16 register files. FSR<3:0> provide the value to
address the specific register file within each 16 file
area.

When not performing indirect addressing, the FSR can
be used as a 5-bit (FSR<4:0>) wide general purpose
register. However, this is not recommended to help
ensure future upward code compatibility.

PIC16C54\CR54\C55\C56: Does not use banking.
FSR<7:5> are unimplemented and read as '1's.

PIC16CR57: FSR<6:5> are the bank select bits and
are used to select the bank to be addressed (00 =
bank 0, 01 = bank 1, 10 = bank 2, 11 = bank 3). The
lower 16 register files for banks 1, 2 and 3 are mapped
to bank 0, and are not accessible. In other words, the
FSR<6:5> bits are ignored if FSR<4> is clear (= 0).
FSR<7> is unimplemented and is always read as '1".

Direct Addressing
RA1:RAO 5  from opcode 0

(1 LTI TT]
-

| —
bank select  location select |

Indirect Addressing
6 'FSR 0

HEEEEER
| S,
bank
114————J

location select

\ » 00 01
00 1
|

Data OF !

Reads/Wiites to thesd locations:
will accesp addresses|00-0F

1

Memory

1F aF 5F

7F

Bank0 Bank 1

Note1: For register map detail see Figure 4-2.
2: RA1 and RAO are FSR<6> and FSR<5>, respectively.

Bank 2

Bank 3

© 1995 Microchip Technology Inc.
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4.6 Program ter

The program counter generates the addresses for up to
2048 x 12 on-chip EPROM/ROM cells containing the
program instruction words (Figure 4-1).

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

TABLE 4-2: PROGRAM COUNTER STACK
WIDTH
Part # PC width | Stack width
PIC16C54\CR54\C55 9-bit - 9-bit
PIC16C56 10-bit 10-bit
PIC16C57 11-bit 11-bit

The program counter is set to all ‘1's upon RESET.
During program execution it is auto-incremented with
each instruction unless the result of that instruction
changes the PC itself.

a) The GOTO instruction allows the direct loading of
the lower nine program counter bits (PC<8:0>).
In the case where the program memory is
greater than 512 bytes, the upper two bits of PC
(PC<10:9>) are loaded with page select bits
PA1:PAO (STATUS<6:5>). Thus, GoTO allows
jumps to any location on any page.

b) The CALL instruction loads 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 cases where the pro-
gram memory is greater than 512 bytes, the
upper 2-bits of PC (PC<10:9>) are loaded with
Page Select bits PA1:PAO (STATUS<6:5>).

¢) The RETLW instruction loads the program
counter with the Top Of Stack (TOS) contents.

d) If the PC is the destination in any instruction
(e.9. 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 will be cleared. In case where the pro-
gram memory is greater than 512 bytes,
PC<10:9> will be loaded with Page Select bits
PA1:PAO (STATUS<6:55).

It should be noted that because bit8 (ninth bit) of the PC
is cleared in the 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).

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
next higher page. However, the page preselect bits in
the STATUS register will not be changed, and the next
GOTO, CALL, ADDWF PC, or MOVWF PC instruction will
return to the previous page, unless the page preselect
bits have been updated under program control. For
example, an NOP at location 1FFh (page 0) increments
the PC to 200h (page 1). AGOTO xxx at 200h will
return the program to address xxxh on page 0 (assum-
ing that PA1:PAO is clear).

Upon a RESET condition, page O 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 0.
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4.7 W (Working) Register

The W register holds the second operand in two oper-
and instructions and/or supports the internal data trans-
fer.

EVENTS AFFECTING TO/PD
STATUS BITS

TABLE 4-3:

Event T PD Remarks

Power-up 1

1
WDT Timeout 0 x | No effect on PD
SLEEP instruction 1

o

CLRWDT instruction 1 1

A WDT timeout will occur regardless of the status of
the TO bit. A SLEEP instruction will be executed,
regardless of the status of the PD bit. Table 4-4
reflects the status of TO and PD after the corre-
sponding event.

471  TIME OUT AND POWER DOWN STATUS
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
Timer or MCLR pin.

These STATUS bits are only affected by events listed in
Table 4-3.

TABLE 4-4: TO/PD STATUS AFTER
RESET

TO PD RESET was caused by
0 0 WDT wake-up from SLEEP
0 1 WDT time-out (not during SLEEP)
1 0 MCLR wake-up from SLEEP
1 1 Power-up
u u  |=Low pulse on MCLR input

The TO and PD bits maintain their status (u) until an
event of Table 4-3 occurs. Alow-pulse on the MCLR
input does not change the TO and PD status bits.

© 1995 Microchip Technology Inc.
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NOTES:
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5.0 /O PORTS

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

51  PORTA

PORTA is a 4-bit I/O register. Only the low order 4 bits
are used (RA3:RAQ). Bits 7-4 are unimplemented and
read as '0's.

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

PIC16C55/C57: 8-bit I/0 register.
PIC16C54/CR54/C56: General purpose register.

5.4 TRIS Registers

The output driver control registers are loaded with the
contents of the W register by executing the TRIS £
instruction. A'1' from a TRIS register bit puts the corre-

sponding output driver in a hi-impedance mode. A '0'
puts the contents of the output data latch on the
selected pins.

_ Aread of the ports reads the pins, not the
_ output data latches, i.e., if an output driver
~ onapinis enabled and driven high, but the
~ external system is holding it low, a read of

__the port will indicate that the pinislow.
The TRIS registers are “write-only” and are setto all ‘1's
(output drivers disabled) upon RESET.

55 VO Interfacing

The equivalent circuit for an I1/O port pin is shown in
Figure 5-1. 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 out-
puts are latched and remain unchanged until the output
latch is rewritten. To use a port pin as output, the corre-
sponding direction control bit (in TRISA, TRISB,
TRISC) must be cleared (= 0). For use as an input, the
corresponding TRIS bit must be '1'. Any I/O pin can be
programmed individually as input or output.

FIGURE 5-1: EQUIVALENT CIRCUIT FOR A SINGLE I/O PIN

From

——D Q
%%t: Qutput
Data
Latch

Write ——» CK Q

VDD

1/0 Pin

To Data Bus /‘
Read
From >
W Register D 110 .
Control
Latch

TRIS f —| CK Q

"Reset"

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

— e [ B

Vss
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5.6 VO Programming Considerations

5.6.1 BI-DIRECTIONAL I/O PORTS

Some instructions operate internally 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
used when these instructions are applied to a port
where one or more pins are used as input/outputs. For
example, a BSF operation on bit5 of PORTB will cause
all eight bits of PORTB to be read into the CPU. Then
the BSF operation takes place on bit5 and the PORTB
value is written to the output latches. If another bit of
PORTB is used as a bi-directional I/O pin (say bit0) and
it is defined as an input at this time, the input signal
presenton the pin itself would be read into the CPU and
rewritten to the data latch of this particular pin, overwrit-
ing the previous content. As long as the pin stays in the
input mode, no problem occurs. However, if bitO is
switched into output mode later on, the content of the
data latch may now be unknown.

Example 5-1 shows the effect of two sequential
read-modify-write instructions (e.g., BCF, BSF, etc.)on
an I/O PORT.

A pin actively outputting a Hi or LO 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.

EXAMPLE 5-1: READ-MODIFY-WRITE

INSTRUCTIONS ON AN I/O
PORT
;Initial PORT Settings
H PORTB<7:4> Inputs
; PORTB<3:0> Outputs
; PORTB<7:6> have external pull-ups and are
;not connected to other circuitry

H

; PORT latch PORT pins
BCF  PORTB, 7 ; Olpp pppp  1lpp pPppPP
BCF PORTB, 6 ; 10pp pppp  1llpp DPPP
BSF  STATUS,RPO ;

MOVLW 03Fh ;
TRIS PORTB ; 10pp pppPpP 10pp pppPP

; Note that the user may have expected the pin
;values to be 00pp pppp. The 2nd BCF caused
;RB7 to be latched as the pin value (High).

56.2 SUCCESSIVE OPERATIONS ON I/O

PORTS

The actual write to an I/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
(Figure 5-2). Therefore, care must be exercised if a
write followed by a read operation is carried out on the
same I/O port. The sequence of instructions should
allow 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 another
instruction not accessing this I/0 port.

FIGURE 5-2: SUCCESSIVE /O OPERATION
; Q1] Q2| Q3| Q4; Q1| Q2| Q3| Q4; Q1] Q2| Q3| Q4; Q1| Q2| Q3] Q4, |  \ore:
: PC W‘( PC+1 'K + PC+2 :)( PC+3 : This example shows a write to PORTB
Instruction * i d v v d followed by a read from PORTB.
fetched ' MOVWF PORTB ‘MOVF PORTBW ' ' ' Note that:
. itefo . . ) Nop . NOP | data setup time = (0.25 Tcy - Teo)
. PORTB . v ' ' where TCY = instruction cycle.
RB7:RBO * . N - : TPD = propagation delay
. n s " Y Therefore, at higher clock frequencies,
' ' . ! ' . a write followed by a read may be problematic.
' ' + Portpin ' .
' ' ' .sampled here: '
Instruction * ' ' ' '
+ MOVWF PORTB :MOVF PORTBW f '
executed | T e to - ¢« NOP - NOP
, PORTB : ! ;
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6.0 TIMERO (TMR0) MODULE

The TMRO module timer/counter has the following fea-
tures:

¢ 8-bit timer/counter

* Readable and writable

¢ 8-bit software programmable prescaler

* Internal or external clock select

¢ Edge select for external clock

Figure 6-1 is a simplified block diagram of the TMRO

module, while Figure 6-2 shows the electrical structure
of the TMRO input.

Timer mode is selected by clearing the TOCS bit
(OPTION<5>). In timer mode, the TMRO module will
increment every instruction cycle (without prescaler). If
TMRO is written, increment is inhibited for the following
two cycles (Figure 6-3 and Figure 6-4). The user can
work around this by writing an adjusted value to the
TMRO module.

Counter mode is selected by setting the TOCS bit
(OPTION<5>). In this mode TMRO will increment
either on every rising or falling edge of pin TOCKI. The
incrementing edge is determined by the TO source
edge (TOSE) select bit (OPTION<4>). Clearing the
TOSE bit selects the rising edge. Restrictions on the
external clock input are discussed in detail in
Section 6.1.

The prescaler is shared between the TMRO module
and the watchdog timer. The prescaler assignment is
controlled in software by the control bit PSA
(OPTION<3>). Setting the PSA bit will assign the pres-
caler to the WDT and cause the prescale for TMRO to
be 1:1. Clearing the PSA bit will assign the prescaler
to TMRO. The prescaler is neither readable nor writ-
able. When the prescaler is assigned to the TMRO
module, prescale value of 1:2, 1:4, ..., 1:256 are select-
able. Section 6.2 details the operation of the prescaler.

FIGURE 6-1: TMRO BLOCK DIAGRAM
Data bus
Foscl4 0 PSout 1 o
Sync with
clocks
g&CK' PSout
TOSE (2 cycle delay)
PS2, PS1, PSO PSA
TOCS

Note 1: Bits, TOCS, TOSE, PSA, PS2, PS1 and PSO are located in the OPTION register.
2: The prescaler is shared with Watchdog Timer (Figure 6-6).

FIGURE 6-2:

ELECTRICAL STRUCTURE OF TOCKI PIN

TOCKI

Vss Vss

RN

Schmitt Trigger
Input Buffer
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FIGURE 6-3: TMROTIMING: INTERNAL CLOCK/NO PRESCALE

P 'Q1] Q2] Q3 Q4, Q1| @2|Q3 Q4; Q1] Q2| Q3] Q4; Q1] Q2 Q3| Q4: Q1| Q2| Q3| Q4; Q1] Q2| Q3 Q4; Q1] Q2| Q3 Q4; Q1] Q2] Q3| Q4!
rogram ' . 3 . ' ' . ' 0
Elouogter) ( PC-T X PC X PC+T X PC+2 X PC+3 X PU+4 ¥ PC+5 X PC+6 )}
Instryction . MOVWF TMR0 MOVF TMRO,WMOVF TMRO,WMOVF TMRO,WMOVF TMR0, WMOVF TMRO,W X
etc ' ' 1 ' ' ' i ' '
VBN o e 1 s - 11 B 1 N G 1 G112 G 11
Instruction X . . * . . . . . . .
. ' Write TMRO | Read TMRO! Read TMRO' Read TMRO! Read TMRO | Read TMRO
Executed executed roads NTO ' reads NTO- " feads NTO ' reads NTO+ 1 reads NTO + 2
FIGURE 6-4: TMROTIMING: INTERNAL CLOCK/PRESCALE 1:2
°c 1 Q1]Q2|Q3 Q4; Q1]Q2] Q3 4, Q1] Q2| Q3 Q4. Q1] Q2| Q3 Q4; Q1] Q2| Q3 Q4. Q1] Q2| Q3 Q4; Q1] Q2| Q3 Q4; Q1| Q2| Q3 Q4!
m ' ' ' ' ' i i ' g
orgg{gr) ( PC1 £ PC X PC+1 X PT+2 X PC+3 X PC+4 - ¥ PC+S X PU+6 )]
Instryction : MOVWF TMRGMOVF TMR0,WMOVF TMRO,WMOVF TMR0,WMOVF TMRO, WMOVF TMRO,W X
e v ' ' ' ' ' 0 0 '
TMRO : 10 X : TO+T 5 X ; ; NTO ) 5 )(: NTO+T .
Instruction ! ' ' Writt TMRO | Read TMRO! Read TMRO! Read TMRO' Read TMRO' Read TMRO |
Execute executed reads NTO reads NTO reads NTO reads NTO reads NTO + 1

6.1 Using TMRO with External Clock

When an extemal clock input is used for TMRO, it must
meet certain requirements to be able to synchronize
with the internal phase clock (Tosc). Also, there is a
delay in the actual incrementing of TMRO after synchro-
nization.

6.1.1  EXTERNAL CLOCK SYNCHRONIZATION

When no prescaler is used, the extemal clock input is
the same as the prescaler output. Synchronizing
TOCKI with the internal phase clocks requires sampling
the prescaler output on the Q2 and Q4 cycles of the
intemal phase clocks (Figure 6-5). Therefore, it is nec-
essary for TOCKI to be high for at least 2 Tosc (plus a
small RC delay) and low for at least 2 Tosc (plus a
small RC delay). Refer to the appropriate electrical
specification table.

When a prescaler is used, the external clock input is
divided by the asynchronous ripple-counter type pres-
caler to ensure that the prescaler output is symmetrical.
For the external clock to meet the sampling require-
ment, the ripple counter must be taken into account.
Therefore, it is necessary for TOCKI to have a period of
at least 4 Tosc (plus a small RC delay) divided by the
prescaler value. The only limitation on TOCKI high and
low time is that they are greater than the minimum
pulse width requirement of 10 ns. Referto parameters
40, 41 and 42 in the appropriate electrical specification
section.

6.1.2 TMRO INCREMENT DELAY

Since the prescaler output is synchronized with the
intemal clocks, there is a small delay from the time the
external clock edge occurs to the time the TMRO mod-
ule is actually incremented. Figure 6-5 shows the
delay from the external clock edge to the timer incre-
menting.

6.2 Prescaler

An 8-bit counter is available as a prescaler for the
TMRO module, or as a post-scaler for the Watchdog
Timer, (Section 6.1.2). For simplicity, this counter is
being referred to as “prescaler” throughout this data
sheet. Note that there is only one prescaler available
which is mutually exclusive between the TMRO module
and the Watchdog Timer. Thus, a prescaler assign-
ment for the TMRO module means that there is no pres-
caler for the Watchdog Timer, and vice-versa.

The PSA and PS2:PS0 bits (OPTION<3:0>) determine
the prescaler assignment and prescale ratio.

When assigned to the TMRO module, all instructions
writing to the TMRO module (e.g.,CLRF 1, MOVWF 1,
BSF 1,x ...etc.) will clear the prescaler. When
assigned to WDT, a CLRWDT instruction will clear the
prescaler along with the Watchdog Timer. The pres-
caler is neither readable nor writable. On a RESET, the
prescaler contains all '0's.
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FIGURE 6-5: TIMERO TIMING WITH EXTERNAL CLOCK

Q1l Q2| Q31 Q4 | Q1] Q21 Q31 Q4 [Q1l Q2] Q3] Q4 | Q1] Q2! Q3| Q4

EXT CLOCK INPUT OR Small pulse
PRESCALER OUT (NOTE 2) JAWL1T\ / W /7 \_misses sampling

EXT CLOCK/PRESCALER | M\ A 1 (note 3)? 1
OUTPUT AFTER SAMPLING ————

INCREMENT TMRO (Q4)
TMRO T0 X TO+1 X T0+2

Notes:

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

FIGURE 6-6: BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER

Tey (=Fosc/4) Data Bus
A 8
o| M 1 %
TOCKI gJ( M Sync
pin ﬂD—1 ol U > 2 TMRO
X Cycles
TOSE ? f
TOCS
PSA
0 ;
M 8-bit Prescaler
U
Watchdog 11 X 8
timer
T 8 -to - IMUX PS2:PSO
S

T PSA
0] 1

WDT Enable bit

MUX (@—— PSA

Y

WDT
Time-out

Note: TOSE, TOCS, PSA, PS2:PS0 are bits in the OPTION register.
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6.2.1  SWITCHING PRESCALER ASSIGNMENT EXAMPLE 6-2: CHANGING PRESCALER

. . (WDT-TMRO)
The prescaler assignment is fully under software con- CLRWDT .Clear WDT and
trol, i.e., it can be changed “on the fly” during program ;prescaler
execution. To avoid an unintended device RESET, the MOVLW 'xxxx0xxx'b ;Select TMRO, new
following instruction sequence (Example 6-1) must be ;prescale value and
executed when changing the prescaler from TMRO to ;clock source
WDT. OPTION

EXAMPLE 6-1: CHANGING PRESCALER

(TMRO—WDT)
CLRF TMRO ;Clear TMRO
CLRWDT ;Clears WDT and
;prescaler
MOVLW ‘xxxxlxxx'b ;Select new prescale
OPTION ;value

To change prescaler from the WDT to the TMRO mod-
ule, use the sequence shown in Example 6-2. This
sequence must be used even if the WDT is disabled.

Note that a CLRWDT instruction should be executed
before switching the prescaler.

TABLE 6-1: SUMMARY OF TMRO REGISTERS

Register Name Function Address Power-on Reset Value
TMRO Timer/counter register 01h XXXX XXXX
OPTION Configuration and prescaler assign- N/A --11 1111

ment bits for TMRO. (Figure 4-4)

Legend: x = unknown, - = unimplemented, read as '0'.
Note: For reset values of registers in other reset situations, refer to Table 4-1.

TABLE 6-2:  REGISTERS ASSOCIATED WITH TMRO

Address | Name Bit7 | Bit6 Bits | Bit4 | Bit3 Bit 2 Bit 1 Bit0
01 TMRO TimerO - 8-bit real-time clock counter
WA JopTioN | ] TocS | ToSE | PsA

Legend: — = Unimplemel , read

Note: Shaded cells are not used by TMRO module.
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7.0 SPECIAL FEATURES OF THE
CPU

What sets a microcontroller apart from other proces-
sors are special circuits to deal with the needs of
real-time applications. The PIC16C5X family of micro-
controllers has a host of such features intended to max-
imize system reliability, minimize cost through
elimination of extemal components, provide power
saving operating modes and offer code protection.
These features are:

* Oscillator selection

¢ Reset

¢ Power-On Reset (POR)

* Device Reset Timer (DRT)

¢ Watchdog Timer (WDT)

e SLEEP

¢ Code protection

¢ ID locations

The PIC16C5X has a watchdog timer which can be
shut off only through configuration bit WDTE. It runs off

of its own RC oscillator for added reliability. There is an
18 ms delay provided by the Device Reset Timer

(DRT), intended to keep the chip in reset until the crys-
tal oscillator is stable. With this timer on-chip, most
applications need no extemal reset circuitry.

The SLEEP mode is designed to offer a very low cur-
rent power-down mode. The user can wake up from
SLEEP through external reset or through a watchdog
timer time-out. Several oscillator options are also
made available to allow the part to fit the application.
The RC oscillator option saves system cost while the
LP crystal option saves power. A set of configuration
bits are used to select various options.

74 nfiguration Bit

The configuration word consists of 4 or 12 bits, depend-
ing on the device configuration. Configuration bits can
be programmed to select various device configura-
tions. Two are for the selection of the oscillator type,
one is the Watchdog Timer enable bit, and one is the
code protection bit.

FIGURE 7-1: CONFIGURATION WORD FOR THE PIC16C5X

Register: CONFIG | For specifics refer to the PIC16C5X

Programming Specification

l_]_ l _|_ |__ ] _T—| -| CPJWDTE| Fosc1,|=osco|

bit11

bit0

FOSC1:FOSCO0: OSC selection bit

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

WDTE: WDT enable bit

1= WDT enabled
0= WDT disabled

CP: Code Protect bit

1 = Code Protect Off
0 = Code Protect On

Unimplemented

© 1995 Microchip Technology Inc.
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7.2 Oscillator Configurations
7.2.1 OSCILLATOR TYPES

The PIC16C5X can be operated in four different oscil-
lator modes.. The user can choose one of following
modes from the factory:

e LP: Low Power Crystal

o XT: Crystal/Resonator

¢ HS: High Speed Crystal/Resonator

* RC: Resistor/Capacitor

722 CRYSTAL OSCILLATOR/ CERAMIC

RESONATORS

In XT, LP or HS modes a crystal or ceramic resonator
is connected to the OSC1/CLKIN and OSC2/CLKOUT
pins to establish oscillation (Figure 7-2). The
PIC16C5X oscillator design requires the use of a paral-
lel cut crystal. Use of a series cut crystal may give a fre-
quency out of the crystal manufacturers specifications.
When in XT, LP or HS modes, the device can have an
external clock source drive the OSC1/CLKIN pin
(Figure 7-3).

FIGURE 7-2: CRYSTAL OPERATION (OR
CERAMIC RESONATOR) (HS,
XTORLPOSC

CONFIGURATION)

oscC1

c'1l

PIC16C5X

CJ XTAL SLEEP
o To internal
= oscz| “1° |3g'a'f:ema
[ BS ]
c2 Notel

See Table 7-1 and Table 7-2 for recommended val-
ues of C1 and C2.

Note 1: A series resistor may be required for AT
strip cut crystals.

FIGURE 7-3: EXTERNAL CLOCK INPUT

OPERATION (HS, XT OR LP
OSC CONFIGURATION)

Clock from ~|>o—> osc1
ext. system PIC16C5X

Open «——- 0SC2

TABLE 7-1: CAPACITOR SELECTION
FOR CERAMIC RESONATORS
Osc | Resonator | Cap. Range | Cap. Range
Type Freq C1 Cc2
XT |455kHz 68-100 pF 68-100 pF
2.0 MHz 15-68 pF 15-68 pF
4.0 MHz 10-100 pF 10-100 pF
HS |8.0MHz 10-68 pF 10-68 pF
16.0 MHz 10-10 pF 10-10 pF

These values are for design guidance only. Since
each resonator has its own characteristics, the user
should consult the resonator manufacturer for appro-

priate values of external components.

TABLE 7-2: CAPACITOR SELECTION
FOR CRYSTAL OSCILLATOR
Osc | Resonator | Cap.Range | Cap. Range
Type Freq C1 Cc2
LP 32 kHzt 33-68 pF 33-68 pF
200 kHz 15-33 pF 15-33 pF
XT 100 kHz 68-100 pF 68-100 pF
2 MHz 10-22 pF 10-22 pF
4 MHz 10-22 pF 10-22 pF
HS 8 MHz 22-47 pF 22-47 pF
20 MHz 22-47 pF 22-47 pF

t For VDD > 4.5V, C1 = C2 = 30 pF is recommended.
These values are for design guidance only. Rs may
be required in HS mode as well as XT mode to avoid
overdriving crystals with low drive level specification.
Since each crystal has its own characteristics, the
user should consult the crystal manufacturer for
appropriate values of external components.
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723  EXTERNAL CRYSTAL OSCILLATOR
CIRCUIT

Either a prepackaged oscillator can be used or a simple
oscillator circuit with TTL gates can be built. Prepack-
aged oscillators provide a wide operating range and
better stability. A well-designed crystal oscillator will
provide good performance with TTL gates. Two types
of crystal oscillator circuits can be used; one with series
resonance, or one with parallel resonance.

Figure 7-4 shows implementation of a parallei resonant
oscillator circuit. The circuit is designed to use the fun-
damental frequency of the crystal. The 74AS04
inverter performs the 180-degree phase shift that a par-
allel oscillator requires. The 4.7 kQ resistor provides
the negative feedback for stability. The 10 kQ potenti-
ometers bias the 74AS04 in the linear region. This cir-
cuit could be used for external oscillator designs.

FIGURE 7-4: EXTERNAL PARALLEL
RESONANT CRYSTAL
OSCILLATOR CIRCUIT

+5V
To Other
% Devices
10k

4.7k 74AS04
——AM————

PIC16C5X

74AS04 CLKIN

Fok
XTAL
—i0F—
10k

= jo‘;:;l__‘zoep_l:

Figure 7-5 shows a series resonant oscillator circuit.
This circuit is also designed to use the fundamental fre-
quency of the crystal. The inverter performs a
180-degree phase shift in a series resonant oscillator
circuit. The 330Q resistors provide the negative feed-
back to bias the inverters in their linear region.

FIGURE 7-5: EXTERNAL SERIES

RESONANT CRYSTAL
OSCILLATOR CIRCUIT
To Other
330 320 Devices b, 16csx
74AS04 | 74AS04
}. CLKIN
01 WF
XTAL
{001

724 RCOSCILLATOR

For timing insensitive applications the RC device option
offers additional cost savings. The RC oscillator fre-
quency is a function of the supply voltage, the resistor
(Rext) and capacitor (Cext) values, and the operating
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 vari-
ation due to tolerance of external R and C components
used. Figure 7-6 shows how the R/C combination is
connected to the PIC16C5X. For Rext values below
2.2 kQ, the oscillator operation may become unstable,
or stop completely. For very high Rext values (e.g.,
1 MQ) the oscillator becomes sensitive to noise, humid-
ity and leakage. Thus, we recommend keeping Rext
between 3 kQ and 100 kQ.

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 extemal capacitance, the oscillation frequency
can vary dramatically due to changes in external
capacitances, such as PCB trace capacitance or pack-
age lead frame capacitance.

See Section 9.0 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 Section 9.0 for variation of oscillator frequency due
to VDD 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 pur-
poses or to synchronize other logic.

FIGURE 7-6: RC OSCILLATOR MODE

Voo
Rext Intemnal
0sC1 \E clock
Ce xtl N} PIC16C5X
Vss l PR =
Fosc/4

OSC2/CLKOUT
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7.3 Reset

The PIC16C5X differentiates between various kinds of
resets: )

* Power-On Reset (POR)

» MCLR reset during normal operation
» MCLR reset during SLEEP

¢ WDT time-out reset

Some registers are not affected in any reset condition.
Their status is unknown on POR and unchanged in any
other reset. Most other registers are reset to a “reset
state” on Power-On Reset (POR), MCLR or a WDT
reset. Note that the PIC16C5X does not differentiate
between a WDT reset during SLEEP, or during normal
operation. The TO and PD bits are set or cleared
depending on the different reset (Table 7-3). These bits
may be used to determine the nature of the reset. See
Table 7-5 for a full description of reset states of all reg-
isters.

Figure 7-7 shows a simplified block diagram of the
on-chip reset circuit.

7.4 Power-On Reset (POR) and Devi
Reset Timer (DR

741  POWER-ON RESET (POR)

The PIC16C5X family incorporates an on chip
Power-On Resst (POR) circuitry which provides an
intemal chip reset for most power-up situations. To use
this feature the user merely needs to tie the MCLR/VPP

FIGURE 7-7:  SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

pin to VDD. Figure 7-14 shows the electrical structure
of TMRO inputs. A simplified block diagram of the
on-chip Power-On Reset circuit is shown in Figure 7-7.
The Power-On Reset circuit and the Device Reset
Timer circuit are closely related. On power-up the reset
latch is set and the DRT is reset. The DRT timer begins
counting once it detects MCLR to be high. After the
time-out period, which is typically 18 ms, it will reset the
reset-latch and thus end the on-chip reset signal.

Figure 7-8 and Figure 7-9 show two power-up situa-
tions with relatively fast rise time on VoD. In Figure 7-8,
VoD is allowed to rise and stabilize before bringing
MCLR high. The chip will actually come out of reset
TorT msec after MCLR goes high. In Figure 7-9, the
on-chip Power-On Reset feature is being used (MCLR
and VDD are tied together). The VDD is stable before
the start-up timer times out and there is no problem in
getting a proper reset. Figure 7-10 depicts a potentially
problematic situation where VDD rises too slowly. In
this situation, when the start-up timer times out, Vop
has not reached the VbD (min) value and the chip is,
therefore, not guaranteed to function correctly.

To summarize, the on-chip POR is guaranteed to work
if the rate of rise of VDD is no slower than 0.05V/ms and
VDD starts from OV. The on-chip POR time delay is too
short for low frequency crystals which require much
longer than 18 ms to start-up and stabilize. For such
situations, we recommend that external RC circuits be
used to achieve longer POR delay times.

onchip | ] )
RC OSC

Power-Up
Detect |
Voo POR (Power-On Reset)
>
MCLR/VPP pin WDT Time-out
RESET
8-bit Asynch S Q

Ripple Counter
(Start-Up Timer)

Hi SE
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742 DEVICE RESET TIMER (DRT)

The Device Reset Timer provides a fixed 18 ms nomi-
nal time-out on reset. The Device Reset Timer oper-
ates on an internal RC oscillator. The processor is kept
in RESET as long as the DRT is active. The DRT delay
allows the VDD to rise above VDD min., and for the oscil-
lator to stabilize.

Oscillator circuits based on crystals or ceramic resona-
tors require a certain time after power-up to establish a
stable oscillation. The on-chip DRT keeps the device in
a RESET condition for approximately 18 ms after the
voltage on the MCLR/VPP pin has reached a logic high
(ViHMC) level. Thus, external 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 Device Reset time delay will vary from chip to chip
due to VDD, temperature, and process variation. See
AC parameters for details.

The DRT will also be triggered upon a Watchdog Timer
time-out. This is particularly important for applications
using the WDT to wake the PIC16C5X from SLEEP
mode automatically.

743

TIME-OUT SEQUENCE

Table 7-4 lists the reset conditions for the special func- |
tion registers, while Table 7-5 lists the reset conditions
for all the registers.

TABLE 7-3:

TO/PD STATUS AFTER
RESET

PD

RESET was caused by

WDT wake-up from SLEEP

WDT time-out (not during SLEEP)

MCLR wake-up from SLEEP

Power-up

Cl—'!—'ooa‘l

0
1
0
1
u

= Low pulse on MCLR input

The TO and PD bit maintain their status (u) until a
reset occurs. A low-pulse on the MCLR input does
not change the TO and PD status bits.

TABLE 7-4: RESET CONDITIONS FOR SPECIAL REGISTERS
. STATUS PCL
Condition Addr: 03h Addr: 02h
Power-On Reset 0001 1xxx 1111 1111
MCLR reset during normal operation 000u uuuu (1) 1111 1111
MCLR reset during SLEEP 0001 Ouuu 1111 1111
WDT reset during SLEEP 0000 Ouuu 1111 1111
WDT reset during normal operation 0000 luuu 1111 1111
Legend: u =unchanged, x = unknown, - = unimplemented read as '0'".
Note 1: TO and PD bits retain their last value until one of the other reset conditions occur.
2: The CLRWDT instruction will set the TO and PD bits.
TABLE 7-5: RESET CONDITIONS FOR ALL REGISTERS
Register Address Power-On Reset MCLR or WDT Reset
W N/A XXXX XXXX uuuu uuuu
TRIS N/A 1111 1111 1111 1111
OPTION N/A --11 1111 --11 1111
INDF 00h — —
TMRO 0th XXX XXKX uuuu uuuu
PCL 02h 1111 1111 1111 1111
STATUS 03h 0001 Ixxx 0007 ?uuu (1)
FSR 04h XXXX XXXX luuu uuuu
PORTA 05h ———— XXXX -——- uuuu
PORTB 06h XXX XXXX uuuu uuuu
PORTC 07h XXXX XXXX uuuu uuuu
General Purpose 08-7Fh XXXX XXXX uuuu uuuu
register files
Legend: u =unchanged, x = unknown, -= unimplemented readas'0’, ?=value depends on condition.

Note 1. See Table 7-4 for reset value for specific conditions.
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FIGURE 7-8: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vbp): CASE 1

MCLR '———/L

INTERNAL POR ——' X

DRT TIME-OUT I

INTERNAL RESET

FIGURE 7-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vbp): Case 2

Vop —/ :
MCLR ' -

INTERNALPOR | Lo

DRT TIME-OUT . J

INTERNAL RESET

FIGURE 7-10: TIME-OUT SEQUENCE ON POWER-UP (MCLRTIED TO VbD)

Voo

MCLR ——/F

INTERNAL POR ———l

DRT TIME-OUT |

INTERNAL RESET |
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FIGURE 7-11: EXTERNAL POWER-ON
RESET CIRCUIT (FOR SLOW
Vob POWER-UP)
Voo Vop
D R
R1
MCLR
I c PIC16C5X
Note:

1. External Power-On Reset circuit is required
only if VDD power-up is too slow. The diode
D helps discharge the capacitor quickly
when VDD powers down.

2. R < 40kQ is recommended to make sure
that voltage drop across R does not exceed
0.2V (max leakage current spec on
MCLR/VPP pin is 5pA). A larger voltage
drop will degrade VIH level on MCLR/VPP
pin.

3. R1=100Qto 1 kQ will limit any current flow-
ing into MCLR from external capacitor C in
the event of MCLR pin breakdown due to

FIGURE 7-14:

FIGURE 7-12: BROWN-OUT PROTECTION

CIRCUIT 1
Voo
Vop
33k
10k VTR
4%k | pic1ecsx

1

This circuit will activate reset when VDD goes below Vz +
0.7V (where Vz = Zener voltage).

FIGURE 7-13: BROWN-OUT PROTECTION

CIRCUIT 2
Voo
Vop
R1
Q1
MCLR
R2
40k | pic16csX

This brown-out circuit is less expensive, although
less accurate. Transistor Q1 turns off when VoD
is below a certain level such that:

VDD * =0.7V.

R1
R1+R2

ELECTRICAL STRUCTURE OF MCLR/Vep PIN

Vss

Vss

RN

Schmitt Trigger
Input Buffer
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7.5 Watchdog Timer (WDT)

The watchdog timer is realized as a free running
on-chip RC oscillator which does not require any exter-
nal components. This RC oscillator is separate from the
RC oscillator of the OSC1/CLKIN pin. That means that
the WDT will run even if the clock on the OSC1/CLKIN
and OSC2/CLKOUT pins have been stopped, for
example, by execution of a SLEEP instruction. During
normal operation a WDT time-out generates a device
RESET. If the device is in SLEEP mode, a WDT
time-out causes the device to wake-up and continue
with normal operation. The WDT can be permanently
disabled by programming the configuration bit WDTE
as a '0' (Section 7.1).

7.5.1 WDT PERIOD

The WDT has a nominal time-out period of 18 ms, (with
no prescaler). These periods vary with temperature,
VDD and part to part process variations(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 control) by writing to the OPTION
register. Thus, time-out periods up to 2.3 seconds can
be realized.

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

The TO bit (STATUS<4>) will be cleared upon a watch-
dog timer time-out.
7.5.2 WDT PROGRAMMING CONSIDERATIONS

Under worst case conditions (VDD = Min., Temperature
= Max., max. WDT prescaler), it may take several sec-
onds before a WDT time-out occurs.

FIGURE 7-15: WATCHDOG TIMER BLOCK DIAGRAM

From TMRO Clock Source
(Figure 6-6)

| .

Postscaler

Watchdog 1
Timer

xc=Z

[

WDT Enable PSA
EPROM Fuse

l

8-to-1MUX |«———PS2:PSO

To TMRO (Figure 6-6)

Note: TOCS, TOSE, PSA, PS2:PS0
are bits in the OPTION register.

MUX |« PSA

l

wDT
Time-out

FIGURE 7-16: SUMMARY OF REGISTERS ASSOCIATED WITH THE WATCHDOG TIMER

Config. Word

Bit 4

OPTION - 0C 0SE |

Bits | Bit2 | Bit1 | Bito |

Note 1: Shaded cells are not used by the Watchdog Timer.
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7.6 Power-Down Mode (SLEEP)

The Power-Down mode is entered by executing a
SLEEP instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the TO bit (STATUS<4>) is set, the PD
bit (STATUS<3>) is cleared and the oscillator driver is
turned off. The I/O ports maintain the status they had
before the SLEEP instruction was executed (driving
high, driving low, or hi-impedance).

It should be noted that a RESET generated by a WDT
time-out does not drive the MCLR/VPP pin low.

For lowest current consumption while powered down,
the TOCKI input should be at VoD or Vss and The
MCLR/VPP pin must be at a logic high level (VIHMC).

761  WAKE-UP FROM SLEEP

The device can wake up from SLEEP through one of
the following events:

1. An external reset input on MCLR/VPP pin.

2. A Watchdog timer time-out reset (if WDT was
enabled).

Both of these events cause a device reset. The TO and
PD bits can be used to determine the cause of device
reset. The TO bit is cleared if a WDT time-out occurred
(and caused wake-up). The PD bit, which is set on
power-up, is cleared when SLEEP is invoked.

The WDT is cleared when the device wakes from
sleep, regardless of the wake-up source.

7.7 Code Protection

The code in the program memory can be protected by
clearing the code protect bits.

In a code protected mode, the configuration word will
not be protected, allowing reading of all bits.

Once code protected, all memory locations read out in
a scrambled fashion. For EPROM devices, program
memory locations 40h and above cannot be further
programmed. However, the first 64 locations, 00h -
3Fh, may be programmed. These locations are not
considered "secure”.

7.8 1D Locations

Four memory locations are designated as ID locations
where the user can store checksum or other code-iden-
tification numbers. These locations are not accessible
during normal execution but are readable and writable
during program/verify.

Use only the lower 4 bits of the ID locations and always
program the upper 8 bits as 1's.

© 1995 Microchip Technology Inc.
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NOTES:
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8.0 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 8-2 groups the instructions into
byte-oriented, bit-oriented, and literal and control oper-
ations.

For byte-oriented instructions, 'f' represents a file reg-
ister designator and 'd' represents a destination desig-
nator. The file register designator is used to specify
which one of the 32 file registers is to be used by the
instruction.

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

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

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

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

TABLE 8-1:

OPCODE FIELD
DESCRIPTIONS

Field

Description

Register file address (0x00 to 0x7F)

Working register (accumulator)

Bit address within an 8-bit file register

Literal field, constant data or label

X |®|o|=|m

Don't care location (= 0 or 1)

The assembler will generate code with x = 0.
It is the recommended form of use for compat-
ibility with all Microchip software tools.

d Destination select;
d =0 (store result in W)
d =1 (store result in file register ‘')
Defaultisd=1
label |Label name
TOS Top of Stack
PC Program Counter
WDT Watchdog Timer Counter
TO Time-Out bit
D Power-Down bit
dest Destination, either the W register or the speci-
fied register file location
[1] Options
() Contents
- Assigned to
<> Register bit field
€ In the set of
italics | User defined term (font is courier)

© 1995 Microchip Technology Inc.
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TABLE 8-2:  INSTRUCTION SET SUMMARY

Mnemonic, Description Cycles | 12-Bit Opcode Status | Notes
Operands ' MSb LSb | Affected
ADDWF  fd Add Wand f 1 0001 11d4f ffff[(C,DC,Z (1,24
ANDWF fd AND W with f 1 0001 014df ffff|Z 24
CLRF f Clear f 1 0000 011f ffff|Z 4
CLRW - Clear W 1 0000 0100 0000|Z

COMF f,d Complement f 1 0010 01df ffff(Z

DECF f,d Decrement f 1 0000 11df ffffl|Z 2,4
DECFSZ f,d Decrement f, Skip if.0 1(2) |0010 11df ffff|None 2,4
INCF f,d Incrementf 1 0010 10d4f ffff(Z 2,4
INCFsz f,d Increment f, Skip if 0 1(2) [0011 114f f££f|None 2,4
IORWF f,d Inclusive OR W with { 1 0001 004f ffff|Z 24
MOVF f,d Move f 1 0010 004f ffff|Z 2,4
MOVWF f Move W to f 1 0000 001f ffff|None 1,4
NOP - No Operation 1 0000 0000 0000 |None

RLF f,d Rotate left f through Carry 1 0011 01df ffff|C 2,4
RRF f,d Rotate right f through Carry 1 0011 004f ffff|C 24
SUBWF f,d Subtract W from f 1 0000 10df ffff|C,DC,Z (1,24
SWAPF f,d Swap f 1 0011 10d4f ffff|None 2,4
XORWF f,d Exclusive OR W with f 1 0001 10d4f ffff|Z 2,4
BIT-ORIENTED FILE REGISTER OPERATIONS

BCF f,b Bit Clear f : 1 0100 bbbf ffff|None 2,4
BSF f,b Bit Set f 1 0101 bbbf ffff [None 2,4
BTFSC f,b Bit Test f, Skip if Clear 1(2) |0110 bbbf ffff|None .
BTFSS f,b Bit Test f, Skip if Set 1(2) |0111 bbbf ffff|None
LITERAL AND CONTROL OPERATIONS '

ANDLW  k AND literal with W 1 ]1110 kkkk kkkk|Z

CALL k Call subroutine 2 1001 kkkk kkkk |None 1
CLRWDT k Clear watchdog timer 1 0000 0000 0100 |TOPD
GOTO k Unconditional branch 2 101k kkkk kkkk |None
IORLW k Inclusive OR literal with W 1 1101 kkkk kkkk|Z
MOVLW k Move Literal to W 1 1100 kkkk kkkk |None
OPTION k Load OPTION register 1 0000 0000 0010 [None
RETLW k Retum, place literal in W 2 1000 kkkk kkkk |None
SLEEP - Go into standby mode 1 |oo00 0000 0011 |TOPD
TRIS f Load TRIS register 1 0000 0000 Offf|None 3
XORLW k Exclusive OR Literal to W 1 1111 kkkk kkkk|Z

Note 1: the 9th bit of the program counter will be forced to a '0’ by any instruction that writes to the PC except for
GOTO. (Section 4.6}

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

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 PORTA, B or C, respectively. A'1' forces the pin to a hi-impedance state and disables
the output buffers.

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

DS30015L-page 2-44 © 1995 Microchip Technology Inc.



PIC16C5X

ADDWF AddW and f ANDWF AND W with f
Syntax: [ label | ADDWF {d Syntax: [ label] ANDWF fd
Operands: 0<f<127 Operands: 0<t<127
de [0,1] de [0,1]
Operation: (W) + (f) - (dest) Operation: (W) .AND. (f) - (dest)
Status Affected: C,DC, Z Status Affected:  Z
Encoding: l 0001 [ 114f | £EEE | Encoding: [ 0001 [omf [ ee£t l
Description: Add the contents of the W register Description: The contents of the W register are
and register ‘. If 'd’ is O the resuitis AND'ed with register 'f'. if 'd" is O the
stored in the W register. If'd'is 1 the result is stored in the W register. If 'd'
result is stored back in register 'f'. is 1the result is stored back in register
Words: 1 .
Cycles: 1 Words: 1
Example: ADDWF  FSR, 0 Cycles: 1
Before Instruction Example: ANDWE  FSR, 1
W = 0x17 Before Instruction
FSR= 0xC2 W = 0x17
After Instruction R
W = 0xD9 After Instruction
FSR= OxC2 W = 0xi7
FSR=  0x02
ANDLW And literal with W BCF Bit Clear f
Syntax: [ label] ANDLW  k Syntax: [label] BCF fb
Operands: 0<k<255 Operands: 0<f<127
Operation: (W) .AND. (k) = (W) 0<b<7
Status Affected: 2 Operation: 0 — (f<b>)
Encoding: [1110 [wo [ooec ] Status Affected:  None
Description: The contents of the W register are Encoding: 0100 |bbbf | £££f
AND’ed with the eight bit literal 'k'. Description: Bit 'b' in register 'f' is cleared.
The result is placed in the W register.
W Words: 1
: 1
ords Cycles: 1
Cycles: 1 Example: BCF FLAG_REG, 7
Example: ANDLW  OxSF

Before Instruction

W =

OxA3

After Instruction

W =

0x03

Before Instruction
FLAG_REG = 0xC7

After Instruction
FLAG_REG = 0x47

© 1995 Microchip Technology Inc.
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BSF Bit Set f
Syntax: [label] BSF fb
Operands: 0<f<127
0<bs<s7
Operation: 1 - (f<b>)
Status Affected:  None
Encoding: Ulm | bbbf | fEEE ‘

Description: Bit 'b' in register 'f' is set.
Words: 1

Cycles: 1

Example: BSF FLAG_REG, 7

Before Instruction
FLAG_REG= O0x0A

Atfter Instruction
FLAG_REG= O0x8A

BTFSC Bit Test f, Skip if Clear BTFSS Bit Test f, Skip if Set

Syntax: [ label] BTFSC fb Syntax: [ label] BTFSS {b

Operands: 0<f<127 Operands: 0<f<127
0<b<7 0<b<7

Operation: skip if (f<b>) =0 Operation: skip if (f<b>) =1

Status Affected:  None Status Affected:  None

Encoding: | 0110 | bobe | feef Encoding: [ 0111 J bbb J FEEE J

Description: If bit 'b'" in register ‘f' is 0 then the next Description: If bit'b' in register 'f' is '1' then the next
instruction is skipped. instruction is skipped.
If bit 'b" is 0 then the next instruction If bit 'b' is '1', then the next instruction
fetched during the current instruction fetched during the current instruction
execution is discarded, and an NOP is execution, is discarded and an NOP is
executed instead, making this a 2 cycle executed instead, making this a 2 cycle

) instruction. instruction.

Words: 1 Words: 1

Cycles: 1(2) Cycles: 1(2)

Example: HERE  BTFSC  FLAG,1 Example: HERE BTFSS FLAG,1
FALSE GOTO PROCESS_CODE FALSE GOTO  PROCESS_CODE
TRUE . TRUE ®

Before Instruction

PC = address (HERE)
After Instruction

ifFLAG<1> = 0,

PC = address (TRUE);

if FLAG<1> = 1,

PC = address (FALSE)

Before Instruction

PC = address (HERE)
After Instruction

IfFLAG<1> = -0,

PC = address (FALSE);

if FLAG<1> = 1,

PC = address (TRUE)
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CALL Subroutine Call CLRW Clear W
Syntax: [label] CALL k Syntax: [ label] CLRW
Operands: 0< k<2047 Operands: None
Operation: (PC) + 1- Top of Stack; Operation: 00h — (W);
k — PC<8:0>; 152
(STATUS<6:5>) — PC<10:9>; Status Affected:  Z
0~ PC<8> Encodi 000 0100 | 0000
ncoding: 0
Status Affected:  None g l ' - T j ’
. T T T ] Description: The W register is cleared. Zero bit (Z)
Encoding: [ 1001 jXkkk | Kkkk | is set.
Description: Subroutine call. First, return address Words: 1
(PC+1) is pushed onto the stack. The
eight bit immediate address is loaded Cycles: 1
into PC bits <7:0>. The upper bits Example: CLRW
PC<10:9> are loaded from STA- i
TUS<6:5>, PC<8> is cleared. CALL is Before Instruction
a two cycle instruction. W = O0x5A
Words: 1 After Instruction
W = 0x00
Cycles: 2 z = 1X
Example: HERE CALL  THERE
Before Instruction
PC = address (HERE)
After Instruction
PC = address (THERE)
TOS=  address (HERE)
CLRF Clear f CLRWDT Clear Watchdog Timer
Syntax: [ label] CLRF f Syntax: [ label] CLRWDT
Operands: 0<f<127 Operands: None
Operation: 00h — (f); Operation: 00h — WDT;
152 0 — WDT prescaler;
Status Affected:  Z 1-7T0;
15 PD
Encoding: | o000 [o11f | esee | —
Status Affected: TO, PD
Description: The contents of register 'f' are cleared .
and the Z bit is set. Encoding: I 0000 | 0000 | 0100 {
Words: 1 Description: The CLRWDT instruction resets the
WDT. It also resets the prescaler of
Cycles: 1 the WDT. Status bits TO and PD are
Example: CLRF  FLAG_REG set.
Before Instruction Words: 1
FLAG_REG = Ox5A Cycles: 1
After Instruction Example: CLRWDT
FLAG_REG = 0x00 .
z - 1 Before Instruction
WDT counter = ?
After Instruction
WDT counter =  0x00
WDT prescale = 0
TO = 1
PD = 1
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COMF Complement f DECFSZ Decrement f, Skip if 0
Syntax: [ label] COMF f.d Syntax: [ label] DECFSZ fd
Operands: 0<f<127 Operands: 0<f<127
de [0,1] de [0,1] ,
Operation: ) — (dest) Operation: (f)—=1—d; skipifresult=0
Status Affected: Z Status Affected:  None
Encoding: [ o010 |oiaf | £fee | Encoding: I o010 |11af | £eee |
Description: The contents of register 'f' are comple- Description: The contents of register 'f' are decre-
mented. If 'd" is O the result is stored in mented. If 'd" is 0 the result is placed
the W register. If 'd" is 1 the result is inthe W register. If 'd' is 1 the result is
stored back in register 'f'. _placed back in register 'f'.
Words: 1 If the result is 0, the next instruction,
which is already fetched, is discarded
Cycles: 1 and an NOP is executed instead mak-
Example: COMF REG1,0 ing it a two cycle instruction.
Before Instruction Words: 1
REG1 = 0x13 Cycles: 1(2)
After Instruction Example: HERE DECFSZ  CNT, 1
REG1 = 0Ox13 GOTO LOOP
w = OxEC CONTINUE o
Before Instruction
PC = address (HERE)
After Instruction
CNT = CNT-1;
fCNT = 0O,
PC = address (CONTINUE);
fCNT =# O,
PC = address (HERE+1)
DECF Decrement f GOTO Unconditional Branch
Syntax: [ /label] DECF fd Syntax: [ label] GOTO k
Operands: 0<f<g127 Operands: 0<k<2047
de [01] Operation: k — PC<8:0>;
Operation: (f) — 1 > (dest) STATUS<6:5> — PC<10:9>
Status Affected: 2 Status Affected:  None
Encoding: [ o000 J1tar [eer | Encoding: [To1k e | oo |
Description: Decrement register 'f. If 'd" is 0 the Description: GOTO is an unconditional branch. The
result is stored in the W register. If 'd' 9-bit immediate value is loaded into
is 1 the result is stored back in register PC bits <8:0>. The upper bits of PC
1. are loaded from STATUS<6:5>. GOTO
Words: 1 is a two cycle instruction.
Cycles: 1 Words: 1
Example: DECF  ONT, 1 Cycles: 2
Before Instruction Example: GOTO THERE

CNT = 0x01 After Instruction
z = 0 PC = address (THERE)
After Instruction
CNT = 0x00
4 = 1
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INCF Increment f IORLW Inclusive OR literal with W
Syntax: [label] INCF fd Syntax: [ label] IORLW k
Operands: 0<f<127 Operands: 0<k<255
de [0.1] Operation: (W) .OR. (K) = (W)
Operation: (f) + 1 — (dest) Status Affected:  Z
Status Affected:  Z Encoding: l 1101 l kkkk [ kkkk ]
Encoding: l 0010 I 10af ‘ i | Description: The contents of the W register are
Description: The contents of register 'f' are incre- OR’ed with the eight bit literal 'k'. The
mented. If 'd" is O the result is placed result is placed in the W register.
in the W register. If 'd" is 1 the result is Words: 1
placed back in register 'f'. ovel ) ;
Words: 1 ye es.l
: IORLW  0x35
Cycles: 1 Example: *
Before Instruction
Example: INCF  CNT, 1 W = O0x9A
Before Instruction :
After Instruction
CNT = OxFF W = OXBF
4 = 0
After Instruction
CNT = 0x00
z = 1
INCFSZ Increment f, Skip if 0 IORWF Inclusive OR W with f
Syntax: [ label] INCFSZ f{d Syntax: [ label] I1ORWF fd
Operands: 0<f<127 Operands: 0<f<127
de [0,1] de [0,1]
Operation: (f) + 1 — (dest), skip if result =0 Operation: (W) .OR. (f) — (dest)
Status Affected:  None Status Affected:  Z
Encoding: [oo11 [1iar [eeee | Encoding: [ o001 [ooar | esee |
Description: The contents of register 'f' are incre- Description: Inclusive OR the W register with regis-
mented. If 'd' is 0 the result is placed ter'f. It 'd' is O the result is placed in
in the W register. If 'd' is 1 the result is the W register. If 'd" is 1 the result is
placed back in register 'f'. placed back in register 'f'.
If the result is O, then the next instruc- Words: 1
tion, which is already fetched, is dis- :
carded and an NOP is executed Cycles: 1
instead making it a two cycle instruc- Example: IORWF RESULT, 0
tion.
Before Instruction
Words: L RESULT =  Oxi3
Cycles: 1(2) w = 0x91
Example: HERE INCFSZ CNT, 1 After Instruction
GOTO LOOP RESULT = 0x13
CONTINUE e w = 0x93

Before Instruction

PC

= address (HERE)

After Instruction

CNT
ifCNT
PC

if CNT
PC

CNT + 1;

0,

address (CONTINUE);
0,

address (HERE +1)

woHononon
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MOVF Move f MOVWF Move W to f
Syntax: [label] MOVF fd Syntax: [ label] MOVWF f
Operands: 0<f<127 Operands: 0<f<127
de [0,1] Operation: W) — ()
Operation: () > (dest) Status Affected:  None
Status Affected:  Z Encoding: [ 0000 Jooie [eeee |
Encoding: l 0010 I 00as | feff l Description: Move data from the W register to reg-
Description: The contents of register 'f' is moved to ister 'f'.
destination 'd". If 'd" is 0, destination is Words: 1
the W register. If 'd' is 1, the destina- )
tion is file register 'f'. 'd" is 1 is useful to Cycles: 1
test afile register since status flag Z is Example: MOVWF  TEMP REG
affected. ple: -
. Before Instruction
Words: 1 TEMP_REG = OXFF
Cycles: 1 w = Ox4F
Example: MOVF FSR, O After Instruction
After Instruction 1\;VEMP—REG = g::::
W = valuein FSR register -
MOVLW Move Literal toW NOP No Operation
Syntax: [label] MOVLW k Syntax: [ label] NOP
Operands: 0<k<255 Operands: None
Operation: k— (W) Operation: No operation
Status Affected:  None Status Affected:  None
Encoding: [ 1100 [k [ kkik | Encoding: I 0000 l 0000 J 0000 I
Description: The eight bit literal 'k’ is loaded into Description: No operation.
the W register. The don’t cares will Words: 9
assemble as Os. oras:
Words: 1 Cycles: 1
Cycles: 1 Example: NOP
Example: MOVLW  Ox5A
After Instruction
W = O0x5A
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OPTION Load OPTION Register
Syntax: [label] OPTION
Operands: None
Operation: (W) > OPTION
Status Affected:  None
Encoding: [0000  Joooo Joo1o |
Description: The content of the W register is loaded
into the OPTION register.
Words: 1
Cycles: 1
Example OPTION
Before Instruction
w = 0x07
After Instruction
OPTION = 0x07
RETLW Return, place literal in W RLF Rotate Left f through Carry
Syntax: [ label] RETLW k Syntax: [ label] RLF fd
Operands: 0<k<255 Operands: 0<f<127
Operation: k= (W); de[01]
TOS —» PC Operation: See description below
Status Affected:  None Status Affected: Cc
Encoding: l 1000 | Kkkk | Kkkk ] Encoding: I 0011 ] o1af J FEEE ]
Description: The W register is loaded with the eight Description: The contents of register 'f' are rotated
bit literal 'k'. The program counter is one bit to the left through the Carry
loaded from the top of the stack (the Flag. If 'd" is O the result is placed in
return address). This is a two cycle the W register. If 'd" is 1 the result is
instruction. stored back in register 'f'.
Werds: 1 gt
Cycles: 2
Words: 1
Example: CALL TABLE ;W contains
;table Cycles: 1
TABLE joffset value Example: RLF  REGI,0
. ;W now has table X
valuee Before Instruction
. REG1 = 1110 01lo0
ADDWF PC ;W = offset c = 0
RETLW k1 ;Begin table After Instruction
RETLW k2 REG! = 1110 0110
: W = 1100 1100
* [ = 1
RETLW kn ; End of table

Before Instruction

W =

0x07

After Instruction

W =

value of k7

© 1995 Microchip Technology Inc.
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RRF Rotate Right f through Carry SUBWF Subtract W from f
Syntax: [label] RRF fd Syntax: [label] SUBWF f{d
Operands: O0<f<127 Operands: 0<f<127
de [0,1] de [0,1]
Operation: See description below Operation: () — (W) — (dest)
Status Affected:  C Status Affected:  C,DC,Z
Encoding: [ o011 Jooar [ eeer | Encoding: [0000 [1o0ae [eeee |
Description: The contents of register f' are rotated Description: Subtract (2's complement method)
one bit to the right through the Carry the W register from register 'f', If 'd'
Flag. If 'd' is O the result is placed in is 0 the result is stored in the W reg-
the W register. If 'd" is 1 the result is ister. If 'd" is 1 the result is stored
placed back in register 'f'. back in register 'f'.
Words: 1
cles: 1
Words: 1 Cy
Example 1: SUBWF ~ REGL, 1
Cycles: 1 .
Before Instruction
Example: RRF REGL, 0 REGT = 3
Before Instruction W = 2
REG! = 1110 0110 c = 7
c = 0 After Instruction
After Instruction REG1 = 1
REG1 = 1110 0110 w = 2 o
w = 0111 0011 Cc = 1 ; result is positive
c = 1 Example 2:
Before Instruction
SLEEP Enter SLEEP Mode C‘VEC“ = g
Syntax: [label] SLEEP c = 2
Operands: None After Instruction
iame . REG1T = 0
Operation: 00h — WDT; W = 2
0 — WDT prescaler; c = 1 :resultiszero
1->TO;
0-PD Example 3:
Status Affected:  TO, PD Before Instruction
) REGT = 1
Encoding: |oooo Ioooo Ioon l W -
Description: Time-out status bit (TO) is set. The (o} = ?
power down status bit (PD) is After Instruction
cleared. The WDT and its prescaler REG1 = FF
are cleared. w = 2
The processor is put into SLEEP (o] = 0 ; result is negative
mode with the oscillator stopped.
See section on SLEEP for more
details.
Words: 1
Cycles: 1
Example: SLEEP
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SWAPF Swap f XORLW Exclusive OR literal with W
Syntax: [ label] SWAPF f.d Syntax: [label] XORLW k
Operands: 0<f<i27 Operands: 0<k<255
1 .
o i ;63[3' )] (dest<T:4) Operation: (W) .XOR. k = (W)
peration: <3:0>) — (dest<7:4>); .
(1<7:45) - (dest<3:0>) Status Affected: 2
Status Affected:  None Encoding: | 1111 ] Kkl 1 Kl J
iy I T T ] Description: The contents of the W register are
Encoding: [ 0011 |1odf | rfrr | XOR'ed with the eight bit literal 'k
Description: The upper and lower nibbles of regis- The result is placed in the W regis-
ter 'f' are exchanged. If ‘d"is 0 the ter.
result is placed in W register. If 'd' is 1 .
the result is placed in register 'f'. Words: 1
Words: 1 Cycles: 1
Cycles: q Example: XORLW OxAF
Example SWAPF REG1, 0 Befo;s lnftruc;:gs
Before Instruction .
REGT = OxAS Aﬂerv\llnstiuctlgr):1A
After Instruction
REG1 = OxA5
w = OX5A
TRIS Load TRIS Register XORWF Exclusive OR W with f
Syntax: [ label] TRIS f Syntax: [ label] XORWF fd
Operands: 5<t<7 Operands: 0<f<127
Operation: (W) - TRIS register f de [0,1]
Status Affected:  None Operation: (W) .XOR. (f) — (dest)
Encoding: | 0000 | oooo [ offf | Status Affected:  Z
Description: TRIS register f' (f = 5, 6, or 7) is loaded Encoding: ’ 0001 | 10df I FEEE ]
with the contents of the W register N
. Description: Exclusive OR the contents of the W
Words: 1 register with register 'f. If ‘d' is 0 the
Cycles: 1 result is stored in the W register. If 'd’
Example TRIS PORTA |fs 1 the result is stored back in register
Before Instruction '
w = OXA5 Words: 1
After Instruction Cycles: 1
TRISA = O0XA5 Example XORWF REG 1
Before Instruction
REG = OxAF
w = OxB5
After Instruction
REG = Ox1A
w = 0xB5

© 1995 Microchip Technology Inc.
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NOTES:
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9.0 ELECTRICAL CHARACTERISTICS
91 Absolute Maximum Ratingst

....... -55°C to +125°C

Ambient temperature under bias....
STOrage tEMPEIAIUIE ......c.ciuceirceeeeecie ettt sesssensssessenesreneabe e s e sbesessnsenens

-65°C to +150°C

Voltage on VDD with respect to Vss

0to +7.5V

Voltage on MCLR with respect to Vss

0to +14V

Voltage on all other pins with respect to Vss
Total power dissipation (Note 1)

.-0.6V to Vbp + 0.6V
800 mW

Max. current out of Vss pin

150 mA

Max. current into VoD pin

........ 50 mA

Max. current into an input pin (TOCKI only)

4500 pA

120 mA

Input clamp current, Ik (VI < 0 or VI > VDD)
Output clamp current, lok (VO < 0 or VO > VbD)

20 mA

Max. output current sunk by any I/O pin

25 mA

Max. output current sourced by any I/O pin

20 mA

40 mA

Max. output current sourced by a single 1/0 port (PORTA, B or C)
Max. output current sunk by a single I/O port (PORTA, B or C)

50 mA

Note 1: Total power dissipation should not exceed 800 mW for the package. Power dissipation is calculated as fol-
lows:

TABLE 9-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)
osc 16C5X-04 [ |

16C5X-10 16C5X-20

16LC5X-04

RC |VbD: 3.0Vto6.25V

Ibp: 2.4 mA Max. at 5.5V

IPD: 4 uA Max. at 3.0V
WDT dis

Freq: 4 MHz Max.

XT |Vpbp: 3.0V to6.25V

Ipb: 2.4 mA Max. at 5.5V

IPD: 5 pA Max. at 3.0V
WDT dis

Freq: 4 MHz M.
VbD: 4.5V to 5.5V
Ibb: 8 mA Max. at 5.5V
IPD: 4 pA Max. at 3.0V
WDT dis
Freq: 10 MHz Max.

HS VoD: 4.5V to 5.5V

WDT dis
: 20 MHz Max.

S P

LP

Fre: 200

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifica-

IbD: 16 mA Max. at 5.5V
IPD: 4 pA Max. at 3.0V

| VbD: 2.5V t0 6.25V
{loD: 11 pAtyp.at 32 kHz,

|IPD: 0.25 pAtyp. at 2.5V

2.5V

WDT dis
req: 200 kHz typ.

tions. It is recommended that the user select the device type that guarantees the specifications required.

© 1995 Microchip Technology Inc.
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TABLE 9-2:  DC CHARACTERISTICS: PIC16C5X-RC, XT, HS, LP (COMMERCIAL)

Standard Operating Conditions

DC Characteristics Operating Temperature 0°C < TA < +70°C, unless otherwise stated.

Power Supply Pins Operating Voltage VDD = 3.0V to 5.5V, unless otherwise stated.
Characteristic Sym | Min Typ Max | Units § Conditions
(Note 1)
Supply Voltage
PIC16C5X-XT Voo | 3.0 6.25 \ Fosc = DC to 4 MHz
PIC16C5X-RC - 3.0 6.25 \" Fosc = DC to 4 MHz
PIC16C5X-HS 4.5 55 v Fosc = DC to 20 MHz
PIC16C5X-LP 2.5 6.25 \" Fosc = DC to 40 kHz
RAM Data Retention Voltage | VDR 1.5 \ Device in SLEEP mode
(Note 3)
Vpo start voltage to guaran- | VPOR Vss \ See Section 7.4 for details on Power-
tee Power-On Reset On Reset
VDD rise rate to guarantee Svob | 0.05* V/ms | See Section 7.4 for details on Power-
Power-On Reset On Reset
Supply Current (Note 2)
PIC16C5X-XT [[]»} 1.8 3.3 mA | Fosc = 4 MHz, VbD = 5.5V
PIC16C5X-RC (Note 5) 1.8 3.3 mA | Fosc =4 MHz, VbD = 5.5V
PIC16C5X-HS 4.8 10 mA |Fosc =10 MHz, VDD = 5.5V
9.0 20 mA | Fosc = 20 MHz, VoD = 5.5V
PIC16C5X-LP 15 32 pA | Fosc = 32 kHz, Vbp = 3.0V, WDT dis-
abled

Power Down Current (Note 4) .
PIC16C5X : IPD 4 12 uA (VDD = 3.0V, WDT enabled

: 0.6 9 pA | VoD = 3.0V, WDT disabled

* These parameters are based on characterization and are not tested.
Note 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.
2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on
the current consumption.

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

0OSC1=external square wave, from rail to rail; all I/O pms tristated, pulled to Vbp, TOCKI = Vo,

MCLR = Vbb; WDT enabled/disabled as specified.

b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP
mode.

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

4: 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-impedance state and tied to VbD and Vss.

5: Does not include current through Rext. The current through the resistor can be estimated by the formula:
IR = VDD/2Rext (mA) with Rext in kOhm.
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TABLE 9-3: DC CHARACTERISTICS: PIC16C5XI-RC, XT, HS, LP (INDUSTRIAL)

DC Characteristics Standard Operating Conditions
Power Supply Pins Operating Temperature -40°C < TA < +85°C, unless otherwise stated.
pply Operating Voltage VDD = 3.5V to 5.5V, unless otherwise stated.
Characteristic Sym | Min Typ Max | Units Conditions
(Note 1)

Supply Voltage
PIC16C5XI-XT Vop | 3.0 6.25 \ Fosc = DC to 4 MHz
PIC16C5XI-RC 3.0 6.25 \ Fosc = DC to 4 MHz
PIC16C5XI-HS 45 55 \Y Fosc = DC to 20 MHz
PIC16C5XI-LP 25 6.25 \ Fosc = DC to 40 kHz
RAM Data Retention Voltage | VDR 1.5 \ Device in SLEEP mode
(Note 3)
VDD start voltage to guaran- | VPOR Vss \ See Section 7.4 for details on Power-
tee Power-On Reset On Reset
Vpp rise rate to guarantee SvbD | 0.05* V/ms |See Section 7.4 for details on Power-
Power-On Reset On Reset
Supply Current (Note 2)
PIC16C5XI-XT oD 1.8 3.3 mA |Fosc =4 MHz, Voo = 5.5V
PIC16C5XI-RC (Note 5) 1.8 33 mA |Fosc =4 MHz, Vop = 5.5V
PIC16C5XI-HS 4.8 10 mA |Fosc = 10 MHz, Vob = 5.5V

9.0 20 mA | Fosc = 20 MHz, Vop = 5.5V
PIC16C5XI-LP 19 40 pA | Fosc = 32 kHz, VbD = 3.0V, WDT dis-

abled

Power Down Current (Note 4)
PIC16C5XI IPD 5 14 HA | VDD = 3.0V, WDT enabled

0.6 12 pA | VDD = 3.0V, WDT disabled

* These parameters are based on characterization and are not tested.
Note 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.
2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on
the current consumption.

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

0OSC1=external square wave, from rail to rail; all /O pins tristated, pulled to Vbp, TOCKI = VoD,

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.

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

4: 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-impedance state and tied to VoD and Vss.

5: Does not include current through Rext. The current through the resistor can be estimated by the formula:
IR = VDD/2Rext (mA) with Rext in kOhm.
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TABLE 9-4:

DC CHARACTERISTICS: PIC16C5XE-RC, XT, HS, LP (AUTOMOTIVE)

DC Characteristics

Standard Operating Conditions

Operating Temperature -40°C < TA < +125°C, unless otherwise stated.

Power Supply Pins Operating Voltage VDD = 3.5V to 5.5V, unless otherwise stated.
Characteristic Sym | Min Typ Max | Units Conditions
(Note 1)

Supply Voltage
PIC16C5XE-XT Voo | 3.25 6.0 V  |Fosc=DC to 4 MHz
PIC16C5XE-RC 3.25 6.0 V' |Fosc=DC to4 MHz
PIC16C5XE-HS 4.5 55 v Fosc = DC to 20 MHz
PIC16C5XE-LP 25 6.0 V  |Fosc = DC to 40 kHz
RAM Data Retention Voltage | VDR 1.5 \ Device in SLEEP mode
(Note 3)
Vb Start Voltage to Guaran- | VPOR Vss v See Section 7.4 for details.on Power-
tee Power-On Reset On Reset
VDD rise rate to guarantee Svbp | 0.05* V/ms | See Section 7.4 for details on Power-
Power-On Reset On Reset .
Supply Current (Note 2) :
PIC16C5XE-XT oD 1.8 3.3 mA | Fosc =4 MHz, Vb = 5.5V
PIC16C5XE-RC (Note 5) 1.8 3.3 mA | Fosc =4 MHz, VoD = 5.5V
PIC16C5XE-HS 4.8 10 mA |Fosc =10 MHz, VoD = 5.5V .

9.0 20 mA |Fosc = 16 MHz, VoD = 5.5V
PIC16C5XE-LP 25 55 pA | Fosc = 32 kHz, VbD = 3.25V, WDT dis-

abled

Power Down Current (Note 4)
PIC16C5XE IPD 5 22 pA | VDD = 3.25V, WDT enabled

0.8 18 pA | VoD = 3.25V, WDT disabled

* These parameters are based on characterization and are not tested.
Note 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.
2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on

the current consumption.

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

OSC1=external square wave, from rail to rail; all I/O pins tristated, pulled to Vbp, TOCKI = Vop,
MCLR = VDbp; WDT enabled/disabled as specified.
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP

mode.

3: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data.

4: 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-impedance state and tied to Vbb and Vss.

5: Does not include current through Rext. The current through the resistor can be estimated by the formula:
IR = VDD/2Rext (mA) with Rext in kOhm.
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TABLE 9-5: DC CHARACTERISTICS:PIC16C5X-RC, XT, HS, LP (COMMERCIAL)
PIC16C5XI-RC, XT, HS, LP (INDUSTRIAL)

- Standard Operating Conditions
All pi:::;( ';ae';c;f‘z:cssupply Operating Temperature -40°C < TA < +85°C (for industrial)
Pins 0°C < TA £ +70°C (for commercial)
Operating Voltage VDD range is described in Section 9.1 and Section 9.2.
Characteristic Sym Min Typ Max Units Conditions
(Note 1)

Input Low Voltage

/O ports ViL Vss 0.2VpD v Pin at hi-impedance

MCLR (Schmitt Trigger) Vss 0.15 Vop \

TOCKI (Schmitt Trigger) Vss 0.15 Vop \

OSCH1 (Schmitt Trigger) Vss 0.15 Vbo \ PIC16C5X-RC only (Note 5)

OscC1 Vss 0.3 Vbp v PIC16C5X-XT, HS, LP

Input High Voltage

I/O ports ViH 0.45 VbD VDD \ For all VoD (Note 6)

2.0 VbD \ 4.0V < VDD £ 5.5V (Note 6)
0.36 VDD VoD \ VDD > 5.5V

MCLR (Schmitt Trigger) 0.85 VDD VoD Vv

TOCKI (Schmitt Trigger) 0.85 VbD Voo \

OSCH1 (Schmitt Trigger) 0.85 VbD VoD Vv PIC16C5X-RC only (Note 5)

0Osc1 0.7 Vbp VbD \" PIC16C5X-XT, HS, LP

Input Leakage Current For VDD < 5.5V

(Notes 3,4)

1/O ports liL -1 0.5 +1 RA [ VSS<VPIN < VDD,
Pin at hi-impedance

MCLR -5 pA | VPIN =Vss + 0.25V

MCLR 0.5 +5 pA | VPIN=VDD

TOCKI -3 0.5 +3 pA | Vss<VPIN<VDD

0OScCH1 -3 0.5 +3 pA | VSsS<VPIN<VDD
PIC16C5X-XT, HS, LP

Output Low Voltage

1/O ports VoL 0.6 \ loL = 8.7 mA, VDD = 4.5V

0SC2/CLKOUT 0.6 Vv loL = 1.6 mA, VbD = 4.5V

(PIC16C5X-RC)

Output High Voltage

1/0 ports (Note 4) VoH VbD-0.7 \" IoH = -5.4 mA, VDD = 4.5V

0OSC2/CLKOUT VbD-0.7 \ IoH = -1.0 mA, VDD = 4.5V

(PIC16C5X-RC)

Note 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.

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

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

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

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

6: The user may use the better of the two specifications.
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TABLE 9-6:

DC CHARACTERISTICS: PIC16C5X-RC, XT, HS, LP (AUTOMOTIVE)

DC Characteristics

All Pins Except Power Supply  Operating Temperature

Standard Operating Conditions

-40°C < TA< +125°C

Pins Operating Voltage VDD range is described in Section 9.1 and Section 9.2.
Characteristic Sym Min Typ Max Units Conditions
(Note 1)
Input Low Voltage
1/O ports ViL Vss 0.15 VbD \ Pin at hi-impedance
MCLR (Schmitt Trigger) Vss 0.15 VoD \
TOCKI (Schmitt Trigger) Vss 0.15 Voo \
OSC1 (Schmitt Trigger) Vss 0.15 VoD \ PIC16C5X-RC only (Note 5)
OSC1 Vss 0.3 Vbp \ PIC16C5X-XT, HS, LP
Input High Voltage
1/0 ports VIH 0.45 VbD VoD \ For all VDD (Note 6)
2.0 VoD \ 4.0V < VDD £ 5.5V (Note 6)
0.36 VDD VoD \ VoD > 5.5V
MCLR (Schmitt Trigger) 0.85 VDD VoD \
TOCKI (Schmitt Trigger) 0.85 VbD Vob \
OSC1 (Schmitt Trigger) 0.85 VbD VDD \ PIC16C5X-RC only (Note 5)
0OSscC1 0.7 VoD VoD \ PIC16C5X-XT, HS, LP
Input Leakage Current For Vbp < 5.5V
(Notes 3,4)
1/0 ports lie -1 0.5 +1 HA | VSS < VPIN < VDD,
Pin at hi-impedance
MCLR -5 pA | VPIN = Vss + 0.25V
MCLR 0.5 +5 pA | VPIN = VDD
TOCKI -3 0.5 +3 pA | VSS<VPIN< VDD
0OSscCt1 -3 0.5 +3 BA | VSS<VPIN< VDD
PIC16C5X-XT, HS, LP
Output Low Voltage
I/O ports VoL 0.6 \ loL = 8.7 mA, VDD = 4.5V
0OSC2/CLKOUT 0.6 \ loL = 1.6 mA, VoD = 4.5V
(PIC16C5X-RC)
Output High Voltage
I/O ports (Note 4) VOH VbD-0.7 \ IoH = -5.4 mA, VDD = 4.5V
0OSC2/CLKOUT VoD-0.7 \ IoH = -1.0 mA, VDD = 4.5V
(PIC16C5X-RC)
Note 1: Data in the column labeled Typical is based on characterization results at 25°C. This data is for design guid-

ance only and is not tested for, or guaranteed by Microchip Technology.

2: Total power dissipation as stated under absolute maximum ratings must not be exceeded.
3: The leakage current on the MCLR/VPP pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input

voltage.

4: Negative current is defined as coming out of the pin.
5: For PIC16C5X-RC devices, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the

PIC16C5X be driven with external clock in RC mode. '
6: The user may use the better of the two specifications.
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9.2 Timing Diagrams and Specifications

FIGURE 8-1: LOAD CONDITIONS

Pin ;CL CL= 50 pF for all pins except OSC2
15 pF for OSC2 in XT, HS or LP
Vss modes when external clock is used

to drive OSC1
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FIGURE 9-2:

EXTERNAL CLOCK TIMING

Q4

Q1 Q2

Q1

0scC1
CLKOUT \ /
TABLE 9-7: EXTERNAL CLOCKTIMING REQUIREMENTS
Parameter Sym Characteristic Min | Typt| Max | Units| Conditions
No.
Fosc External CLKIN Frequency DC | — 4 MHz | RC osc mode
(Note 1) pc| — 4 | MHz | XT osc mode
DC| — 20 MHz | HS osc mode (Commv/Indust)
DC — 16 MHz | HS osc mode (Automotive)
DC —_ 40 kHz | LP osc mode
Oscillator Frequency DC | — 4 MHz | RC osc mode
(Note 1) 01| — 4 MHz | XT osc mode
4 — 20 MHz | HS osc mode (Comm/Indust)
4 — 16 MHz | HS osc mode (Automotive)
5 — 40 kHz | LP osc mode
1 Tosc External CLKIN Period 250 | — - ns | RC osc mode
(Note 1) 250 | — — ns |XT osc mode
50 — — ns | HS osc mode
100 | — — us | LP osc mode
Oscillator Period 250 | — - ns | RC osc mode
(Note 1) 250 | — | 10,000 ns |XT osc mode
625| — 250 ns | HS osc mode (Comm/Indust)
50 — 250 ns | HS osc mode (Automotive)
100 | — 200 pus | LP osc mode
2 Tcy Instruction Cycle Time (Note 1) 1.0 —_ DC us
3 TosL, TosH | Clock in (OSC1) Low or High Time 50 — — ns | XT oscillator
2.5 —_ — us | LP oscillator
10 — - ns | HS oscillator
4 TosR, TosF | Clock in (OSC1) Rise or Fall Time 25 — — ns | XT oscillator
50 —_ —_ ns | LP oscillator
15 —_ —_ ns | HS oscillator

1 Data in "Typ" column is at 5V, 25°C unless otherwise stated.

and are not tested.

Note 1:

These parameters are for design guidance only

Instruction cycle period (TcY) equals four times the input oscillator time base period. All specified values are

based on characterization data for that particular oscillator type under standard operating conditions with the
device executing code. Exceeding these specified limits may result in an unstable oscillator operation and/
or higher than expected current consumption. All devices are tested to operate at “min." values with an

external clock applied to the OSC1/CLKIN pin.
When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices.

© 1995 Microchip Technology Inc.
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FIGURE 9-3: CLKOUT AND VO TIMING
Q4 . Qi . Q2 . Q3 .
0SCt . A /) X
CLKOUT 2 (
. ; i i .

i 77727270

1/0 Pin
(output)

Note: All tests must be done with specified capacitive loads (see datasheet) 50 pF on I/O pins and CLKOUT.

D7

old value X! new value

o\

— =20,21

TABLE 9-8: CLKOUT AND /O TIMING REQUIREMENTS

Parameter Sym Characteristic Min Typt Max Units | Conditions

No.
10 TosH2ckL |OSC1T to CLKOUTL — 15 30 ns Note 1
" TosH2ckH |OSC17T to CLKOUTT —_ 15 30 ns Note 1
12 TckR CLKOUT rise time — 5 15 ns Note 1
13 TekF CLKOUT fall time — 5 15 ns Note 1
14 TekL2ioV | CLKOUTY to Port out valid — — |0.5Tcy+20| ns Note 1
15 TioV2ckH | Port in valid before CLKOUTT 025 TCY+25 | — - ns Note 1
16 TckH2iol Port in hold after CLKOUTT 0 — — ns Note 1
17 TosH2ioV [ OSC1T (Q1 cycle) to Port out valid — — 80 - 100 ns Note 2
18 TosH2iol 0SC1T (Q2 cycle) to Port input invalid

(/O in hold time) TBD — — ns
19 TioV2osH | Port input valid to OSC17T (/O in setup

time) TBD — — ns
20 TioR Port output rise time — 10 25 ns Note 2
21 TioF Port output fall time — 10 25 ns Note 2

*

t

Note 1:
2:

These parameters are characterized but not tested.

Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.

Measurements are taken in RC Mode where CLKOUT output is 4 x ToscC.

See Figure 9-1 for loading conditions.
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FIGURE 9-4:

RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER TIMING -

MCLR

Internal
POR

DRT
Timeout

Internal
RESET

Watchdog
Timer
RESET

1/0 pin
(Note 1)

&
»

. o
-/ \ / »
. ~—230 — (@
l ' ' ]
3@ . : . 2 -2
' ' ' ¢ :
—]‘ : « -—_I,—
. ' : [ ‘
T : ; —W \/
' . . —_— 31—
' — B e D e 34—

Note 1: I/O pins must be taken out of hi-impedance mode by enabling the output drivers in software.

TABLE 9-9: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER
Parameter
No. Sym | Characteristic Min | Typt | Max | Units Conditions
30 TmcL = | MCLR Pulse Width (low) 100 | — — ns |Vob=5V,-40°Cto +125°C
31 Twdt Watchdog Timer Timeout Period 9* 18 30* | ms | VbD=5V,-40°Cto +125°C
(No Prescaler)

32 TORT Device Reset Timer Period 9* 18* 30* | ms [VDD=5V,-40°Cto +125°C
34 Tioz 1/0 Hi-impedance from MCLR Low 100 | ns ‘

* These parameters are characterized but not tested.

1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only

and are not tested.
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FIGURE 9-5: TIMERO CLOCK TIMINGS

RA4/TOCKI —m—
40 : 41 o
' 42 |
TABLE 9-10: TIMERO CLOCK REQUIREMENTS
Parameter | Sym |Characteristic Min Typt| Max | Units|Conditions
No.
40 TtOH | TOCKI High Pulse Width No Prescaler 0.5Tey +20% | — | — ns
With Prescaler 10" —_ ] — ns
4 TtOL | TOCKI Low Pulse Width No Prescaler 0.5Tey +20" | — | — ns
With Prescaler 10* - — ns
42 TtOP | TOCKI Period Tcy + 40* — | - ns [N = prescale value
N (1,2, 4, ..., 256)

*

These parameters are characterized but not tested.
1 Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.
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NOTES:
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10.0 DC AND AC CHARACTERISTICS

The graphs and tables provided in this section are for design guidance and are not tested or guaranteed. In some
graphs or tables the data presented are outside specified operating range (e.g. outside specified VbD range). This is
for information only and devices are guaranteed to operate properly only within the specified range.

The data presented in this section is a statistical summary of data collected on units from different lots over a period of
time. "Typical" represents the mean of the distribution while "max" or "min" represents (mean + 35) and (mean - 30)
respectively where o is standard deviation.

FIGURE 10-1: TYPICAL RC OSCILLATOR FREQUENCY vs. TEMPERATURE

Fosc Frequency nomalized to +25°C
Fosc (25°C) C T
1.10
Rext > 10 kQ
1.08 Cext = 100 pF
1.06
1.04
1.02
1.00
0.98
VDD = 5.5V
0.96
0.94
VDD = 3.5V
0.92
0.90
0.88
0 10 20 25 30 40 50 60 70
T(°C)
TABLE 10-1: RC OSCILLATOR FREQUENCIES
Average
Cext Rext Fosc @ 5V, 25°C
20 pF 3.3k 4.973 MHz +27%
5k 3.82 MHz +21%
10k 2.22 MHz +21%
100k 262.15 kHz +31%
100 pF 3.3k 1.63 MHz +13%
5k 1.19 MHz +13%
10k 684.64 kHz +18%
100k 71.56 kHz +25%
300 pF 3.3k 660.0 kHz +10%
5k 484.1 kHz +14%
10k 267.63 kHz +15%
160k 29.44 kHz +19%

The frequencies are measured on DIP packages.

The percentage variation indicated here is part to part variation due to normal process distribution. The variation indi-
cated is 3 standard deviation from average value for VDD = 5V.
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FIGURE 10-2: TYPICAL RC OSCILLATOR

FIGURE 10-3: TYPICAL RC OSCILLATOR

FREQUENCY vs. VDD FREQUENCY vs. VDD
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FIGURE 10-5: TYPICAL IpPD vs. VDD
WATCHDOG DISABLED 25°C

FIGURE 10-7: TYPICAL IpD vs. VDD
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FIGURE 10-6: MAXIMUM IPD vs. VDD
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FIGURE 10-8: MAXIMUM IPD vs. VDD

WATCHDOG ENABLED

1PD (nA)

Temp. (°C)

50

-55
40

30 ; X
ﬁ 40 / 70

v
20 =
| A
7 |pasal
10 —= - >
L

[o]
25 30 35 40 45 50 55 60 65 7.0
VDD (Volts)

IPD, with WDT enabled, has two components:

The leakage current which increases with higher temperature
and the operating current of the WDT logic which increases
with lower temperature. At -40°C, the latter dominates
explaining the apparently anomalous behavior.
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FIGURE 10-9: VTH (INPUT THRESHOLD VOLTAGE) OF I/O PINS vs. VDD
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FIGURE 10-10: VIH, ViL OF MCLR, TOCKI AND OSC1 (IN RC MODE) vs. VDD
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FIGURE 10-11: VTH (INPUT THRESHOLD VOLTAGE) OF I/O PINS vs. VDD
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FIGURE 10-12: TYPICAL IoD vs. FREQUENCY (EXTERNAL CLOCK 25°C)
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FIGURE 10-13: MAXIMUM Ipp vs. FREQUENCY (EXTERNAL CLOCK -40°C TO +85°C)
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FIGURE 10-14: MAXIMUM Ipb vs. FREQUENCY (EXTERNAL CLOCK -55°C TO +125°C)
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FIGURE 10-15: WDT TIMER TlME-OUT FIGURE 10-16: TRANSCONDUCTANCE (gm)
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FIGURE 10-17: TRANSCONDUCTANCE (gm) FIGURE 10-19: TRANSCONDUCTANCE (gm)
OF LP OSCILLATOR vs. VoD OF XT OSCILLATOR vs. VbD
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FIGURE 10-18: IoH vs. VOH, VDD = 3V FIGURE 10-20: IoH vs. VOH, VDD = 5V
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FIGURE 10-21: loL vs. VoL, VoD = 3V

FIGURE 10-22: loL vs. VoL, VDD = 5V
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11.0 DEVELOPMENT SUPPORT

111 Development Tools

The PIC16/17 microcontrollers are supported with a full

range of hardware and software development tools:

« PICMASTER® Real-Time In-Circuit Emulator

¢ PRO MATE™ Universal Programmer

o PICSTART® Low-Cost Prototype Programmer

* PICDEM-1 Low-Cost Demonstration Board

« PICDEM-2 Low-Cost Demonstration Board

¢ MPASM Assembler

* MPSIM Software Simulator

e C Compiler (MP-C)

* Fuzzy logic development system
(fuzzyTECH®-MP)

11.2 PICMASTER: High Performance
Universal In-Circuit Emulator

The PICMASTER Universal In-Circuit Emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for all
microcontrollers in the PIC16C5X, PIC16CXX and
PIC17CXX families. A PICMASTER System configura-
tion is shown in Figure 11-1.

Interchangeable target probes allow the system to be
easily reconfigured for emulation of different proces-
sors. The universal architecture of the PICMASTER
allows expansion to support all new PIC16C5X,
PIC16CXX and PIC17CXX microcontrollers.

The Emulator System is designed to operate on PC
compatible 386 (and better) machines in the Microsoft
Windows™ 3.x environment. Thus, allowing the opera-
tor access to a wide range of supporting software and
accessories.

The PICMASTER has been designed as a real-time
emulation system with advanced features that are gen-
erally found on more expensive development tools. The
AT platform and Windows 3.x environment was chosen
to best make these features available to you, the end
user.

The PICMASTER Universal Emulator System consists
primarily of four major components:

¢ Host-Interface Card

e Emulator Control Pod

* Target-Specific Emulator Probe

¢ PC-Host Emulation Control Software

The Windows 3.x operating system allows the devel-
oper to take full advantage of the many powerful fea-
tures and functions of the PICMASTER system.

PICMASTER emulation can operate in one window,
while a text editor is running in a second window.

PC-Host Emulation Control software takes full advan-
tage of Dynamic Data Exchange (DDE), a feature of
Windows 3.x. DDE allows data to be dynamically trans-
ferred between two or more Windows programs. With
this feature, data collected with PICMASTER can be
automatically transferred to a spreadsheet or database
program for further analysis.

Under Windows 3.x, two or more PICMASTER emula-
tors can be run simultaneously from the same PC mak-
ing development of multi-microcontroller systems
possible (e.g., a system containing a PIC16CXX pro-
cessor and a PIC17CXX processor).

The PICMASTER probes specifications are shown in
Table 11-1.

FIGURE 11-1: PICMASTER SYSTEM CONFIGURATION

5VDC
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Windows 3.x | ¢
o

Common Interface Card
PC Compatible Computer

In-Cine

Power Supply < 90 - 250 VAC
(Optional)

I} Power Switch
Power Connector

PC-Interface

Interchangeable
Emulator Probe

p
p

PICMASTER Emulator Pod

Logic Probes
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TABLE 11-1: PICMASTER PROBE SPECIFICATION

PROBE
PICMASTER Probe Devices Supported Maximum Operating
Frequency Voltage
PROBE-16B PIC16C71 10 MHz 4.5V -55V
PROBE-16C PIC16C84 10 MHz 4.5V -5.5V
PROBE-16D PIC16C54, PIC16C54A, PIC16CR54, PIC16C55, 20 MHz 45V -55V
PIC16C56, PIC16C57, PIC16CR57A, PIC16C58A, and
PIC16CR58A
PROBE-16E PIC16C64 10 MHz 4.5V -5.5V
PROBE-16F PIC16C65*, PIC16C73 and PIC16C74 10 MHz 4.5V -55V
PROBE-16G PIC16C61 10 MHz 4.5V -5.5V
PROBE-16H PIC16C620, PIC16C621 and PIC16C622 10 MHz 45V -55V
PROBE-17A PIC17C42 16 MHz 45V -55V

* PROBE-16F indirectly supports the PIC16C65.
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11.3 PRO MATE: Universal Programmer

The PRO MATE Universal Programmer is a full-fea-
tured programmer capable of operating in stand-alone
mode as well as PC-hosted mode.

The PRO MATE has programmable VDD and VPP sup-
plies which allows it to verify programmed memory at
VDD min and VDD max for maximum reliability. It has an
LCD display for displaying error messages, keys to
enter commands and a modular detachable socket
assembly to support various package types. In stand-
alone mode the PRO MATE can read, verify or program
PIC16C5X, PIC16CXX and PIC17CXX devices. It can
also set fuse configuration and code-protect bits in this
mode.

In PC-hosted mode, the PRO MATE connects to the PC
via one of the COM (RS-232) ports. PC based user-
interface software makes using the programmer simple
and efficient. The user interface is full-screen and
menu-based. Full screen display and editing of data,
easy selection of fuse configuration and part type, easy
selection of VDD min, VDD max and VPP levels, load and
store to and from disk files (Intel® hex format) are some
of the features of the software. Essential commands
such as read, verify, program and blank check can be
issued from the screen. Additionally, serial program-
ming support is possible where each part is pro-
grammed with a different serial number, sequential or
random.

The PRO MATE has a modular “programming socket
module”. Different socket modules are required for dif-
ferent processor types and/or package types.

PRO MATE supports all PIC16C5X, PIC16CXX and
PIC17CXX processors.

11.4 PICSTART Low-!
System

The PICSTART programmer is an easy to use, very
low-cost prototype programmer. It connects to the PC
via one of the COM (RS-232) ports. A PC-based user
interface software makes using the programmer simple
and efficient. The user interface is full-screen and
menu-based. PICSTART is not recommended for pro-
duction programming.

t Development

11,5 PICDEM-1 Low-Cost PIC16/17
Demonstration Board

The PICDEM-1 is a simple board which demonstrates
the capabilities of several of Microchip’s microcontrol-
lers. The microcontrollers supported are: PIC16C5X
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X,
PIC16C71, PIC16C84 and PIC17C42. All necessary
hardware and software is included to run basic demo
programs. The users can program the sample micro-
controllers provided with the PICDEM-1 board, on a
PRO MATE or PICSTART-16B programmer, and
easily test firmware. The user can also connect the
PICDEM-1 board to the PICMASTER emulator and
download the firmware to the emulator for testing.
Additional prototype area is available for the user to
build some additional hardware and connect it to the
microcontroller socket(s). Some of the features include
an RS-232 interface, a potentiometer for simulated
analog input, push-button switches and eight LEDs
connected to PORTB.

11.6 PICDEM-2 Low-Cost PIC16CXX
Demonstration Board

The PICDEM-2 is a simple demonstration board that
supports the PIC16C63, PIC16C64, PIC16C65,
PIC16C73 and PIC16C74 microcontrollers. All the
necessary hardware and software is included to
run the basic demonstration programs. The user
can program the sample microcontrollers provided
with the PICDEM-2 board, on a PRO MATE pro-
grammer or PICSTART-16C, and easily test firnware.
The PICMASTER emulator may also be used with the
PICDEM-2 board to test firnware. Additional prototype
area has been provided to the user for adding addi-
tional hardware and connecting it to the microcontroller
socket(s). Some of the features include a RS-232 inter-
face, push-button switches, a potentiometer for simu-
lated analog input, a Serial EEPROM to demonstrate
usage of the IC bus and separate headers for connec-
tion to an LCD module and a keypad.

© 1995 Microchip Technology Inc.
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11.7 Assembler (MPASM)

The MPASM Cross Assembler is a PC-hosted symbolic
assembler. It supports all microcontroller series includ-
ing the PIC16C5X, PIC16CXX, and PIC17CXX fami-
lies.

MPASM offers full featured Macro capabilities, condi-
tional assembly, and several source and listing formats.
It generates various object code formats to support
Microchip's development tools as well as third party
programmers.

MPASM allows full symbolic debugging from
the Microchip Universal Emulator System
(PICMASTER).

MPASM has the following features to assist in develop-
ing software for specific use applications.

* Provides translation of Assembler source code to
object code for all Microchip microcontrollers.

» Macro assembly capability

* Produces all the files (Object, Listing, Symbol,
and special) required for symbolic debug with
Microchip’s emulator systems.

* Supports Hex (default), Decimal and Octal source
and listing formats.

MPASM provides a full feature directive language reb-
resented by four basic classes of directives:

* Data Directives are those that control the ailoca-
tion of memory and provide a way to refer to data
items symbolically, i.e., by meaningful names.
Listing Directives control the MPASM listing dis-
play. They allow the specification of titles and sub-
titles, page ejects and other listing control.
Control Directives permit sections of condition-
ally assembled code.
¢ Macro Directives control the execution and data
allocation within macro body definitions.

11.8  Software Simulator (MPSIM)

The MPSIM Software Simulator allows code develop-
ment in a PC host environment. It allows the user to
simulate the PIC16/17 series microcontrollers on an
instruction level. On any given instruction, the user may
examine or modify any of the data areas or provide
external stimulus to any of the pins. The input/output

TABLE 11-2:

DEVELOPMENT SYSTEM PACKAGES

radix can be set by the user and the execution can be
performed in; single step, execute until break, or in a
trace mode. MPSIM fully supports symbolic debugging
using MP-C and MPASM. The Software Simulator
offers the low cost flexibility to develop and debug code
outside of the Iaboratory environment making it an
excellent multi-project software ¢ development tool.

11.9  C Compiler (MP-(

The MP-C Code Development System is a complete 'C'
compiler and integrated development environment for
Microchip’s PIC16/17 family of microcontrollers. The
compiler provides powerful integration capabilities and
ease of use not found with other compilers.

For easier source level debugging, the compiler pro-
vides symbol information that is compatible with the
PICMASTER Universal Emulator memory display
(emulator software versions 1.13 and later).

The MP-C Code Development System is supplied
directly by Byte Craft Limited of Waterloo, Ontario, Can-
ada. If you have any questions, please contact your
regional Microchip FAE or Microchip technical support
personnel at (602) 786-7627.

11.10 Fuzzy Logic Devel
(fuzzyTECH-MP)

fuzzyTECH-MP fuzzy logic development tool is avail-
able in two versions - a low cost introductory version,
MP Explorer, for designers to gain a comprehensive
working knowledge of fuzzy logic system design; and
a full-featured version, fuzzyTECH-MP Edition, for
implementing more complex systems.

Both versions include Microchip’s fuzzyl AB™ demon-
stration board for hands-on experience with fuzzy logic
systems implementation.

11.11 Development Systems

For convenience, the development tools are packaged
into comprehensive systems as listed in Table 11-2.

Item Name

System Description

1. | PICMASTER System

PICMASTER In-Circuit Emulator, PRO MATE Programmer, Assembler, Soft-
ware Simulator, Samples and your choice of Target Probe.

2. | PICSTART System
and Samples.

PICSTART Low-Cost Prototype Programmer, Assembler, Software Simulator

3. | PRO MATE System

PRO MATE Universal Programmer, full featured stand-alone or PC-hosted pro-
grammer, Assembler, Simulator

DS30015L-page 2-78
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12.0 PACKAGING INFORMATION

For Package Dimensions,
please refer to the Packaging section of the Data Book
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121 Package Marking Information

18-Lead PDIP Example
MMMMMMMMMMMMX XX PIC16C56-
O MMMMMMMMXXXXXXX O RrC1/P456
R\ aaBB CDE R\ 9123 cBa
18-Lead SOIC Example
MMMMMMMMM PIC16C54-
MMMMMMMMM XTI/S0218
o S\ AABB CDE o Q9118 CDK
28-Lead SOIC Example
MMMMMMMMMMMMMMMMMMXX PIC16C57-XT/SO
XXXXXXXXXKXXXKXXXXKK
oS aass coE o8 9015 cex
28-Lead PDIP (.300") Example
XXXXXXXXXKXXXXKXXKX PIC16C56-
O XXXXXXXXXXXXKXXKXX Q RCI/P456
0O R\ AABB CDE o R\ 9123 cBA
20-Lead SSOP Example
XXXXXXXX PIC16C54
XXXXXXXX XTI/218
O‘S‘AABB CDE 0‘3‘9051 CBP

Legend: MM...M  Microchip part number information
XX...X Customer specific information™

AA Year code (last 2 digits of calender year)

BB Week code (week of January 1 is week '01°)

C Facility code of the plant at which wafer is manufactured.
C = Chandler, Arizona, U.S.A.

D1 Mask revision number for microcontroller

D2 Mask revision number for EEPROM

E Assembly code of the plant or country of origin in which

part was assembled.

Note: In the event the full Microchip part number cannot be marked on one
line, it will be carried over to the next line thus limiting the number of
available characters for customer specific information.

* Standard OTP marking consists of Microchip part number, year code, week code,
facility code, mask revision number, and assembly code. For OTP marking beyond
this, certain price adders apply. Please check with your Microchip Sales Office.
For QTP devices, any special marking adders are included in QTP price.
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28-Lead SSOP Example
XXXXXXXXXXXX PIC1657-XT
XXXXXXXXKXXXX
Oﬁ\ AABB CDE Oc\ 9225 CBK
28-Lead PDIP (.600") Example
MMMMMMMMMMMMX XX [ PIC16C55-
MMMMMMMMXXXXXXX XTI/P126
O XXXXXXXXXXXXXKXX O ! O
o SEELOE T2
18-Lead CERDIP Windowed Example

. XXXXKXXXX
S B XXXXXXXX

) PIC16C54
s (]

AABB CDE 9101 CBA
28 Lead, CERDIP Windowed Example
-/ A4
MicrocHiPe MicroCHP
MMMMMMMMMM PIC16C57
MMMMMM
AABB CDE 9038 CBA
Legend: MM..M  Microchip part number information
XX..X Customer specific information®
AA Year code (last 2 digits of calender year)
BB Week code (week of January 1 is week '01’)
C Facility code of the plant at which wafer is manufactured.
C = Chandler, Arizona, U.S.A.
D1 Mask revision number for microcontroller
Do Mask revision number for EEPROM
E Assembly code of the plant or country of origin in which
part was assembled.
Note: In the event the full Microchip part number cannot be marked on one
line, it will be carried over to the next line thus limiting the number of
available characters for customer specific information.

* Standard OTP marking consists of Microchip part number, year code, week code,
facility code, mask revision number, and assembly code. For OTP marking beyond
this, certain price adders apply. Please check with your Microchip Sales Office.
For QTP devices, any special marking adders are included in QTP price.

© 1995 Microchip Technology Inc.
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NOTES:
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APPENDIX A: COMPATIBILITY APPENDIX B: WHAT’S NEW

To convert code written for PIC16CXX to PIC16C5X, The format of this data sheet has been changed to be
the user should take the following steps: consistent with other product families. This ensures
1. Check any CALL, GOTO or instructions that mod- that important topics are covered across all PIC16/17

ify the PC to determine if any program memory families. Here is an overview list of new features:
page select operations (PA2, PA1, PAO bits) ¢ Data Sheet Structure / Outline
need to be made.
2. Revisit any computed jump operations (write to
PC or add to PC, etc.) to make sure page bits
are set properly under the new scheme.
3. Eliminate any special function register page
switching. Redefine data variables to reallocate
them.
4. Verify all writes to STATUS, OPTION, and FSR
registers since these have changed.
5. Change reset vector to proper value for proces-
sor used.
6. Remove any use of the ADDLW and SUBLW
instructions.
7. Rewrite any code segments that use interrupts.

© 1995 Microchip Technology Inc. DS30015L-page 2-83
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APPENDIX C: WHAT’S CHANGED

To make software more portable across the different
PIC16/17 families, the name of several registers and
control bits have been changed. This is so that control
bits that do the same function have the same name
(regardless of processor family). Care must still be
taken, since they may not be in the same special func-
tion register. The following shows the register and bit
names that have been changed:

REGISTER NAME CHANGES
OLD NAME NEW NAME
RTCC TMRO

BIT NAME CHANGES
OLD NAME NEW NAME
RTS TOCS
RTE TOSE

PIN NAME CHANGES
OLD NAME NEW NAME
RTCC TOCKI

DS30015L-page 2-84
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I Features

IClockl Memory l Peripherals

[FicT7Ca2 25 TMRO,TMR1, 40-pin DIP, 44-pin PLCC, 44-pin QFP
TMR2,TMR3
PIC17C43* 25 | 4K | 454 JTMRO,TMR1, Yes | Yes| 11 | 33 | 2.5-6.0 [ 58 |40-pin DIP, 44-pin PLCC, 44-pin QFP
TMR2,TMR3
PIC17C44 25 | 8K | 454 JTMRO,TMR1, Yes |Yes| 11 | 33 | 2.5-6.0 | 58 |40-pin DIP, 44-pin PLCC, 44-pin QFP
TMR2,TMR3
*  Please contact your local sales office for availa%of these devices.

Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current capa-
bility.
2: The PIC17C4X devices can also operate in microprocessor and external microcontroller modes.
3: PORTB has software-configurable weak pull-ups.
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Iciock]  Memory | Peripherals | Features
A"\\C)\
AN
&
N
& Q?e
&
o q,p‘”
PIC16C61 — . 18-pin DIP, 18-pin SOIC
PIC16C62* 20 | 2K | — | 128 | — JTMRO, 2|SPIRrC| — — —_ — | 10| 22 | 2.5-6.0 | — |28-pin SDIP, 28-pin SOIC
TMR1, TMR2
PIC16C63* | 20 | 4K | — | 192 | — JTMRO, 2{spc/| — | — | — | — 10| 22 | 3.0-6.0 | — |28-pin SDIP, 28-pin SOIC
TMR1, TMR2 SCI
PIC16C64 | 20 | 2K | — | 128 | — |TMRO, 1lspyec| Yes| — | — | — | 8 | 33 [ 3.0-6.0 | — |40-pin DIP, 44-pin PLCC, 44-pin QFP
TMR1, TMR2
PIC16C65 20 | 4K [ — | 192 [ — JTMRO, 2|spinec/| Yes| — | — | — | 11 | 33 | 3.0-6.0 | — [40-pin DIP, 44-pin PLCC, 44-pin QFP
TMR1, TMR2 SCI
PIC16C620*] 20 I512( — | 80 | — JTMRO - - - | - 2 |Yes]| 4 | 13 | 3.0-6.0 | Yes [18-pin DIP, 18-pin SOIC, 20-pin SSOP
PIC16C621*} 20 | 1K | — 80 | — JTMRO - - — — 2 |Yes| 4 13 | 8.0-6.0 | Yes |18-pin DIP, 18-pin SOIC, 20-pin SSOP
PIC16C622 | 20 | 2K | — | 128 | — JTMRO - - -] - 2 | Yes] 4 | 13 | 3.0-6.0 | Yes |18-pin DIP, 18-pin SOIC, 20-pin SSOP
PIC16C71 20 1K | — 36 | — JTMRO - - — [4ch| — — 4 13 | 3.0-6.0 | — [18-pin DIP, 18-pin SOIC
PIC16C73 20 J 4K | — | 192 | — JTMRO, 2|sPIc/| — | 5¢ch| — — | 11 | 22 | 3.0-6.0 | — |28-pin SDIP, 28-pin SOIC
TMR1, TMR2 SCI
PIC16C74 | 20 | 4K | — [ 192 [ — [TMRO, 2]spiec/| Yes [ 8ch | — | — | 12| 33 | 3.0-6.0 | — [40-pin DIP, 44-pin PLCC, 44-pin QFP
TMR1, TMR2 o]
PIC16C84 10 | — | 1K [ 36 | 64 JTMRO — - — | — | — | — ] 4 ]13] 2060 | — |18-pin DIP, 18-pin SOIC
* *Please contact your local sales office for availabﬁﬂy of these devices.

Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current capability.

2

This allows a Real Time Clock to be implemented.
3: PORTB has software-configurable weak pull-ups.

The PIC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode.
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Memory

l Peripherals L

Features

PIC16C54 20 512 — | 25 TMRO 12 | 2.5-6.25| 33 |[18-pin DIP, 18-pin SOIC, 20 pin SSOP
PIC16C54A 20 j512| —| 25 TMRO 12 | 2.5-6.25| 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP
PIC16CR54 20 | — (512] 25 TMRO 12 |2.0-6.25| 33 [18-pin DIP, 18-pin SOIC, 20 pin SSOP
PIC16C55 20 |512| —| 25 TMRO 20 |2.5-6.25| 33 |28-pin DIP, 28-pin SOIC, 28 pin SSOP
PIC16C56 20 1K |—| 25 TMRO 12 | 2.5-6.25 | 33 |18-pin DIP, 18-pin SOIC, 20-pin SSOP
PIC16C57 2 2K | — [ 72 TMRO 20 {2.5-6.25| 33 |28-pin DIP, 28-pin SOIC, 28 pin SSOP
PIC16CR567A} 20 | — | 2K | 72 TMRO 20 |2.0-6.25| 33 |[28-pin DIP, 28-pin SOIC, 28 pin SSOP
PIC16C58A 20 2K |—| 78 TMRO 12 |2.5-6.25| 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP
PIC16CRS58A | 20 | — [2K| 73 TMRO 12 |2.0-6.25| 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP
Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current

capability.
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D.1 Pin Compatibility

Devices that have the same package type; and VoD,
Vss, and MCLR pin locations, are said to be pin com-
patible. This allows these different devices to operate in
the same socket. Compatible devices may only
requires minor software modification to allow proper
operation in the application socket (ex., PIC16C56 and
PIC16C61 devices). Not all devices in the same pack-
age size are pin compatible; for example, the
PIC16C62 is compatible with the PIC16C63, but not the
PIC16C55.

Pin compatibility does not mean that the devices offer
the same features. As an example, the PIC16C54 is
pin compatible with the PIC16C71, but does not have
an A/D converter, weak pull-ups on PORTB, or inter-
rupts.

TABLE D-4:  PIN COMPATIBILE DEVICES

Pin Compatible Devices Package
PIC16C61, 18 pin
PIC16C620, PIC16C621, PIC16C622,
PIC16C71, PIC16C84,
PIC16C54, PIC16C54A, PIC16CR54,
PIC16C56, PIC16C58A, PIC16CR58A
PIC16C62, PIC16C63, PIC16C73 28 pin
PIC16C55, PIC16C57, PIC16CR57A 28 pin
PIC17C42, PIC17C43, PIC17C44 40 pin
PIC16C64, PIC16C65, PIC16C74 40 pin
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CONNECTING TO MICROCHIP BBS

Connect worldwide to the Microchip BBS using the
CompuServe® communications network. In most
cases a local call is your only expense. The Microchip
BBS connection does not use CompuServe member-
ship services, therefore you do not need CompuServe
membership to join Microchip's BBS.

There is no charge for connecting to the BBS, except
toll charge to CompuServe access number, where
applicable. You do not need to be a CompuServe
member to take advantage of this connection (you
never actually log in to CompuServe).

The procedure to connect will vary slightly from country
to country. Please check with your local CompuServe
agent for details if you have a problem. CompuServe
service allows multiple users at baud rates up to 14400
bps.

The following connect procedure applies in most loca-
tions:

1. Setyour modem to 8 bit, No parity, and One stop
(8N1). This is not the normal CompuServe set-
ting which is 7E1.

2. Dial your local CompuServe access number.

3. Depress <ENTER.J> and a garbage string will
appear because CompuServe is expecting a
7E1 setting.

4. Type +, depress <ENTER.J> and Host Name:
will appear.

5. Type MCHIPBBS, depress < ENTER.J > and
you will be connected to the Microchip BBS.

In the United States, to find CompuServe's phone num-
ber closest to you, set your modem to 7E1 and dial
(800) 848-4480 for 300-2400 baud or (800) 331-7166
for 9600-14400 baud connection. After the system
responds with Host Name:, type

NETWORK, depress < ENTER.I >
and follow CompuServe's directions.

For voice information (or calling from overseas), you
may call (614) 457-1550 for your local CompuServe
number.

Trademarks:

PICMASTER and PICSTART are registered
trademarks of Microchip Technology Incorporated.
PIC is a registered trademark of Microchip
Technology Incorporated in the U.S.A.

PRO MATE, fuzz)l AB, the Microchip logo and
name are trademarks of Microchip Technology
Incorporated.

fuzzyTECH is a registered trademark of Inform
Software Corporation.
12C is a trademark of Philips Corporation.

IBM, IBM PC-AT are registered trademarks of
Intemational Business Machines Corp.

Pentium is a trademark of Intel Corporation.

MS-DOS and Microsoft Windows are registered
trademarks of Microsoft Corporation. Windows is a
trademark of Microsoft Corporation.

CompuServe is a registered trademark of
CompuServe Incorporated.

All other trademarks mentioned herein are the
property of their respective companies. )
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578.

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

To: Technical Publications Manager Total Pages Sent
RE:  Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):
Would you like areply? Y N

Device: PIC16C5X Literature Number: DS30015L

Questions:

1. What are the best features of this document?

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

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

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

5. What deletions from the data sheet could be made without affecting the overall usefuliness?

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

7. How would you improve this document?

8. How would you improve our software, systems, and silicon products?
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PIC1 X Pr t Identification System

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed
sales offices.

PARTNO. -XX_ X /XX XXX

Pattern: 3-Digit Pattern Code for QTP (blank otherwise)
Package: P = PDIP
SO = SOIC (Gull Wing, 300 mil body) Examples:
SP = PDIP(28L, 300 mil body) a) PIC16C54 - XT/PXXX =
S8 = SSOP (209 mill body) "XT* oscillator, commercial
JW* = Windowed CERDIP temp., PDIP, QTP pattem
S = Diein Waffle Pack b) PIC16C55 - XTVSO =
Temperature 0°C to +70°C (T for tape/reel) Raliiri i
. = + :
Range: I = -40Cto+85C (Sfortapeireel) ;’3’1’5&%‘0 (OTP device)
E = —40Ct0+125C °) ki
Commercial temp. CERDIP
Oscillator RC, HS with WINDOW
Type: XT, LP d) PIC16C57 - RCI/S =
Dovh PIC16C54 "RC oscillator", industrial
vice: ice i
PIC16055 temp., dice in waffle pack
PIC16C56
PIC16C57

Note: * For UV erasable devices, the oscillator type is RC by default (=erased device). The user

can select XT, HS or LP oscillators by programming the appropriate fuses.

Sales and Support

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

1. Your local Microchip sales office (see below)

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277

3. The Microchip’s Bulletin Board, via your local CompuServe number (CompuServe membership NOT required).

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302.
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EPROM/ROM-Based 8-Bit CMOS Microcontroller Series

Devices Included in this Data Sheet
* PIC16C54A

¢ PIC16C58A

¢ PIC16CR58A

e PIC16CR57A

High-Performance RISC-like CPU

* Only 33 single word instructions to learn
¢ Allinstructions are single cycle (200 ns) except for
program branches which are two-cycle
¢ Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

. . EPROM/
Device Pins [e] ROM RAM
PIC16C54A 18 12 512 25
PIC16C58A 18 12 2K 73
PIC16CR58A 18 12 2K 73
PIC16CR57A 28 20 2K 72

¢ 12-bit wide instructions

* 8-bit wide data path

¢ Seven or eight special function hardware registers

¢ Two-level deep hardware stack

¢ Direct, indirect and relative addressing modes for
data and instructions

Peripheral Features

¢ 8-bit real time clock/counter (TMRO) with 8-bit pro-
grammable prescaler

¢ Power-On Reset (POR)

¢ Device Reset Timer

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

Programmable code-protection
¢ Power saving SLEEP mode
EPROM/ROM selectable oscillator options:

- RC: Low-cost RC oscillator

- XT: Standard crystal/resonator

- HS: High-speed crystal/resonator

- LP: Power saving, low frequency crystal

Package Types
PDIP, SOIC, Windowed CERDIP
AA2 <—a[]e1 Y 18[] <«— RA1
RA3 <—[]2 17[] «— RAO
tocki —»[]3 2B 16[] «—— OSCICLKIN
MctAvee ——[4 999 15[ ] ——~ OSC2/CLKOUT

vss —[]s 888"]‘—“’”"

re0 «—a[]6 VP D 13[] -— o7

Bl <-—a[]7 PP P 12[] «—sRB6

>
RB2 <+—[]8 1[] -— R85
RB3 <—[]9 10[] <— RB4
PDIP, SOIC, CERDIP
TOCKI ——~[]+ 1 U ) e

Voo ——-[]2 27[7] <¢——— OSC1/CLKIN
NC Os 26[] ——» 0SC2/CLKOUT
vss —[]4 25] «+— RC7

NC Os h) 24[] «—s RC6

RA0 «—»-[]6 9 23[] «—= RC5

RAl «—»-[]7 D 22[] +— RC4

A2 sl O 21[]<«—sRcs

RA3 «—[]9 a 20[ ] — RC2

RB0 «—a[]10 N 19[] «—s RC!

RB1 «—a[]11 > 18[] <«— RCO

RB2 o p[]12 17] <= RB7

RB3 ‘—’H 13 16[] <e—- RB6
RB4 o 14 15[] <—s RBS

CMOS Technology

* Low-power, high-speed CMOS EPROM/ROM tech-
nology
* Fully static design
* Wide-operating voltage range:
- EPROM Commercial/Industrial 2.5V to 6.25V
- ROM Commercial/Industrial: 2.0V to 6.25V
* Low-power consumption
- <2mAtypical @ 5V, 4 MHz
- 15 pAtypical @ 3V, 32 kHz

- < 0.3 pAtypical standby current (with WDT
disabled) @ 3V, 0°C to 70°C

© 1995 Microchip Technology Inc.
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Package Types
SSOP SSOP
RA2 <—[Je1 - RA1 TOCKI —-[Je1 -~
RA3=—=[2 U U U ~— RAO Voo —=[j2 <— OSC1/CLKIN
TOCKI —-[]3 6 '6 6 ~— OSC1/CLKIN N/C 03 26[1-— OSC2/CLKOUT
MCIRVep —=[J4 21 21 o2 — OSC2/CLKOUT Vss —»[}4 2 25[] = RC7
Vss—=[5 oo o ~<— VDD N/C 0s 0 24[1=— RC6
vss—0s OO O ~—VbD RAD <—[16 hi+4 23(] <= RC5
RBO =—[}7 I oo < RB7 RA1 -—-[17 N 22[J - RC4
RB1 =—=[]8 ¢ O & -~ RB6 RA2 <18 (¢] 21— RC3
RB2=<—>[C9 © > > ~— RB5 RA3 <—[l9 ] 200 RC2
RB3 =—=-[110 > <= RB4 RBO <—-[110 1 19{J<—RC1
RB1 =11 ~ - RCO
RB2 <—[]12 > -+ RB7
RB3 <—-[]13 = RB6
RB4 <[] - RB5
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1.0 GENERAL DESCRIPTION

The Enhanced PIC16C5X from Microchip Technology
is a family of low-cost, high-performance, 8-bit, fully
static, EPROM-based CMOS microcontrollers. This
family is pin and software compatible with the
PIC16C5X family of devices in a new enhanced pro-
cess technology. It employs a RISC-like architecture
with only 33 single word/single cycle instructions. All
instructions are single cycle (200 ns) except for pro-
gram branches which take two cycles. The Enhanced
PIC16C5X delivers performanice an order of magnitude
higher than its competitors in the same price category.
The 12-bit wide instructions are highly symmetrical
resulting in a 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 Enhanced PIC16C5X products are equipped with
special features that reduce system cost and power
requirements. The Power-On Reset (POR) and Device
Reset Timer eliminate the need for external reset cir-
cuitry. There are four oscillator configurations to choose
from, including the power-saving LP (Low Power) oscil-
lator and cost-saving RC oscillator. Power saving
SLEEP mode, watchdog timer and code protection fea-
tures improve system cost, power and reliability.

The UV-erasable CERDIP packaged versions are ideal
for code development, while the cost-effective One-
Time-Programmable (OTP) versions are suitable for
production in any volume. The customer can take full
advantage of Microchip’s price leadership in OTP
microcontrollers while benefiting from the OTP’s flexi-
bility.

The PIC16C5X products are supported by a full-fea-
tured macro assembler, a software simulator, an in-cir-
cuit emulator, a ‘C’ compiler, fuzzy logic support tools,
a low-cost development programmer, and a full fea-
tured programmer. All the tools are supported 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,
pointing devices and telecom processors. The EPROM
technology makes customizing application programs
(transmitter codes, motor speeds, receiver frequen-
cies, etc.) extremely fast and convenient. The small
footprint packages, for through hole or surface mount-
ing, make this microcontroller series perfect for applica-
tions with space limitations. Low-cost, low-power, high
performance, ease of use and I/O 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).

© 1995 Microchip Technology Inc.
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TABLE 1-1:

ENHANCED PIC16C5X FAMILY OF DEVICES

ICIockl

Memory

I Peripherals I Features

PIC16C54
PICTECEA

33

f 8-pin SOIC, 20p
18-pin DIP, 18-pin SOIC, 20 pin SSOP

PIC16CR54 — [512 2.0-6.25
Jriciecss 20 |512| — | 25 TMRO 20 |2.5-6.25 | 33 |28-pin DIP, 28-pin SOIC, 28 pin SSOP

PIC16C56 20 | 1K | — 12 |[2.5-6.25| 33 |18-pin DIP, 18-pin SOIC, 20-pin SSOP

PIC16C57 20 f 2K | — 20 |2.5-6.25| 33 |28-pin DIP, 28-pin SOIC, 28 pin SSOP

PICi6CRs7AL 20 | — |oK | ] 20 [2.0625]| 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP.
PIC16CS8A | 20 [ 2K [— | TMRO | 12 [2.5:625| 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP |
PiICT6CRs8A| 20 [ — [2k| 75 | TMRO |12 [2.0625] 83 [16:pin DIP, 16:0in SOIG, 20pin SSOP |
Note: é\;‘l F;Ig'jlelﬂ Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/O current

pability.
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2.0 PIC16C5X DEVICE VARIETIES

A variety of frequency ranges and packaging options
are available. Depending on application and production
requirements, the proper device option can be selected
using the information in this section. When placing
orders, please use the “PIC16C5X Product Identifica-
tion System” on the back page of this data sheet to
specify the correct part number.

2.1 UV Erasable Devices

The UV erasable version, offered in a CERDIP pack-
age is optimal for prototype development and pilot pro-
grams

The UV erasable version can be erased and repro-
grammed to any of the oscillator modes. Microchip's
PICSTART™ and PRO MATE™ programmers both sup-
port programming of the PIC16C5X.

2.2 One-Time-Programmable (OTP)
Devices

The availability of OTP devices is especially useful for
customers expecting frequent code changes and
updates.

The OTP devices, packaged in plastic packages permit
the user to program them once. In addition to the pro-
gram memory, the configuration fuses must be pro-
grammed.

2.3 Quick-Turnaround-Production (QTP)
Devices

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

24 Serialized Quick-Turnaround-
Production TP) Devi

Microchip offers the unique programming service
where a few user-defined locations in each device are
programmed with different serial numbers. The serial
numbers may be random, pseudo-random or sequen-
tial.

Serial programming allows each device to have a
unique number which can serve as an entry-code,
password or ID number.

25 Read Only Memory (ROM) Devices

Microchip offers masked ROM versions of several of
the highest volume patts, giving the customer a low
cost option for high volume, mature products.

© 1995 Microchip Technology Inc.
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NOTES:
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3.0 ARCHITECTURAL OVERVIEW

The high performance of the PIC16C5X family can be
attributed to a number of architectural features com-
monly found in RISC microprocessors. To begin with,
the PIC16C5X uses a Harvard architecture in which
program and data are accessed on separate buses.
This improves bandwidth over traditional von Neumann
architecture where program and data are fetched on
the same bus. Separating program and data memory
further allows instructions to be sized differently than
the 8-bit wide data word. Instruction opcodes are
12-bits wide making it possible to have all single word
instructions. A 12-bit wide program memory access
bus fetches a 12-bit instruction in a single cycle. A
two-stage pipeline overlaps fetch and execution of
instructions. Consequently, all instructions (33) execute
in a single cycle (200 ns @ 20 MHz) except for program
branches.

The PIC16C58A/CR58A and PIC16CR57A address
2K x 12 program memory, while the PIC16C54A
addresses 512 x 12 of program memory. All program
memory is internal.

The PIC16C5X can directly or indirectly address its reg-
ister files and data memory. All special function regis-
ters including the program counter are mapped in the
data memory. The PIC16C5X has a highly orthogonal
(symmetrical) instruction set that makes it possible to
carry out any operation on any register using any
addressing mode. This symmetrical nature and lack of
‘special optimal situations’ make programming with the
PIC16C5X simple yet efficient. In addition, the learning
curve is reduced significantly.

PIC16C5X devices contain an 8-bit ALU and working
register. The ALU is a general purpose arithmetic unit.
It performs arithmetic and Boolean functions between
data in the working register and any register file.

The ALU is 8-bits wide and capable of addition, sub-
traction, shift and logical operations. Unless otherwise
mentioned, arithmetic operations are two's comple-
ment in nature. In two-operand instructions, typically
one operand the W (working) register. The other oper-
and is either a file register or an immediate constant. In
single operand instructions, the operand is either the W
register or a file register.

The W register is an 8-bit working register used for ALU
operations. It is not an addressable register.

Depending on the instruction executed, the ALU may
affect the values of the Carry (C), Digit Carry (DC), and
Zero (Z) bits in the STATUS register. The C and DC bits
operate as a borrow and digit borrow out bit, respec-
tively, in subtraction. See the SUBWF and ADDWF
instructions for examples.

A simplified block diagram is shown in Figure 3-1, with
the corresponding device pins described in Table 3-1,
and Table 3-2.

© 1995 Microchip Technology Inc.
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FIGURE 3-1: PIC16C5X SERIES BLOCK DIAGRAM
9-11
EPROM 9-11 | STACK1 | o ICONFIGURATION wonoj 0sc1 0sc2 MCIR
S X120 ’ STACK2 "DISABLE" "0sC
PC | SELECT”
12 WATCHDOG A
| / = TIMER “CODE
PROTECT" OSCILLATOR/
INSTRUCTION l TIMING &
REGISTER CONTROL
9 WDT TIME WDT/TMRO CLKOUT |
4’ 12 OUT =— PRESCALER
“SLEEP”
INSTRUCTION
DECODER
OPTION REG.|<— “OPTION
| DIRECT ADDRESS
DIRECT RAM
ADDRESS FROM W _ [ GENERAL
~ 5 | PURPOSE
- REGISTER
A8 ! 57 FILE
> (SRAM)
g STATUS 24-72 Bytes
f:“;' [ TMRO | FSR
] \ A 8
v DATABUS
| |W ALU A - y
FROMW # FROM W
“TRIS 5" “TRIS 6"
—_—
RA3:RA0 RB7:RBO RC7:RCO
(28-Pin
Devices Only)
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TABLE 3-1:  PIC16C54A/C58A/CR58A PINOUT DESCRIPTION

Name DIP, SOIC | SSOP | I/O/P | Buffer Descrition
No. No. | Type| Type P

RAO 17 19 /O | TTL |Bi-directional I/O port

RA1 18 20 /0 | TTL

RA2 1 1 /o | TTL

RA3 2 2 /o | TTL

RBO 6 7 /0 | TTL |Bi-directional I/O port

RB1 7 8 110 TTL

RB2 8 9 /o | TTL

RB3 9 10 /0 | TTL

RB4 10 11 /0 | TTL

RB5 11 12 /o | TTL

RB6 12 13 o | TTL

RB7 13 14 /0 | TTL

TOCKI 3 3 | ST | Clock input to TMRO timer. Must be tied to Vss or VDD, if not
in use, to reduce current consumption.

MCLR/VPP 4 4 1 ST | Master clear (reset) input/programming voltage input. This
pin is an active low reset to the device. Voltage on the
MCLR/VPP pin must not exceed VDD to avoid unintended
entering of test modes.

OSC1/CLKIN 16 18 | ST | Oscillator crystal input/extemal clock source input.

0OSC2/CLKOUT 15 17 (o) — | Oscillator crystal output. Connects to crystal or resonator
in crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denotes the instruction cycle rate.

VoD 14 15,16 | P — | Positive supply for logic and 1/O pins.

Vss 5 5,6 P — | Ground reference for logic and I/O pins.

Legend: | = Input only; O = Output only; I/O = Input/Output; P = Power; — = Not Used; TTL = TTL input;
ST = Schmitt Trigger input.

© 1995 Microchip Technology Inc. DS30236A-page 2-103



Enhanced PIC16C5X

TABLE 3-2:  PIC16CR57A PINOUT DESCRIPTION

DIP, SOIC | SSOP | /O/P | Buffer N
Name No. No. |Type| Type Description

RAO 6 5 /0 | TTL [Bi-directional I/O port

RA1 7 6 /0 | TTL

RA2 8 7 /0 | TTL

RA3 9 8 110 | TTL

RBO 10 9 /0 | TTL |Bi-directional I/O port

RB1 11 10 /0 | TTL

RB2 12 1 /o | TTL

RB3 13 12 110 | TTL

RB4 14 13 /O | TTL

RB5 15 15 110 | TTL

RB6 16 16 110 | TTL

RB7 17 17 110 | TTL

RCO 18 18 /O | TTL |Bi-directional /O port

RC1 19 | 19 /O | TTL

RC2 20 20 110 | TTL

RC3 21 21 /0 | TTL

RC4 22 22 110 | TTL

RC5 23 23 /O | TTL

RC6 24 24 /0 | TTL

RC7 25 25 /0 | TTL

TOCKI 1 2 | ST | Clock input to TMRO register. Must be tied to Vss or VDD if
not in use to reduce current consumption.

MCLR 28 28 | ST |Master clear (reset) input. This pin is an active low reset to
the device. Voltage on the MCLR pin must not exceed VbD
to avoid unintended entering of test modes.

OSC1/CLKIN 27 27 | ST | Oscillator crystal input/external clock source input.

0OSC2/CLKOUT 26 26 (0] — | Oscillator crystal output. Connects to crystal or resonator
in crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denotes the instruction cycle rate.

VDD 2 3,4 P — | Positive supply for logic and I/O pins.

Vss 4 1,14 P — | Ground reference for logic and |/O pins.

N/C 3,5 — — — | Unused, do not connect

Legend: | = Input only; O = Output only; /O = Input/Output; P = Power; — = Not Used; TTL = TTL input;
ST = Schmitt Trigger input.
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3.1 locking Scheme/Instruction Cycle

The clock input (from the OSC1/CLKIN pin) is internally
divided by four to generate four non-overlapping
quadrature clocks namely Q1, Q2, Q3 and Q4. Inter-
nally, the program counter is incremented every Q1,
and the instruction is fetched from program memory
and latched into instruction register in Q4. It is decoded
and executed during the following Q1 through Q4. The
clocks and instruction execution flow is shown in
Figure 3-2 and Example 3-1.

3.2 Instruction Flow/Pipelining

An “Instruction Cycle” consists of four Q cycles (Q1,
Q2, Q3 and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g.GOTO) then
two cycles are required to complete the instruction (see
Example 3-1).

A fefch cycle begins with the program counter (PC)
incrementing in Q1.

In the execution cycle, the fetched instruction is latched
into the “Instruction Register” in cycle Q1. This instruc-
tion is then decoded and executed during the Q2, Q3,
and Q4 cycles. Data memory is read during Q2 (oper-
and read) and written during Q4 (destination write).

FIGURE 3-2: CLOCK/INSTRUCTION CYCLE
Q1 | Q2| Q@ | Q Q1 | Q| Q| Q1 Q| Q|Q| Q4
(o503 ]
Qly— —\ \ |
Q2! T\ } / \ | T\ | { Internal
as | —\ : e Y ([ S
o) 1 A _—
PC PC X PC+1 X PC42
0OSC2/CLKOUT k ___/—‘k___/’_‘_—(__/'——_‘l
! Fetch INST (PC) ] I
1 Execute INST (PC-1) Fetch INST (PC+1) 1 |
r Execute INST (PC) ! Fetch INST fPC+2
i | L “Execute +
EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW
1. MOVLW 55h f Execute 1
2. MOVWF PORTB Fetch 2 Execute 2
3. CALL  SUB_L Fetch 3 Execute 3
4. BSF PORTA, BIT3 Fotch 4 Fiush
Fetch SUB_1
All instructions are single cycle, except for any program branches. These take two cycles since the fetch
instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed.
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NOTES:
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4.0 MEMORY ORGANIZATION

41 Program Memory Organization

Up to 512 words of 12-bit wide on-chip program mem-
ory (EPROM/ROM) can be directly addressed. Larger
program memories can be addressed by selecting one
of up to four available pages of 512 words each
(Figure 4-1). Sequencing of instructions is controlled
via the Program Counter (PC) which automatically
increments tc execute in-line programs. Program con-
trol operations supporting direct, indirect, and relative
addressing modes, can be performed by bit test, skip,
call, and jump type 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.

4.2 Data Memory Organization

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 (ALU). 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). Data can
be addressed directly, or indirectly using the File Select
Register (FSR). Immediate data addressing is sup-
ported by special “literal” instructions which load data
from program memory into the W register.

The register file is divided into two functional groups:
Special Function registers and General Purpose regis-
ters. The special function registers include the Timer0
(TMRO) register, the Program Counter (PC), the Status
Register, the 1/O registers (ports), and the File Select
Register (FSR). The general purpose registers are
used for data and control information under command
of the instructions.

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

421 GENERAL PURPOSE REGISTER FILE

The register file is accessed either directly or indirectly
through the file select register FSR (Section 4.5).

422  SPECIAL FUNCTION REGISTERS:

The Special Function Registers are registers used by
the CPU and peripheral functions to control the opera-
tion of the device (Table 4-1).

The special registers can be classified into two sets.
The special registers associated with the “core” func-
tions are described in this section. Those related to the
operation of the peripheral features are described in the
section for each peripheral feature.

© 1995 Microchip Technology Inc.
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FIGURE 4-1: PROGRAM MEMORY ORGANIZATION

y A A

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

GOTO DIRECT FROM INSTRUCTION WORD

CALL INST WITH PC AS DESTINATION (ALWAYS '0")
GOTO, CALL
INST WITH PC AS DESTINATION .....cevveurimnnnraennne

A

LA10 A9lA8 [A<7~.0> |

. FROM PA1 (STATUS<6>) (Note 1)
.. FROM PAO (STATUS<55) (Note 1)

RETLW, CALL

9-11 Bit

00

PAGE 0

000

OFF

1FF

1 STACKLEVEL 1

STACK LEVEL 2

MAX. EPROM ADDRESS FOR:

01

PAGE 1

200

2FF
300

3FF

10

PAGE 2

400

4FF
500

5FF

PAGE 3

600

6FF
700

7FF

PIC16C54A

PIC16C58A/CR58A

PIC16CR57A

Note 1: PIC16CR57A and PIC16C58A/CR58A only.

DIRECT FROM INSTRUCTION WORD
FROMALU
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FIGURE 4-2: DATA MEMORY MAP

File
Address 76543210
00 INDF () CALL
o1 TMRO Rerw 10987 6543210 109876543210
02 [A10[A9] A8 PCL -] STACK 1 ] STACK 2 ]
03 STATUS
04 FSR - 76543210
05 PORTA TRISA
g‘; ng?ge,_) [ TRISB | 5483210
08 { [ TRISC [ opTioN |
09 — General — A
oA I To and from )
I register file
0B Purpose viaALU
oc | — Register — W ]
ob T
gE —— File From Program Memory
Bit 6, 5 of FSR: Bank Select
(PIC16CRS7A, C58A, CR58A Only)

‘oo ¢o1 ‘10 ¢11

10 30 50 70

General

Purpose General Purpose
17 Register Register File

18 File 1 5
19|  (AlTypes) (PIC16CRS57A, C58A, CR58A Only)

1E | (Bank0) (***) (Bank 1) (***) (Bank 2) (***) (Bank 3) (***)
1F 3F 5F 7F

*) Not a physically implemented register. See Section 4.5 for details.
™ File address 7h is a general purpose register on the PIC16C54A, and PIC16C58A/CR58A.

(***) Bank 0 is available on all microcontrollers while Bank 1, Bank 2, and Bank 3 are only available on the
PIC16CR57A, C58A, CR58A. (Section 4.5).
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TABLE 4-1: PIC16C5X REGISTER FILE SUMMARY
Value on Value on

Address | Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Power-On and
Reset WDT resets
ooh | INDF Uses contents of FSR to address data memory (not a physical register) | ——-— —oom | o oo
oth TMRO 8-bit real-time clock/counter XXXX XXXX | uuuu uuuu
o2h | PCL Low order 8 bits of PC ) 1111 1111 | 1111 1111
osh | STATUS PA1 ppo | TO [ PO | z | e c 0001 1xxx | 0007 ?uuu
04h | FSR Indrect data memory address pointer O : XXXX XXXX | uuuu uuuu
osh | PORTA i RA3 RA2 RAT RAO | ---- xxxx [ ---- uuuu
06h PORTB RB3 RB2 RB1 RBO XXXX XXXX | uuuu uuuu
07h PORTC 2 RC7 RCé RC5 RC4 RC3 RC2 RC1 RCO XXXX XXXX | uuuu uuuu

Legend: x =unknown, u = unchanged. - = unimplemented, read as '0'.

Note 1:

PA1:PAQ (STATUS<6:55).

2: File address 7h is a general purpose register on the PIC16C54A and PIC16C58A/CR58A.
3: Shading indicates unimplemented bits.

The upper byte of the program counter is not directly accessible. The upper bits can be set or cleared by writing to
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4.3 STATUS Register

This register contains the arithmetic status of the ALU,
the RESET status, and the page preselect bits for pro-
gram memories larger than 512 words.

As with any other register, the STATUS register can be
the destination for any instruction. However, the
STATUS bits are set after the following write.
Furthermore, the TO and PD bits are not writable.
Therefore, the result of an instruction with the STATUS
reqister as destination may be different than intended.

FIGURE 4-3: STATUS REGISTER

For example, CLRF STATUS will clear all bits, except
for TO and PD, and then set the Z bit which leaves the
STATUS register as 000u  ul00 (where u
unchanged).

Therefore, only BCF, BSF and MOVWF instructions
should be used to alter the STATUS registers because
these instructions do not affect any STATUS bit.

For the instructions that affect STATUS bits, see the
“Instruction Set Summary” (Table 8-2).

RW RW RW R R RW RW RW
[ose [ow [oo] 70 [ 0] 2 [ o0 ] c |

n/

bit7

Register: STATUS (W:  Writable
Address: 03h R:  Readable
. POR value: 0001 1xxx|U:  Unimplemented,
bitd | 75, PD are uniquely set/cleared read as '0'

C: Carry/borrow bit

For ADDWF and ADDLW instructions.

1= A carry-out from the most significant bit of the result occurred
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.

0= No carry-out from the most significant bit of the resuit

Note: For borrow the polarity is reversed.

DC: Digit carry/borrow bit

For ApDDWF and ADDLW instructions.

1= A carry-out from the 4th low order bit of the result occurred
0= No carry-out from the 4th low order bit of the result

Note: For borrow the polarity is reversed.

Z: Zero bit
1= The result of an arithmetic or logic operation is zero

0= The result of an arithmetic or logic operation is not zero
PD: Power down bit
1= After power-up or by a CLRWDT instruction
0= By execution of the SLEEP instruction

: Time-out bit
1= After power-up and by the CLRWDT and SLEEP instruction
0= A watchdog timer time-out has occurred

PA1:PAO: Program Page Pre-select bits
(PIC16CR57A and PIC16C58A/CR58A only)
00 = Page 0 (000 - 1FF)
01 = Page 1 (200 - 3FF)
10 = Page 2 (400 - 5FF)
11 = Page 3 (600 - 7FF)

Each page is 512 words.

Using the PA1:PAQ bits as general purpose read/write bits in the
PIC16C54A is not recommended, since this may affect upward compatibility
with future products.

PA2: This bit is unimplemented at this time
Use of the PA2 bit as a general purpose read/write bit is not recommended,
since this may affect upward compatibility with future products.

© 1995 Microchip Technology Inc.
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4.4 OPTION Register

The OPTION register is a 6-bit wide, write only register
which contains various control bits to configure the
TMRO/WDT prescaler, the extemal INT interrupt, and
TMRO.

By executing the OPTION instruction, the contents of
the W register will be transferred to the OPTION regis-
ter. A RESET sets the OPTION register to all '1's.

FIGURE 4-4: OPTION REGISTER

¢ Wow W W W W Register: OPTION | W:  Writeonly
I —I —_ , TOCS] TOSE| PSA| PSZI PS1| Pstﬂ Address: N/A u: Unimplemented,
bit7 bito POR value: FFh read as '0'
L PRESCALER VALUE
PS2:PSO ps2 Psi PSo TMRO RATE | WDT RATE
[0} o] 0 1:2 1:1
[o] 0 1 1:4 1:2
0 1 (o] 1:8 1:4
0 1 1 1:16 1:8
1 0 o] 1:32 1:16
1 0 1 1:64 1:32
1 1 0 1: 128 1:64
1 1 1 1: 256 1:128
PSA: P ler assignment bit

1 = Prescaler assigned to the WDT
0 = Prescaler assigned to TMRO

TOSE: TMRO source edge select bit

1 = Increment on high-to-low transition on the TOCKI pin
0 = Increment on low-to-high transition on the TOCKI pin

TOCS: TMRO clock source select bit

1 = Transition on the TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)

Unimplemented: Read as '0'

DS30236A-page 2-112 © 1995 Microchip Technology Inc.



Enhanced PIC16C5X

4.5 Indirect Data Addressing, INDF and

FSR Registers

The INDF register is not a physical register and is used
in conjunction with the FSR register to perform indirect
addressing.

Indirect addressing is possible by using the INDF regis-
ter. Any instruction using the INDF register actually
accesses data pointed to by the File Select Register
(FSR). Reading INDF itself (i.e. FSR = 0) indirectly will
produce 00h. Writing to the INDF register indirectly
results in a no-operation (although STATUS bits may be
affected).

A simple program to clear RAM location 20h-2Fh using
indirect addressing is shown in Example 4-1.

451  FILE SELECT REGISTER (FSR)

The FSR is either a 5-bit (PIC16C54A) or 7-bit
(PIC16C57A/C58A/CR58A) wide register. It is used in
conjunction with the INDF register to indirectly address
the data memory area. The FSR<4:0> bits are the
pointer for data memory addresses 00h to 1Fh.
FSR<4> toggles between the 16 lower (00h-OFh) and
16 upper (10h-1Fh) register files. When clear, FSR<4>
points to the lower 16 register files and, when set,
points to the upper 16 files. FSR<3:0> provide the
value to address the specific register file within each 16
file area.

When not performing indirect addressing, the FSR can
be used as a 5-bit (FSR<4:0>) wide general purpose
register. However, this is not recommended to help

EXAMPLE 4-1: INDIRECT ADDRESSING ensure future upward code compatibility.
movlw  0x10 ; Initialize pointer PIC16C54A: Does not use banking. FSR<7:5> are
movwf  FSR ; to RAM unimplemented and read as 1's.
Next clrf  INDF ; Clear loc PIC16C57A/C58A/CR58A: FSR<6:5> are the bank
incf FSR ; increment pntr .
btfsc FSR,4 ; All done? select bits and are used to select the bank to be
goto  Next  No. clear next addressed (00 = bank 0, 01 = bank 1, 10 = bank 2,
i’ Lo;ation 11 = bank 3). The lower 16 register files for banks 1, 2
! and 3 are mapped to bank 0, and are not accessible. In
other words, the FSR<6:5> bits are ignored if FSR<4>
is clear (= 0). FSR<7> is unimplemented and is always
read as '1".
FIGURE 4-5: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1:PRO 5 fromopcode 4 6 FSR 0
bank select  location select l bank select location select
- » 00 01 10 11 -~
00 - ) T r X
L g : i »
‘Reads/Wiites to thesd locations.
,wilvv!vaccesF addressesl 00-0F " .
Data oF - _
Memory -
1F 3F 5F 7F
Bank 0 Bank 1 Bank 2 Bank 3
Note 1: For register memory map detail Figure 4-2.
2: RP1 and RPO are FSR<6> and FSR<5>, respectively.
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4.6 Program nter

The program counter generates the addresses for up to
2048 x 12 on-chip EPROM/ROM cells containing the
program instruction words (Figure 4-1). i

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

TABLE 4-2: PROGRAM COUNTER STACK
WIDTH .

Part # PC width | Stack width
PIC16C54A 9-bit 9-bit
PIC16CR57A 11-bit 11-bit
PIC16C58A/CR58A 11-bit 11-bit

The program counter is set to all '1's upon RESET. Dur-
ing 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>). In
the case where the program memory is greater
than 512 bytes, the upper two bits of PC
(PC<10:9>) are loaded with page select bits
PA1:PAO (STATUS<6:5>). Thus, GOTO allows
jumps to any location on any page.

b) caALL 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 cases where the program
memory is greater than 512 bytes, the upper
2-bits of PC (PC<10:9>) are loaded with page
select bits PA1:PAQ (STATUS<6:5>).

¢) RETLW instructions load the PC with the Top of
Stack (TOS) contents.

d) If the 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 will be cleared. In case where the pro-
gram memory is greater than 512 bytes,
PC<10:9> will be loaded with Page Select bits
PA1, PAO (STATUS<6:55>).

It should be noted that because bit8 (ninth bit) of the PC
is cleared in the 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 loca-
tions of any program memory page (512 words long).

Incrementing the PC 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 next
higher page. However, the page preselect bits in the
STATUS register will not be changed, and the next
GOTO, CALL, ADDWF PC, or MOVWF PC instruction will
return to the previous page, unless the page preselect
bits have been updated under program control. For
example, an NOP at location 1FFh (page 0) increments

the PC to 200h (page 1). A GOTO xxx at 200h will
return the program to address “xxx” on page O
(assuming that PA1 and PAO are clear).

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

4.7 W (Working) Register

The W register holds the second operand in two oper-
and instructions and/or supports the internal data trans-
fer.

TABLE 4-3:  EVENTS AFFECTING TO/PD
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

AWDT timeout will occur regardless of the status of the
TO bit. A SLEEP instruction will be executed, regard-
less of the status of the PD bit. Table 4-4 reflects the
status of TO and PD after the corresponding event.

471  TIME-OUT AND POWER-DOWN STATUS
BITS (TO, PD)

The TO and PD (STATUS<4:3>) can be tested to deter-
mine 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 Timer or MCLR
/VPP pin.

These STATUS bits are only affected by events listed in
Table 4-3.

TO/PD STATUS AFTER
RESET

RESET was caused by
WDT wake-up from SLEEP
WDT time-out (not during SLEEP)
MCLR wake-up from SLEEP
Power-up
= Low pulse on MCLR input

TABLE 4-4:

TO | PD

0
0
1
1
u

e = lOo ||k JOo

The TO and PD bits maintain their status (u) until an
event of Table 4-3 occurs. A low-pulse on the MCLR
input does not change the TO and PD status bits.
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5.0 /O PORTS

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

5.1 PORTA

PORTA is a 4-bit I/O register. Only the low order 4-bits
are used (RA3:RAO0). Bits 7:4 are unimplemented and
read as 'O's.

5.2 PORTB

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

53 PORTC

PIC16CR57A: 8-bit I/O register.
PIC16C54A/C58A/CR58A: General purpose register.
5.4 TRIS Registers

The output driver control registers are loaded with the
content of the W register by executing the TRIS £
instruction. A '1" in any TRIS register bit puts the corre-
sponding output driver in a hi-impedance mode. A '0'
puts the contents of the output data latch on the
selected pins.

A'read of the ports reads the pins, not the
output data latches, i.e., if an output driver
_ onapinis enabled and driven high, but the
_external system is holding it low, a read of
the port will indicate that the pin is low.
The TRIS registers are “write-only” and are setto all ‘1's
(output drivers disabled) upon RESET.

55 VO Interfacin

The equivalent circuit for an I/O port pin is shown in
Figure 5-1. 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 corre-
sponding direction control bit (in TRISA, TRISB,
TRISC) must be cleared (= '0'). For use as an input, the
corresponding TRIS bit must be set (= ‘1'). Any I/O pin
can be programmed individually as input or output.

FIGURE 5-1: EQUIVALENT CIRCUIT FOR A SINGLE I/O PIN

From
—D Q
%?}: Output
Data
Latch

Write ——{ CK Q

Vobp

1/0 Pin

Note: I/0 pins have protection diodes to VbD and Vss.

To Data Bus |
Read
From ol Q
W Register 110
Control
Latch
TRIST —|CK  Q [~
Set
? Vss
Reset
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5.6 Vo

BI-DIRECTIONAL I/0 PORTS

rogramming Considerations

5.6.1

Some instructions operate internally 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 writes the result to the location speci-
fied. Caution must be used when these instructions are
applied to a port where one or more pins are used as
input/outputs. For example, a BSF operation on bit5 of
PORTB will cause all eight bits of PORTB to be read
into the CPU. Then the BSF operation takes place on
bits and the PORTB value is written to the output
latches. If another bit of PORTB is used as a bi-direc-
tional I/O pin (say bit0) 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 rewritten 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 bit0 is switched into output mode
later on, the contents of the data latch may now be
unknown.

Example 5-1 shows the effect of two sequential read-
modify-write instructions (e.g., BCF, BSF) on an /O
port.

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.

EXAMPLE 5-1: READ-MODIFY-WRITE
INSTRUCTIONS ON AN I/O
PORT

;Initial PORT Settings

; PORTB<7:4> Inputs

H PORTB<3:0> Outputs

; PORTB<7:6> have external pull-ups and are not
; connected to other circuitry

;

H PORT latch PORT pins
BCF PORTB, 7 ; Olpp pppp 1lpp PpPPPP
BCF PORTB, 6 ; 10pp pppp 1lpp pppPP
BSF STATUS,RP0O ;

MOVLW 03Fh H
TRIS PORTB i 10pp pppp  10pp pppP

:Note that the user may have expected the pin
;values to be 00pp pppp. The 2nd BCF caused
;RB7 to be latched as the pin value (High).

5.6.2 SUCCESSIVE OPERATIONS ON I/0

PORTS

The actual write to an I/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 5-2). Therefore, care must be exercised if a
write followed by a read operation is carried out on the
same |/O port. The sequence of instructions should
allow 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 an NOP or another instruction not
accessing this I/O port.

FIGURE 5-2: SUCCESSIVE /0 OPERATION
, Q1] Q2| Q3| Q4; Q1| Q2| Q3] Q4; Q1] Q2| Q3] Q4; Q1] Q2| Q3| Q4; Note:
: PC '5( PC+1 :X « PC+2 :X PC+3 : This example shows a write to PORTB
Instruction * ' N v v i followed by a read from PORTB.
tetched ' MOVWF PORTB 'MOVF PORTBW '« NoP ‘ NoP | Nowmat
! write to ! v ' ' o N
. PORTB | o ! D] et Cinenicion cyde.
RB7:RBO, , N . ! TPD = propagation delay A
h v d . . Therefore, at higher clock frequencies,
' f ' ' ' a write followed by a read may be problematic.
) . ' *Pon pin ' .
' ' +  .sampled here: '
Instruction ' ' ' '
« MOVWF PORTB 'MOVF PORTBW . ' '
executed | T iteto |+ © NoP NOP
. PORTB . : : :
' . . ) '
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6.0 TIMERO (TMRO) MODULE

The TMRO module has the following features:

¢ 8-bit timer/counter

¢ Readable and writable

* 8-bit software programmable prescaler
« Internal or external clock select

¢ Edge select for external clock

Figure 6-1 is a simplified block diagram of the TMRO
module, while Figure 6-2 shows the electrical structure
of the TMRO input.

Timer mode is selected by clearing the TOCS bit
(OPTION<5>). In timer mode, the TMRO module will
increment every instruction cycle (without prescaler). If
TMRO is written, increment is inhibited for the following
two cycles (Figure 6-3 and Figure 6-4). The user can
work around this by writing an adjusted value to the
TMRO module.

Counter mode is selected by setting the TOCS bit
(OPTION<5>). In this mode TMRO will increment either
on every rising or falling edge of pin TOCKI. The incre-
menting edge is determined by the TO source edge

FIGURE 6-1: TMRO BLOCK DIAGRAM

select bit TOSE (OPTION<4>). Clearing the TOSE bit
selects the rising edge. Restrictions on the external
clock input are discussed in detail in Section 6.1.

The prescaler is shared between the TMRO module
and the WDT. The prescaler assignment is controlled
in software by control bit PSA (OPTION<3>). Setting
the PSA bit will assign the prescaler to the WDT and
cause the prescale for TMRO to be 1:1. Clearing the
PSA bit will assign the prescaler to TMRO. The pres-
caler is neither readable nor writable. When the pres-
caler is assigned to the TMRO module, prescale values
of 1:2, 1:4, ..., 1:256 are selectabie. Section 6.2 details
the operation of the prescaler.

ToCKI Fosc/4

Data bus

pin
; 1

TOSE

Prescaler

TOCS

Programmable

PS2, PS1, PSO

Note 1: Bits TOCS, TOSE, PSA, PS2, PS1 and PSO0 are located in the OPTION register.
2: The prescaler is shared with the Watchdog Timer (Figure 6-6).

1 8
Sync with

Internal TMRO
clocks

PSout

(2 cycle delay)

PSA

FIGURE 6-2: ELECTRICAL STRUCTURE OF THE TOCKI PIN

TOCKI

Vss Vss

RiN

Schmitt Trigger
N Input Buﬂegg
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6.1 Using TMRO with External Clock

When an extemnal clock input is used for TMRO, it must
meet certain requirements to be able to synchronize
with the internal phase clock (Tosc). Also, there is a
delay in the actual incrementing of TMRO after synchro-
nization.

6.1.1  EXTERNAL CLOCK SYNCHRONIZATION

When no prescaler is used, the extemal clock input is
the same as the prescaler output. ~Synchronizing
TOCKI with the internal phase clocks requires sampling
the prescaler output on the Q2 and Q4 cycles of the
intemal phase clocks (see Figure 6-5). Therefore, it is
necessary for TOCKI to be high for at least 2 Tosc (plus
a small RC delay) and low for at least 2 Tosc (plus a
small RC delay). Refer to the appropriate electrical
specification table.

When a prescaler is used, the external clock input is
divided by the asynchronous ripple-counter type pres-
caler to ensure that the prescaler output is symmetrical.
For the external clock to meet the sampling require-
ment, the ripple counter must be taken into account.
Therefore, it is necessary for TOCKI to have a period of
at least 4 Tosc (plus a small RC delay) divided by the
prescaler value. The only limitation on TOCKI high and
low time is that they are greater than the minimum
pulse width requirement of 10 ns. Referto parameters
40, 41 and 42 in the appropriate electrical specification
section.

6.1.2 TMRO INCREMENT DELAY

Since the prescaler output is synchronized with the
intemal clocks, there is a small delay from the time the
external clock edge occurs to the time the TMRO mod-
ule is actually incremented. Figure 6-5 shows the
delay from the external clock edge to the timer incre-
menting.

6.2 Prescaler

An 8-bit counter is available as a prescaler for the
TMRO module, or as a post-scaler for the Watchdog
Timer (Section 6.2.1).. For simplicity, this counter is
being referred to as “prescaler” throughout this data
sheet. Note that there is only one prescaler available
which is mutually exclusive between the TMRO module
and the Watchdog Timer. Thus, a prescaler assign-
ment for the TMRO module means that there is no pres-
caler for the Watchdog Timer, and vice-versa.

The PSA and PS2:PS0 bits (OPTION<3:0>) determine
the prescaler assignment and prescale ratio.

When assigned to the TMRO module, all instructions
writing to the TMRO module (e.g. CLRF 1, MOVWF 1,
BSF 1,x ...etc.) will clear the prescaler. When
assigned to the WDT, a CLRWDT instruction will clear
the prescaler along with the WDT. The prescaler is nei-
ther readable or writable. On a reset, the prescaler
contains all '0's.

FIGURE 6-3: TMROTIMING: INTERNAL CLOCK/NO PRESCALE
= : Q1] Q2| Q3| Q4; Q1] Q2| Q3| Q4; Q1] Q2| Q3| Q4. Q1| Q2| Q3| Q4 Q1] Q2| Q3| Q4, Q1] Q2| Q3 Q4; Q1| Q2| Q3 Q4; Q1] Q2| Q3 Q4;
&ol'gg{ea:}'\ ‘( PC-T ‘l PCT i PU+ST ‘I PU+2 'l PU+3 IX PU+4 k PU+5 i PU+5 )I
Instryction X MOVWF TMROMOVF TMRO, WMOVF TMRO, WMOVF TMRO,WMOVF TMRO, WMOVF TMRO,W X
etcl . ' ' ' ' ' ' . .
TMRO 10 X T0+1 X T0+2 X _NIO X _NTQ X__NTO X+ _NTO+1 X:_N]:Qﬁ_)q
Instruction + : : : : ad TMRO' Read TMRO ' ' Read TMRO ! " Read TMRO ' Read TMRO -
Executed ' grétceu{MRO ) rest NTO ' reads NTO re?;{s NTO * reads NTO + 1 reads NTO + 2
FIGURE 6-4: TMROTIMING: INTERNAL CLOCK/PRESCALE 1:2
S Q1| Q2| Q3 Q4, Q1] Q2| Q3 Q4, Q1] Q2| Q3 Q4, Q1] Q2| Q3 Q4, Q1] Q2| Q3 Q4,Q1] Q2| Q3 Q4, Q1] Q2| Q3 Q4, Q1| Q2| Q3 Q4,
&Orgl’gl{gg‘ y PU-T 'l P IX PU+T i PU+Z Il PU+3 IX PU+4 '0 PC+5 i PU+6

Instruction
Fetch

MOVWF TMROMOVF TMRO, WMOVF TMRo, WMOVF TMRO,WMOVF TMRO, WMOVF TMRO,W

)]
'
'
'
'
'

(
'
'
'

TMRO N o N S _TOET X7 T NTQ NTOFT (T
Instruction . . Write TMRO | Read TMRO Read TMno Read TMRO | Read TMRO | Read TMRO
Execute executed reads NTO reads NTO reads NTO reads NTO reads NTO + 1

T D 6
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FIGURE 6-5: TMRO TIMING WITH EXTERNAL CLOCK

Q1l Q21 Q31 Q4 | Q1] Q2] Q31 Q4 | Q1] Q2] Q3| Q4 | Q1] Q2] Q3] Q4
External Clock input or Sr.nall pulse| !
Prescaler out (Note 2) RARNAN / T /\_misses sampling
External Clock/Prescaler 1 N——A ! 1 (Note S)f l
output after sampling —
Increment TMRO (Q4) I
TMRO X TO+ 1 X T0 +2

Note 1: Delay from clock input change to TMRO increment is 3 Tosc to 7 Tosc. (Duration of Q = Tosc).
Therefore, the error in measuring the interval between two edges on TMRO input = + 4 Tosc max.
2: External clock if no prescaler selected, Prescaler output otherwise.
3: The arrows T indicate the points in time where sampling occurs.

FIGURE 6-6: BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER

Ty (= Fosc/4) Data Bus
¥ 8
of M 1 /I/
TOCKI % M SYNC
pin D—1 ol U > 2 »  TMRO
X Cycles
TOSE t *
TOCS
PSA

0 8-bit Prescaler

Watchdog 1
timer

xXcZ

8

T PSA

WDT Enable bit 0

O—

MUX —— PSA

Y

WDT
Time-out

Note: TOCS, TOSE, PSA, PS2:PS0 are bits OPTION<6:0>.
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6.2.1  SWITCHING PRESCALER ASSIGNMENT EXAMPLE 6-2:

The prescaler assignment is fully under software con-

CLRWDT
trol, i.e., it can be changed “on the fly” during program

CHANGING PRESCALER
(WDT—-TMRO)

execution. To avoid an unintended device RESET, the MOVLW | xxxx0xxx 'b

following instruction sequence (Example 6-1) must be
executed when changing the prescaler from TMRO to
WDT. OPTION

EXAMPLE 6-1: CHANGING PRESCALER
(TMRO—WDT)
CLRF TMRO ;Clear TMRO
CLRWDT ;Clears WDT and
;prescaler
MOVLW ‘'xxxxlxxx'b ;Select new prescale
OPTION ;value

To change the prescaler from the WDT to the TMRO
module use the sequence shown in Example 6-2. This
sequence must be used even if the WDT is disabled.

Note that a CLRWDT instruction should be executed
before switching the prescaler.

TABLE 6-1: SUMMARY OF TMRO REGISTERS

;Clear WDT and
;prescaler

;Select TMRO, new
;prescale value and

;clock source

Register Name Function

Address

Power-On Reset
Value

TMRO Timer/counter register

01h

XXXX XXXX

OPTION Configuration and prescaler assignment bits for TMRO.
(Figure 4-4)

N/A

--11 1111

Legend: x = unknown, - = unimplemented, reads a '0'.

Note 1: For reset values of registers in other reset situations refer to Table 4-1.

TABLE 6-2: REGISTERS ASSOCIATED WITH TMRO

Bit2 | Bit1 | BitoO

Address | Name Bit7 | Bite | Bt5 | Bit4a | Bit3

01 TMRO ime clock counter

N/A | OPTION Tocs | TosE | PsA

Legend: — = Unimplemented locations, Read as'0'.
Note 1: Shaded cells are not used by the TMRO module.
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7.0 SPECIAL FEATURES OF THE
CPU

What sets a microcontroller apart from other proces-
sors are special circuits to deal with the needs of real
time applications. The PIC16C5X family of microcon-
trollers has a host of such features intended to maxi-
mize system reliability, minimize cost through
elimination of external components, provide power sav-
ing operating modes and offer code protection. These
features are:

e OSC selection

* Reset

¢ Power-On Reset (POR)

¢ Device Reset Timer (DRT)

¢ Watchdog Timer (WDT)

e SLEEP

¢ Code protection

¢ ID locations

The PIC16C5X has a watchdog timer which can be
shut off only through configuration bit WDTE. It runs off
of its own RC oscillator for added reliability. There is an
18 ms Device Reset Timer (DRT), intended to keep the
chip in reset until the crystal oscillator is stable. With

the timer on-chip, most applications need no external
reset circuitry.

The SLEEP mode is designed to offer a very low cur-
rent power-down mode. The user can wake from
SLEEP through extemal resets or through a WDT
time-out. Several oscillator options are also available
to allow the part to fit the application. The RC oscillator
option saves system cost while the LP crystal option
saves power. A set of configuration Dbits
(FOSC1:FOSCO) are used to select various options.

74 Configuration Bits

The configuration word consists of 4 or 12 bits depend-
ing on the device configuration. Configuration bits can
be programmed to select various device configurations.
Two provide for the selection of the oscillator type
(FOSC1:FOSCO), one is the Watchdog Timer enable
bit (WDTE), and one is the code protection bit (CP).

FIGURE 7-1: CONFIGURATION WORD FOR THE PIC16C54A/PIC16CR57A/PIC16C58A

Register: CONFIG | For specifics refer to the PIC16C5X

Programming Specification

(SIS T=T= = T=T=T =T o [wore] rosci[roscd

bit11

bit0

FOSC1:FOSCO0: OSC selection bit

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

WDTE: WDT enable bit

1= WDT enabled
0= WDT disabled

CP: Code Protect bit
1 = Code Protect Off
0 = Code Protect On

Unimplemented
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FIGURE 7-2: CONFIGURATION WORD FOR THE PIC16CR58A

Register: CONFIG

For specifics refer to the PIC16C5X
Programming Specification

|cp|cp|cp|cp|cp|cp|cp| cp| cp | wore] Fosc1 Foscdl

bit11

bito

FOSC1:FOSCO: OSC selection bits

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

WDTE: WDT enable bit
1= WDT enabled
0= WDT disabled

Note 1: All bits must be cleared to enable code protect.

CP: Code Protect bit (Note 1)
1= Code Protect Off
0= Code Protect On
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7.2 Oscillator Configurations
721 OSCILLATOR TYPES

The PIC16C5X can be operated in four different oscil-
lator modes. The user can program two configuration
bits (FOSC1:FOSCO0) to select one of these four
modes:

e LP: Low Power Crystal

e XT: Crystal/Resonator

e HS: High Speed Crystal/Resonator

« RC: Resistor/Capacitor

722 CRYSTAL OSCILLATOR/ CERAMIC

RESONATORS

In XT, LP or HS modes a crystal or ceramic resonator
is connected to the OSC1/CLKIN and OSC2/CLKOUT
pins to establish oscillation (Figure 7-3).  The
PIC16C5X oscillator design requires the use of a paral-
lel cut crystal. Use of a series cut crystal may give a fre-
quency out of the crystal manufacturers specifications.
When in XT, LP or HS modes, the device can have an
external clock source drive the OSC1/CLKIN pin.
(Figure 7-4).

FIGURE 7-3: CRYSTAL /CERAMIC
RESONATOR OPERATION
(HS, XTORLP OSC

CONFIGURATION)

0OsCt

PIC16C5X

SLEEP

To internal
logic

[

Cc2 Note1

See Table 7-1 and Table 7-2 for recommended val-
ues of C1 and C2.

Note 1: A series resistor may be required for AT
strip cut crystals.

FIGURE 7-4: EXTERNAL CLOCK INPUT

OPERATION (HS, XT OR LP
0SC MODE)

Clock from _Do—> osc1
ext. system PIC16C5X

Open «—— OSC2

TABLE 7-1: CAPACITOR SELECTION
FOR CERAMIC RESONATORS
Osc | Resonator | Cap. Range | Cap. Range
Type Freq. C1 Cc2
XT  |455kHz 22-100 pF 22-100 pF
2.0 MHz 15-68 pF 15-68 pF
4.0 MHz 15-68 pF 15-68 pF
HS |8.0MHz 10-68 pF 10-68 pF
16.0 MHz 10-22 pF 10-22 pF

These values are for design guidance only. Since

each resonator has its own characteristics, the user
should consult the resonator manufacturer for appro-
priate values of external components.

TABLE 7-2: CAPACITOR SELECTION
FOR CRYSTAL OSCILLATOR
Osc | Resonator | Cap. Range | Cap. Range
Type Freq. C1 Cc2
LP 32 kHzt 33-68 pF 33-68 pF
200 kHz 15-47 pF 15-47 pF
XT 100 kHz 47-100 pF 47-100 pF
2 MHz 15-33 pF 15-33 pF
4 MHz 10-33 pF 10-33 pF
HS 8 MHz 15-47 pF 15-47 pF
20 MHz 15-47 pF 15-47 pF

1 For VDD > 4.5V, C1 = C2 = 30 pF is recommended.

These values are for design guidance only. Rs may
be required in HS mode as well as XT mode to avoid
overdriving crystals with low drive level specification.
Since each crystal has its own characteristics, the
user should consult the crystal manufacturer for

appropriate values of external components.
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723 EXTERNAL CRYSTAL OSCILLATOR
CIRCUIT

A prepackaged oscillator can be used or a simple oscil-
lator circuit with TTL gates can be built. Prepackaged
oscillators provide a wide operating range and better
stability. A well-designed crystal oscillator will provide
good performance with TTL gates. Two types of crystal
oscillator circuits can be used; one with series reso-
nance, or one with parallel resonance.

Figure 7-5 shows implementation of a parallel resonant
oscillator circuit. The circuit is designed to use the fun-
damental frequency of the crystal. The 74AS04
inverter performs the 180-degree phase shift that a par-
allel oscillator requires. The 4.7 kQ resistor provides
the negative feedback for stability. The 10 kQ potenti-
ometers bias the 74AS04 in the linear region. This cir-
cuit could be used for external oscillator designs.

FIGURE 7-5: EXTERNAL PARALLEL

RESONANT CRYSTAL
OSCILLATOR CIRCUIT
+5V
To Other
%,ok Devices  picigcsx
4.7k 74AS04
74AS04 4 CLKIN
ok
XTAL
—0—
10Kk
= jOpF L 20€;F

Figure 7-6 shows a series resonant oscillator circuit.
This circuit is also designed to use the fundamental fre-
quency of the crystal. The inverter performs a
180-degree phase shift in a series resonant oscillator
circuit. The 330Q resistors provide the negative feed-
back to bias the inverters in their linear region.

FIGURE 7-6: EXTERNAL SERIES
RESONANT CRYSTAL
OSCILLATOR CIRCUIT

To Other
330Q Devices

PIC16C5X
74AS04 74AS04

CLKIN

724 RCOSCILLATOR

For timing insensitive applications the RC device option
offers additional cost savings. RC oscillator frequency
is a function of the supply voltage, the resistor (Rext)
and capacitor (Cext) values, and the operating temper-
ature. In addition to this, the oscillator frequency will
vary from unit to unit due to normal process parameter
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 due
to tolerance of external R and C components used.
Figure 7-7 shows how the R/C combination is con-
nected to the PIC16C5X. For Rext values below
2.2 kQ, the oscillator operation may become unstable,
or stop completely. For very high Rext values (e.g.
1 MQ) the oscillator becomes sensitive to noise, humid-
ity and leakage. Thus, we recommend keeping Rext
between 3 kQ and 100 kQ.

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 extemal capacitance, the oscillation frequency
can vary dramatically due to changes in external
capacitances, such as PCB trace capacitance or pack-
age lead frame capacitance.

See Section 9.0 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 fre-
quency more).

See Section 9.0 for variation of oscillator frequency due
to VDD 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 pur-
poses or to synchronize other logic.

FIGURE 7-7: RC OSCILLATOR MODE

Vob

Rext Internal
lock

l OSCt I\ clocl
Cext N }—J PIC16C5X
Vss :—_E ~—] =

Fosc/4
0OSC2/CLKOUT
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7.3 Reset

The PIC16C5X differentiates between various kinds of
resets:

¢ Power-On Reset (POR)

» MCLR reset during normal operation
o MCLR reset during SLEEP

e WDT time-out reset

Some registers are not affected in any reset condition;
their status is unknown on POR and unchanged in all
other resets. Most other registers are reset to a “reset
state” on Power-On Reset (POR), MCLR or a WDT
reset . Note that the PIC16C5X does not differentiate
between a WDT reset during SLEEP or during normal
operation. The TO and PD bits are set or cleared
depending upon the reset situation (Table 7-3). These
bits may be used to determine the nature of the reset.
See Table 7-5 for a full description of reset states of all
registers.

Figure 7-8 shows the simplified block diagram of the

on-chip reset circuit.

7.4 Power-On Reset (POR) an
Device-Reset Timer (DRT)

741 POWER-ON RESET (POR)

The PIC16C5X family incorporates an on-chip
Power-On Reset (POR) circuitry which provides an
internal chip reset for most power-up situations. To use
this feature the user merely needs to tie the MCLR/VrPP

pin to VoD. Figure 7-15 shows the electrical structure of
TMRO inputs. The Power-On Reset circuit and the
Device Reset Timer circuit are closely related. On
power-up the reset latch is set and the DRT is reset.
The DRT timer begins counting once it detects MCLR
to be high. After the time-out period, which is typically
18 ms, it will reset the reset-latch and thus end the
on-chip reset signal.

Figure 7-9 and Figure 7-10 are two power-up situations
with relatively fast rise time on VoD. In Figure 7-9, VDD
is allowed to rise and stabilize before bringing MCLR
high. The chip will actually come out of reset (TDRT
msec) after MCLR goes high. In Figure 7-10, the
on-chip Power-On Reset feature is being used (MCLR
and VoD are tied together). VDD is stable before the
start-up timer times out and there is no problem in get-
ting a proper reset. Figure 7-11 depicts a potentially
problematic situation where VDD rises too slowly. In
this situation, when the start-up timer times out, Vop
has not reached the VDD (min) value and the chip is,
therefore, not guaranteed to function correctly.

To summarize, the on-chip POR is guaranteed to work
if the rate of rise of VDD is no slower than 0.05V/ms, and
VoD starts from OV. The on-chip POR time delay is too
short for low frequency crystals which require much
longer than 18 ms to start-up and stabilize. For such
situations, we recommend that external RC circuits be
used to achieve longer POR delay times.

FIGURE 7-8: ON-CHIP RESET CIRCUIT BLOCK DIAGRAM
Power-Up
Detect
Vbbo POR (Power-On Reset)
i\
MCLR/Vpp pin WDT Time-out
RESET
8-bit Async S Q
On-Chip “:D_ Ripple Counter
RC OSC (Start-up Timer
R o
CHIP RESET
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74.2  DEVICE RESET TIMER (DRT)

The Device Reset Timer provides a fixed 18 ms nomi-
nal time-out on RESET. The Device Reset Timer oper-
ates with an internal RC oscillator. The processor is
kept in RESET as long as the DRT is active. The DRT
delay allows VDD to rise above VDD min., and allows the
oscillator to stabilize.

Oscillator circuits based on crystals or ceramic resona-
tors require a certain time after power-up to establish a
stable oscillation. The on-chip DRT keeps the device in
a RESET condition for approximately 18 ms after the
voltage on the MCLR/VPP pin has reached a logic high
(ViHmc) level. Thus, external RC networks connected to
the MCLR input are not required in most cases, allow-
ing for savings in cost-sensitive and/or space restricted
applications.

The Device Reset time delay will vary from chip to chip
and due to VDD, temperature, and process variation.

The DRT will also be triggered upon a WDT time-out.
This is particularly important for applications using the
WDT to waken the PIC16C5X from SLEEP automati-
cally.

743 TIME-OUT SEQUENCE

Table 7-4 lists the reset conditions for the special func-
tion registers while Table 7-5 lists the reset conditions
for all the registers.

TABLE 7-3:

TO/PD STATUS AFTER
RESET

T

PD RESET was caused by

WDT wake-up from SLEEP

WDT time-out (not during SLEEP)

MCLR wake-up from SLEEP

0
0
1
1

Power-up

u

£flr|lo|r o

= Low pulse on MCLR input

The TO and PD bits maintain their status (u) until a
reset occurs. A low-pulse on the MCLR input does
not change the TO and PD status bits.

TABLE 7-4: RESET CONDITIONS FOR SPECIAL REGISTERS

Condition STATUS PCL
Addr: 03h Addr: 02h
Power-On Reset 0001 1xxx 1111 1111
MCLR reset during normal operation 000u uuuu (1) 1111 1111
MCLR reset during SLEEP 0001 Ouuu 1111 1111
WDT reset during SLEEP 0000 Ouuu 1111 1111
WDT reset during normal operation 0000 luuu 1111 1111
Legend: u = unchanged, x = unknown, - = unimplemented read as '0'.
Note 1: The TO and PD bits retain their last value until one of the other reset conditions occur.
2: The CLRWDT instruction will set the TO and PD bits
TABLE 7-5: RESET CONDITIONS FOR ALL REGISTERS
Register Address Power-on Reset MCLR or WDT Reset

W N/A XXKK KXKX uuuu uuuu

TRIS N/A 1111 1111 1111 1111

OPTION N/A --11 1111 --11 1111

INDF 00h — —

TMRO 01h XXXX XXXX uuuu uuuu

PCL 02h 1111 1111 1111 1111

STATUS 03h 0001 1xxx 000? ?uuu (1)

FSR 04h XXX XXXX uuuu uuuu

PORTA 05h ———— XXXX —---- uuuu

PORTB 06h XXXX XXXX uuuu uuuu

PORTC 07h XXXX XXXX uuuu uuuu

General Purpose 08-7Fh XXXK XXXX uuuu uuuu

register files

Legend: u =unchanged, x = unknown, - = unimplementedreadas'0’, ? =value depends on condition.

Note 1:

See Table 7-4 for reset value for specific conditions.
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FIGURE 7-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vbp): Case 1

MCLR ————/:L

INTERNAL POR ——————J

DRT TIME-OUT |

INTERNAL RESET

FIGURE 7-10: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VoD): Case 2

Voo _._~—/
MCLR . o

INTERNALPOR | Co

DRT TIME-OUT .

INTERNAL RESET

FIGURE 7-11: TIME-OUT SEQUENCE ON POWER-UP (MCLRTIED TO Vbp)

Vop ———/
]

INTERNAL POR

' TDRT .

'
' '

DRT TIME-OUT ‘

INTERNAL RESET lﬁ
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FIGURE 7-12: EXTERNAL POWER-ON
RESET CIRCUIT (FOR SLOW
Vbob POWER-UP)

Voo Vop

R1
MCIR

c PIC16C5X

1

Note 1: External Power-On Reset circuit is required
only if VDD power-up is too slow. The
diode D helps discharge the capacitor
quickly when VDD powers down.

2: R <40 kQ is recommended to make sure
that voltage drop across R does not
exceed 0.2V (max leakage current spec on
MCLR pin is 5 pA). Alarger voltage drop
will degrade ViH level on the MCLR/VPP
pin.

3: R1=100Q to 1 kQ will limit any current
flowing into MCLR from external capacitor
C in the event of MCLR/VPP pin breakdown
due to ESD or EOS.

FIGURE 7-13: BROWN-OUT PROTECTION

CIRCUIT 1.
Vop
Vob
33k '
10k VR
AN 40k | pic1ecsx

This circuit will activate reset when Vop goes below Vz +
0.7V (where Vz = Zener voltage).

FIGURE 7-14: BROWN-OUT PROTECTION

CIRCUIT 2
Vob
Voo
R1
a1
MCTR
R2
40k | pic1eesX

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

R1

R1+R2

VDD ¢ =0.7V.

FIGURE 7-15: ELECTRICAL STRUCTURE OF THE MCLR/VPP AND TOCKI PINS

MCLRNVPP
and

TOCKI pins

Vss

Vss

RiN

Schmitt Trigger
Input Buffer
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7.5 Watchdog Timer (WDT)

The watchdog timer is realized as a free running
on-chip RC oscillator which does not require any exter-
nal components. This RC oscillator is separate from the
RC oscillator of the OSC1/CLKIN pin. That means that
the WDT will run even if the clock on the OSC1/CLKIN
and OSC2/CLKOUT pins of the device have been
stopped (i.e., by executing the SLEEP instruction). Dur-
ing normal operation a WDT time-out generates a
device RESET. If the device is in SLEEP mode, a WDT
time-out causes the device to wake-up and continue
with normal operation. The WDT can be permanently
disabled by programming the configuration bit WDTE
as a'0' (Section 7.1).

75.1  WDT PERIOD

The WDT has a nominal time-out period of 18 ms, (with
no prescaler). These periods vary with temperature,
VDD and process variations from part to part (see DC
specs). If longer time-out periods are desired, a pres-

caler with a division ratio of up to 1:128 can be assigned
to the WDT (under software control) by writing to the
OPTION register. Thus, time-out periods up to 2.3 sec-
onds can be realized.

The CLRWDT and SLEEP instructions clear the WDT
and the postscaler (if assigned to the WDT) and pre-
vent it from timing out and generating a device RESET.

The TO bit (STATUS<4>) will be cleared upon a WDT
time-out.
752 WDT PROGRAMMING CONSIDERATIONS

At worst case conditions (VDD = Min., Temperature =
Max., max. WDT prescaler) it may take several sec-
onds before a WDT time-out occurs.

FIGURE 7-16: WATCHDOG TIMER BLOCK DIAGRAM

From TMRO Clock Source
(Figure 6-6)

L.

Postscaler

Watchdog 1
Timer

— xXCZ

(2]
>

WDT Enable P
EPROM Fuse

|

8-to-1MUX %——PSZPSO

To TMRO (Figure 6-6)

o) 1

MUX [« PSA

Note: PSA and PS2:PS0 are bits in the OPTION register.

i

Time-out

TABLE 7-6:

SUMMARY OF REGISTERS ASSOCIATED WITH THE WATCHDOG TIMER

Name | Bit7 | Bite | Bits | Bita | B3 | Bit2 | Bit1 | Bito |

Config. Word
OPTION

Note 1: CP7:CP4 are used by the PIC16CCR58A only. Unused in all other devices.
2: Shaded cells are not used by the Watchdog Timer.
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7.6 Power-Down Mode (SLEEP)

The Power-Down mode is entered by executing a
SLEEP instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the TO bit (STATUS<4>) is set, the PD
bit (STATUS<3>) is cleared, and the oscillator driver is
tumed off. The I/O ports maintain the status they had
before the SLEEP instruction was executed (driving
high, driving low, or hi-impedance).

It should be noted that a RESET generated by a WDT
time-out does not drive the MCLR/VPP pin low.

For lowest current consumption while powered down,
the TOCKI input should be at VDD or Vss and the
MCLR/VPP pin must be at a logic high level (VIHMC).

7.6.1  WAKE-UP FROM SLEEP

The device can wake from SLEEP through one of the
following events:

1. An external reset input on the MCLR/VPP pin.
2. AWDT time-out reset (if WDT was enabled).

Both of these events cause a device reset. The TO and
PD bits can be used to determine the cause of device
reset. The TO bit is cleared if a WDT time-out occurred
(and caused wake-up). The PD bit, which is set on
power-up, is cleared when SLEEP is invoked.

The WDT is cleared when the device wakes from
SLEEP, regardless of the wake-up source.

7.7 Code Protection

The code in the program memory can be protected by
clearing the code protect bits.

In code protected mode, the configuration word will not
be protected, allowing reading of all bits.

7.7.1  PIC16C54A, PIC16CR57A AND PIC16C58A

Once code protected, all memory locations read out in
a scrambled fashion. For EPROM devices, program
memory locations 40h and above cannot be further pro-
grammed. However, the first 64 locations, 00h - 3Fh,
may be programmed. These locations are not consid-
ered secure.

7.7.2 PIC16CR58A

In a protected device, program memory locations
00h-3Fh read out normally. Locations 40h and higher
cannot be read out.

7.8 ID Locations

Four memory locations are designated as ID locations
where the user can store checksum or other code-iden-
tification numbers. These locations are not accessible
during hormal execution but are readable and writable
during program/verify.

Use only the lower 4-bits of the ID locations and always
program the upper 8-bits as '1's.
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8.0 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 8-2 groups the instructions into
byte-oriented, bit-oriented, and literal and control oper-
ations.

For byte-oriented instructions, 'f' represents a file reg-
ister designator and 'd' represents a destination desig-
nator. The file register designator is used to specify
which one of the 32 file registers is to be used by the
instruction. (For the Enhanced PIC16CR57A,
PIC16C58A and the PIC16CR58A, bits 6 and 5 in the
FSR register determine the selected register bank.)

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

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

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

All instructions are executed within one single instruc-
tion cycle, unless a conditional test is true or the pro-
gram 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
instruction 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 psec.

OPCODE FIELD
DESCRIPTIONS

TABLE 8-1:

Field Description

Register file address (0x00 to 0x7F)

Working register (accumulator)

Bit address within an 8-bit file register

Literal field, constant data or label

X |®x|o|=|m

Don't care location (= 0 or 1)

The assembler will generate code with x = 0.
It is the recommended form of use for compat-
ibility with all Microchip software tools.

da Destination select;

d =0 (store result in W)

d =1 (store result in file register 'f')
Defaultisd =1

label |Label name

TOS Top of Stack

PC Program Counter

WDT Watchdog Timer Counter
TO Time-Out bit

BD Power-Down bit

dest | Destination, either the W register or the speci-
fied register file location

[] Options

() Contents

- Assigned to

<> Register bit field
S In the set of

italics | User defined term (font is courier)

© 1995 Microchip Technology Inc.
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TABLE 8-2: INSTRUCTION SET SUMMARY

Mnemonic, Description Cycles | 12-Bit Opcode Status | Notes
Operands MSb LSb |Affected
ADDWF fd Add W and f 1 0001 114f ££f££({C,DC,Z |1,24
ANDWF fd AND W with f 1 0001 01df ffff(Z 2,4
CLRF f Clear 1 0000 011f ffff(Z 4
CLRW - Clear W 1 0000 0100 0000(Z

COMF f,d Complement f 1 0010 01df ffff(Z

DECF f,d Decrement f 1 0000 114f ffff|(Z 2,4
DECFSzZ f,d Decrement f, Skip if O 1(2) |0010 11df £££f|None 2,4
INCF f,d Increment f 1 0010 104f fffflZ 2,4
INCFsZ f,d Increment f, Skip if 0 1(2) |0011 114f £££ff|None 2,4
IORWF f,d Inclusive OR W with f 1 0001 004f ffff|Z 2,4
MOVF f,d Move f 1 0010 004f ffff|Z 24
MOVWF Move W o § 1 0000 001f ffff|None 1,4
NOP - No Operation 1 0000 0000 0000 |None

RLF f,d Rotate left f through Carry 1 0011 01df ffff|C 2,4
RRF f,d Rotate right f through Carry 1 0011 00df ffff|C 2,4
SUBWF f,d Subtract W from f 1 0000 104f ffff|C,DC,Z (1,24
SWAPF f,d Swap f 1 0011 104f f££ff |None 2,4
XORWF f,d Exclusive OR W with f 1 0001 104f ffff|Z 2,4
BIT-ORIENTED FILE REGISTER OPERATIONS

BCF f,b Bit Clear f 1 0100 bbbf ffff |None 24
BSF f,b Bit Set f 1 0101 bbbf ffff {None 2,4
BTFSC f,b Bit Test f, Skip if Clear 1(2) {0110 bbbf f£fff |None
BTFSS f,b Bit Test f, Skip if Set 1(2) |0111 bbbf ff£f |None
LITERAL AND CONTROL OPERATIONS

ANDLW k AND literal with W 1 1110 kkkk kkkk|Z

CALL k Call subroutine 2 1001 kkkk kkkk |None 1
CLRWDT k Clear watchdog timer 1 |0000 0000 0100|TOPD
GOTO k Unconditional branch 2 101k kkkk kkkk |None
IORLW k Inclusive OR literal with W 1 1101 kkkk kkkk|Z

MOVLW k Move Literal to W 1 1100 kkkk kkkk | None
OPTION k Load OPTION register 1 0000 0000 0010 | None
RETLW k Retum, place literal in W 2 1000 kkkk kkkk |None
SLEEP - Go into standby mode 1 0000 0000 0011|TOPD

TRIS f Load TRIS register 1 0000 0000 Offf | None 3
XORLW k Exclusive OR Literal to W 1 1111 kkkk kkkk|Z

Note 1: the Sth bit of the program counter will be forced to a '0' by any instruction that writes to the PC except for
GOTO. (Section 4.6)
2: When an |/O register is modified as a function of itself ( .9.MOVF PORTB, 1), the value used will be that
value present on the pins themselves. For example, if the data latch is '1' for a pin configured as input and
is driven low by an extemal device, the data will be written back with a '0".

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 PORTA, B or C, respectively. A'1' forces the pin to a hi-impedance state and disables
the output buffers.
4: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be
cleared (if assigned to TMRO).
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ADDWF AddW and f
Syntax: [ label ] ADDWF  fd
Operands: 0<f<127
de [0,1]
Operation: (W) + (f) - (dest)
Status Affected: C,DC, Z
Encoding: I 0001 | 114f ] FEEE |
Description: Add the contents of the W register
and register f. If 'd" is O the result is
stored in the W register. If 'd' is 1 the
result is stored back in register 'f'.
Words: 1
Cycles: 1
Example: ADDWF FSR, 0
Before Instruction
w = 0oxi7
FSR= 0xC2
After Instruction
W = 0xD9
FSR= 0xC2
ANDLW And literal with W
Syntax: [ label] ANDLW  k
Operands: 0<k<255
Operation: (W) .AND. (k) = (W)
Status Affected: Z
Encoding: I 1110 ] kkkk rkkkk ]
Description: The contents of the W register are
AND’ed with the eight bit literal 'k".
The result is placed in the W register.
Words: 1
Cycles: 1
Example: ANDLW  Ox5F

Before Instruction

W =

O0xA3

After Instruction

W =

0x03

ANDWF AND W with f
Syntax: [ label] ANDWF td
Operands: 0<f<127
de [0,1]
Operation: (W) .AND. (f) - (dest)
Status Affected: Z
Encoding: [ 0001 | 01af | FEEE |
Description: The contents of the W register are
AND’ed with register . If 'd'is O the
result is stored in the W register. If 'd'
is 1 the result is stored back in register
.
Words: 1
Cycles: 1
Example: ANDWF FSR, 1
Before Instruction
W = 0x17
FSR=  0xC2
After Instruction
W = 0xi7
FSR=  0x02
BCF Bit Clear f
Syntax: [ label] BCF fb
Operands: 0<f<127
0<b<7
Operation: 0 — (f<b>)
Status Affected:  None
Encoding: [ 0100 [wbbe I FEEE ]
Description: Bit 'b' in register 'f' is cleared.
Words: 1
Cycles: 1
Example: BCF FLAG_REG, 7

Before Instruction
FLAG_REG = 0xC7

After Instruction
FLAG_REG = 0x47

© 1995 Microchip Technology Inc.
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BSF Bit Set f
Syntax: : [label] BSF fb
Operands: 0<f<127
0<bs<7
Operation: 1 - (f<b>)
Status Affected:  None
Encoding: L0101 J bbbt ] £E£E 1
Description: Bit 'b' in register 'f' is set.
Words: 1
Cycles: 1
Example: BSF FLAG_REG, 7

Before Instruction
FLAG_REG= Ox0A

After Instruction
FLAG_REG= Ox8A

BTFSC Bit Test f, Skip if Clear BTFSS Bit Test f, Skip if Set

Syntax: [ label] BTFSC fb Syntax: [ label] BTFSS fb

Operands: 0<f<127 Operands: 0<f<127
0<b<7 0<b<7

Operation: skip if (f<b>) =0 Operation: skip if (f<b>) =1

Status Affected:  None Status Affected:  None

Encoding: | 0110 Lbbbf I £EEE | Encoding: | 0111 | bbbt I 3344 l

Description: If bit 'b* in register 'f' is 0 then the next Description: If bit 'b' in register 'f' is '1' then the next
instruction is skipped. instruction is skipped.
If bit 'b' is 0 then the next instruction If bit 'b" is '1', then the next instruction
fetched during the current instruction fetched during the current instruction
execution is discarded, and an NOP is execution, is discarded and an NOP is
executed instead, making this a 2 cycle executed instead, making this a 2 cycle
instruction. instruction.

Words: 1 Words: 1

Cycles: 1(2) Cycles: 1(2)

Example: HERE  BTFSC  FLAG,1 Example: HERE BTFSS FLAG,1
FALSE GOTO PROCESS_CODE FALSE GOTO PROCESS_CODE
TRUE . TRUE o

.

Before Instruction

PC = address (HERE)
After Instruction

if FLAG<1> = O,

PC = address (TRUE);

if FLAG<1> = 1,

PC =  address (FALSE)

Before Instruction

PC

address (HERE)

After Instruction

fFLAG<1> = 0,

PC = address (FALSE);
if FLAG<1> = 1,

PC = address (TRUE)
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CALL Subroutine Call

Syntax: [ label] CALL k

Operands: 0<k<2047

Operation: (PC) + 1— Top of Stack;
k — PC<8:0>;
(STATUS<6:5>) - PC<10:9>;
0 - PC<8>

Status Affected:  None

Encoding: | 1001 | Kkkk ' Kkkkk 'l

Description: Subroutine call. First, return address
(PC+1) is pushed onto the stack. The
eight bit immediate address is loaded
into PC bits <7:0>. The upper bits
PC<10:9> are loaded from STA-
TUS<6:5>, PC<8> is cleared. CALL is
a two cycle instruction.

Words: 1

Cycles: 2

Example: HERE CALL  THERE

Before Instruction

PC =

address (HERE)

After Instruction

PC = address (THERE)
TOS=  address (HERE)
CLRF Clear f
Syntax: [ label] CLRF f
Operands: 0<f<127
Operation: 00h — (f);
152
Status Affected: Z
Encoding: [ 0000 Jouig [eeee |
Description: The contents of register 'f' are cleared
and the Z bit is set.
Words: 1
Cycles: 1
Example: CLRF  FLAG_REG
Before Instruction
FLAG_REG = O0x5A
After Instruction
FLAG_REG = 0x00
Z = 1

CLRW Clear W

Syntax: [ label] CLRW

Operands: None

Operation: 00h — (W);
1-Z

Status Affected: Z

Encoding: [ 0000 iomo | 0000 |
Description: The W register is cleared. Zero bit (Z)
is set.
Words: 1
Cycles: 1
Example: CLRW
Before Instruction
W = Ox5A
After Instruction
W = 0x00
zZ = 1
CLRWDT Clear Watchdog Timer
Syntax: [ label] CLRWDT
Operands: None
Operation: 00h — WDT;
0 — WDT prescaler;
1-T0;
1->PD
Status Affected:  TO, PD
Encoding: | 0000 I 0000 l 0100 ]

Description: The CLRWDT instruction resets the
WDT. It also resets the prescaler of
the WDT. Status bits TO and PD are
set.

Words: 1

Cycles: 1

Example: CLRWDT

Before Instruction
WDT counter =  ?
After Instruction
WDT counter =  0x00
WDT prescale = 0
TO = 1
PD = 1

© 1995 Microchip Technology Inc.
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DECFSZ Decrement f, Skip if 0

Syntax: [ label] DECFSZ fd

Operands: 0<f<127
de [0,1]

Operation: (f)—1—>d; skipifresult=0

Status Affected:  None

Encoding: Loo1o [11ar [eeee |

Description: The contents of register 'f' are decre-
mented. If 'd' is O the resuilt is placed
inthe W register. If 'd' is 1 the resultis
placed back in register 'f'.
If the result is 0, the next instruction,
which is already fetched, is discarded
and an NOP is executed instead mak-
ing it a two cycle instruction.

Words: 1

Cycles: 1(2)

Example: HERE DECFSZ CNT, 1

GOTO LOOP

CONTINUE e

.

Before Instruction

COMF Complement f
Syntax: [ label] COMF fd
Operands: 0<f<127
de [0,1]
Operation: ® — (dest)
Status Affected: Z
Encoding: | oot0 Joiar |esee |
Description: The contents of register 'f' are comple-
mented. If 'd" is O the result is stored in
the W register. If 'd" is 1 the result is
stored back in register 'f'.
Words: 1
Cycles: 1
Example: COMF REG1,0
Before Instruction
REG1 = 0x13
After Instruction
REG1 = O0xi3
w = OxEC
DECF Decrement f
Syntax: [ label] DECF fd
Operands: 0<f<127
de [0,1]
Operation: (f) =1 — (dest)
Status Affected: Z
Encoding: | oooo [azar [egee |
Description: Decrement 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
'fl.
Words: 1
Cycles: 1
Example: DECF CcNT, 1
Before Instruction
CNT = 0x01
z = 0
After Instruction
CNT = 0x00
z = 1

PC = address (HERE)
After Instruction
CNT = CNT-1;
fCNT = O,
PC = address (CONTINUE);
ifCNT = O,
PC = address (HERE+1)
GOTO Unconditional Branch
Syntax: [label] GOTO k
Operands: 0<k<2047
Operation: k — PC<8:0>;
STATUS<6:5> — PC<10:9>
Status Affected:  None
Encoding: 1 101k | kkkk | kkkk |
Description: GOTO is an unconditional branch. The
9-bit immediate value is loaded into
PC bits <8:0>. The upper bits of PC
are loaded from STATUS<6:5>. coTo
is a two cycle instruction.
Words: 1
Cycles: 2
Example: GOTO THERE

After Instruction

PC =

address (THERE)
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INCF Increment f
Syntax: [ label] INCF fd
Operands: 0<f<127
de [0,1]
Operation: f) + 1 > (dest)
Status Affected: Z
Encoding: Loow ]10df ] £EEE J
Description: The contents of register 'f' 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'.
Words: 1
Cycles: 1
Example: INCF CNT, 1
Before Instruction
CNT = OxFF
V4 = 0
Atfter Instruction
CNT = 0x00
4 = 1
INCFSZ Increment f, Skip if 0
Syntax: [label] INCFSZ fd
Operands: 0<f<127
de [0,1]
Operation: (f) + 1 > (dest), skip if result =0
Status Affected:  None
Encoding: [ 0011 | 11af | FEEE [
Description: The contents of register 'f' 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'.
If the result is 0, then the next instruc-
tion, which is already fetched, is dis-
carded and an NOP is executed
instead making it a two cycle instruc-
tion.
Words: 1
Cycles: 1(2)
Example: HERE INCFSZ CNT, 1
GOTO LOOP
CONTINUE -«

.

Before Instruction

PC

= address (HERE)

After Instruction

CNT

if CNT
PC

if CNT
PC

CNT + 1;

0,

address (CONTINUE);
o,

address (HERE +1)

[ S R 1A 1}

IORLW Inclusive OR literal with W
Syntax: [ label] IORLW k
Operands: 0<k<255
Operation: (W) .OR. (k) > (W)
Status Affected: Z
Encoding: I 1101 | Kkkkk I kkkk I
Description: The contents of the W register are
OR’ed with the eight bit literal 'k'. The
result is placed in the W register.
Words: 1
Cycles: 1
Example: IORLW  0x35
Before Instruction
W = 0x9A
After Instruction
W = OxBF
IORWF Inclusive OR W with f
Syntax: [label] IORWF f{.d
Operands: 0<f<127
de [0,1]
Operation: (W) .OR. (f) > (dest)
Status Affected: Z
Encoding: [ 0001 | 00af ] EEEE '
Description: Inclusive OR the W register with regis-
ter 'f'. If 'd" is O the result is placed in
the W register. If 'd" is 1 the result is
placed back in register 'f'.
Words: 1
Cycles: 1
Example: IORWF RESULT, 0
Before Instruction
RESULT = 0x13
w = 0x91
After Instruction
RESULT = 0x13
w = 0x93
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MOVF Move f

Syntax: [label] MOVF fd

Operands: 0<f<127
de [0,1]

Operation: (f) — (dest)

Status Affected:  Z

Encoding: l 0010 l 00df | £EEE |

Description: The contents of register 'f' is moved to
destination 'd". If 'd' is 0, destination is
the W register. If 'd' is 1, the destina-
tion is file register 'f'. 'd" is 1 is useful to
test afile register since status flag Z is
affected.

Words: 1

Cycles: 1

Example: MOVF FSR, O

After Instruction

W = valuein FSR register

MOVLW Move Literal to W

Syntax: [ label] MOVLW k

Operands: 0<k<255

Operation: k— W)

Status Affected:  None

Encoding: LllOO kakk ] kkkk l

Description: The eight bit literal 'k’ is loaded into
the W register. The don’t cares will
assemble as 0s.

Words: 1

Cycles: 1

Example: MOVLW  0x5A

After Instruction

W =

0x5A

MOVWF Move W to f
Syntax: [label] MOVWF f
Operands: 0<f<127
Operation: W)= (f)
Status Affected:  None
Encoding: [ 0000 |001fJ FEEE I
Description: Move data from the W register to reg-
ister 'f'.
Words: 1
Cycles: 1
Example: MOVWF  TEMP_REG
Before Instruction
TEMP_REG = OxFF
w = Ox4F
After Instruction
TEMP_REG = Ox4F
w = Ox4F
NOP No Operation
Syntax: [ label] NOP
Operands: None
Operation: No operation
Status Affected:  None
Encoding: [ 0000 ]oooo | 0000 J
Description: No operation.
Words: 1
Cycles: 1
Example: NOP
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OPTION Load OPTION Register
Syntax: [ label] OPTION
Operands: None
Operation: (W) - OPTION
Status Affected:  None
Encoding: [0000  Joooo [oo10 |
Description: The content of the W register is loaded
into the OPTION register.
Words: 1
Cycles: 1
Example OPTION
Before Instruction
w = 0x07
After Instruction
OPTION =  0x07
RETLW Return, place literal in W RLF Rotate Left f through Carry
Syntax: [label] RETLW k Syntax: [label] RLF fd
Operands: 0<k<255 Operands: 0<f<127
Operation: kK — (W); de [0,1]
TOS —» PC Operation: See description below
Status Affected:  None Status Affected: C
Encoding: [ 1000 [k [ ki | Encoding: [o01 Joiar [eees |
Description: The W register is loaded with the eight Description: The contents of register 'f' are rotated
bit literal 'k’. The program counter is one bit to the left through the Carry
loaded from the top of the stack (the Flag. If 'd" is O the result is placed in
return address). This is a two cycle the W register. If 'd' is 1 the result is
instruction. stored back in register 'f'.
Words 1 gt
Cycles: 2
Words: 1
Example: CALL TABLE ;W contains
;table Cycles: 1
TABLE joffset value Example: RLF REG1,0
. ;W now has table
valuee Before Instruction
. REG1 = 1110 0110
ADDWF PC ;W = offset C = 0
RETLW k1 ;Begin table After Instruction
RETLW k2 ; CREG1 = 1110 0110
: w = 1100 1100
* C = 1
RETLW kn ; End of table

Before Instruction

W = 0x07
After Instruction
W = valueofk7

© 1995 Microchip Technology Inc.
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RRF Rotate Right f through Carry
Syntax: [/abel] RRF fd
Operands: 0<f<127
de [0,1]
Operation: See description below
Status Affected: C
Encoding: [ oo11 |ooar | feef |
Description: The contents of register ' are rotated
one bit to the right through the Carry
Flag. If 'd" is 0 the result is placed in
the W register. If 'd" is 1 the result is
placed back in register 'f'.
Words: 1
Cycles: 1
Example: RRF REG1,0
Before Instruction
REG1 = 1110 0110
C = 0
After Instruction
REG1 = 1110 0110
w = 0111 0011
[} = 1
SLEEP Enter SLEEP Mode
Syntax: llabel] SLEEP
Operands: None
Operation: 00h — WDT;
00— !V_DT prescaler;
1->T0;
0-PD
Status Affected: ~ TO, PD
Encoding: {oooo | 0000 | 00117
Description: Time-out status bit (TO) is set. The
power down status bit (PD) is
cleared. The WDT and its prescaler
are cleared.
The processor is put into SLEEP
mode with the oscillator stopped.
See section on SLEEP for more
details.
Words: 1
Cycles: 1
Example: SLEEP

SUBWF Subtract W from f
Syntax: [label] SUBWF fd
Operands: 0<f<127
de [0,1]
Operation: (f) — (W) — (dest)
Status Affected: C,DC,Z
Encoding: | 0000 | 10df | FEEE |
Description: Subtract (2's complement method)
the W register from register 'f'. If 'd'
is 0 the result is stored in the W reg-
ister. If 'd' is 1 the result is stored
back in register 'f'.
Words: 1
Cycles: 1
Example 1: SUBWF  REG1, 1
Before Instruction
REG1 = 3
w = 2
(o] = ?
After Instruction
REG1 = 1
w = 2
C = 1 ; result is positive
Example 2:
Before Instruction
REG1T = 2
w = 2
(o] = ?
After Instruction
REG1T = 0
w = 2
[¢] = 1 ; result is zero
Example 3:
Before Instruction
REG1 = 1
w = 2
(o] = ?
After Instruction
REG1 = FF
w = 2
C = 0 ; result is negative
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SWAPF Swap f
Syntax: [ label] SWAPF f,d
Operands: 0<f<127
de [0,1]
Operation: (f<3:0>) — (dest<7:4>);
(f<7:4>) — (dest<3:0>)
Status Affected:  None
Encoding: '[ 0011 i 104t i £EEE i
Description: The upper and lower nibbles of regis-
ter 'f' are exchanged. If 'd'is 0 the
result is placed in W register. If 'd" is 1
the result is placed in register 'f'.
Words: 1
Cycles: 1
Example SWAPF REG1, 0
Before Instruction
REG1 = OxA5
After Instruction
REG1 = OxA5
w = O0X5A
TRIS Load TRIS Register
Syntax: [label] TRIS f
Operands: 5<f<7
Operation: (W) — TRIS register f
Status Affected:  None
Encoding: [ 0000 [ oooo | offf |
Description: TRIS register 'f' (f =5, 6, or 7) is loaded
with the contents of the W register
Words: 1
Cycles: 1
Example TRIS PORTA

Before Instruction

w

= OXAS5

After Instruction

TRISA

= OXAS5

XORLW Exclusive OR literal with W
Syntax: [label] XORLW k
Operands: 0<k<255
Operation: (W) XOR.k— (W)
Status Affected: z
Encoding: [ 1111 | kkkk l kkkk |
Description: The contents of the W register are
XOR’ed with the eight bit literal k.
The result is placed in the W regis-
ter.
Words: 1
Cycles: 1
Example: XORLW OxAF
Before Instruction
W = O0xBS
After Instruction
W = OxiA
XORWF Exclusive OR W with f
Syntax: [label] XORWF fd
Operands: 0<f<127
de [0,1]
Operation: (W) .XOR. (f) - (dest)
Status Affected: Z
Encoding: I 0001 I 10af ] EEEE —|
Description: Exclusive OR the contents of the W
register with register 'f'. If 'd" is 0 the
result is stored in the W register. If 'd'
is 1 the result is stored back in register
!
Words: 1
Cycles: 1
Example XORWF REG 1
Before Instruction
REG = OxAF
W = 0xB5
After Instruction
REG = Ox1A
w = 0xB5

© 1995 Microchip Technology Inc.

DS30236A-page 2-141



Enhanced PIC16C5X

NOTES:
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9.0

9.1

Ambient temperature under bias
Storage temperature
Voltage on VDD with respect to Vss
Voltage on MCLR with respect to Vss
Voltage on all other pins with respect to Vss
Total power dissipation (Note 1)
Max. current out of Vss pin
Max. current into VDD pin
Max. current into an input pin (TOCKI only)
Input clamp current, Iik (VI < 0 or VI > VDD)
Output clamp current, 1ok (VO < 0 or VO > VbD)
Max. output current sunk by any I/O pin
Max. output current sourced by any I/O pin
Max. output current sourced by a single /O port (PORTA or B)
Max. output current sunk by a single 1/O port (PORTA or B)

ELECTRICAL CHARACTERISTICS FOR PIC16C54A

Absolute Maximum Ratings'

-55°C to +125°C

-65°C to +150°C

0to +7.5V

0to +14V

-0.6V to (VDD + 0.6V)

800 mW

eiisesaieatan s 150 mA

100 mA

1500 pA

120 mA

120 mA

25 mA

20 mA
40 mA

50 mA

Note 1: Total power dissipation should not exceed 800 mW for the package. Power dissipation is calculated as fol-

lows:
Pdis = VDD x {IDD - X 10H} + ¥, {(VDD-VOH) x loH} + ¥ (VOL x loL)

‘extended penods may affect device reliability. .

TABLE 9-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)
0osC 16C54A-04 16C54A-10 l 16C54A-20 l 16LC54A-04
RC VoD: 3.0V to 6.25V VDD 3 OV 10625V ‘ V f -
IDD: 2.4 mA max. at 5.5V 0. ' .
IPD: 4 pA max. at 3.0V . ‘iPD 0 25 uAtyp at 2. 5\1 o
WDT dis . WDTdis L
Freq: 4 MHz max. v Freq:'32 MHz max.
XT VDD: 3.0V to 6.25V i [Vop: 28V106:25V
Iob 24 mAmax. at5.5V [ipp: 1 7 mAtyp at 55V |IpD: : 1bp: 0.5 mAtyp at55V
IPD: 4 pA max. at 3.0V ;0,25 uAtyp at3.0v. : IPD 0.25 pAtyp: at 2.5V
WDT dis . . WDTdis .
: 4 MHz max. : [Freq: Freq 2MHz ma
HS DD: 45V 055V {1 VDD: 4.5V105.5V VDD: 4.5V to 5.5V Do not'use in HS mode
24mA yp. at 5 SV Ibb: 8 mAmax. at 5.5V Iop: 16 mA max. at 5.5V
. IPD: 4 pA max. at 3.0V IPD: 4 pAmax. at 3.0V
WDT dis WDT dis
Freq: 10 MHz max. Freq: 20 MHz max. | .
LP | VbD: 2.5V to 6.25V

| Do notusein LP mode

| Do not use in LP mode.

| lop:
| Ip:

Freq:

27 pA max. at 32kHz,
2.5V

4 pA max. at 2.5V
WDT dis

200 kHz max.

The shaded sections indicate oscillator selecuons which are tested for functionality, but not for MIN/MAX specifications. It is

recommended that the user select the device type that guarantees the specifications required.

© 1995 Microchip Technology Inc.
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TABLE 9-2:  DC CHARACTERISTICS: PIC16C54A-04 (COMMERCIAL, INDUSTRIAL)

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +125°C for automotive,

ggvs:: Fs‘ﬁg.;is llfl.ngs -40°C < TA < +85°C for industrial .and
o°C < TA £ +70°C for commercial
Operating voltage: VDD = 4.0V to 6.0V
Characteristic Sym | Min | yypt | Max | Units Conditions
Supply Voltage VbD 3.0 | — [6.25] V [XT, RC and LP osc configuration
4.5 5.5 HS osc configuration
RAM Data Retention
Voltage (Note 1) VDR 15 | — | — V | Device in SLEEP mode
VoD start voltage to
guarantee Power-On Reset VPOR — | Vss | — V | See section on Power-On Reset for details
VDD rise rate to guarantee
Power-On Reset Svbb |0.05*| — | — | V/ms | See section on Power-On Reset for details
Supply Current (Note 2) Iob XT and RC options (Note 4)

— | 1.8 | 24 | mA |Fosc =4 MHz, VoD = 5.5V
LP osc option, Commercial

_ 14 pA |Fosc =32 kHz, VDD = 3.0V, WDT disabled
LP option, Industrial
17 pA | Fosc = 32 kHz, Vob = 3.0V, WDT disabled

Power Down Current (Note 3) .
WDT enabled IPD — 4 12 | pA |VDD = 3.0V, Commercial

—_ 5 14 | pA | VDD = 3.0V, Industrial
WDT disabled — |1025| 4 pA | VDD = 3.0V, Commercial

—_ 03| 5 pA | VoD = 3.0V, Industrial

*

t

Note 1:

These parameters are characterized but not tested.

Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.

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

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

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

OSC1=external square wave, from rail to rail; all /O pins tristated, pulled to Vbp, TOCKI = VoD,

MCLR = Vbp; WDT enabled/disabled as specified.

b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP
mode. )

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

IR = Voo/2Rext (mA) with Rext in kOhm.
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TABLE 9-3: DC CHARACTERISTICS: PIC16C54A-10 (COMMERCIAL, INDUSTRIAL)
PIC16C54A-20 (COMMERCIAL, INDUSTRIAL)

Standard Operating Conditions (uniess otherwise stated)
Operating temperature -40°'C < TA < +125°C for automotive,

gg‘ﬁg: gﬁ'c,;f; IngngS -40°C < TA < +85°C for industrial ‘and
0°’C < TA £ +70°C for commercial
Operating voltage VDD = 4.0V to 6.0V
Characteristic Sym | Min | Typt | Max | Units Conditions
Supply Voltage VDD 3.0 - [6.25| V |XT, RC and LP options
4.5 5.5 HS option
RAM Data Retention
Voltage (Note 2) VDR 16 | — | — V | Device in SLEEP mode
VoD start voltage to
guarantee Power-On Reset VPOR | — [ Vss | — V | See section on Power-On Reset for details
VDD rise rate to guarantee
Power-On Reset Svbpb [0.05*| — | — [ V/ms | See section on Power-On Reset for details
Supply Current (Note 1) oo XT and RC options (Note 4)
—_ 1.7 | 3.3 | mA |Fosc =4 MHz, VoD = 5.5V
HS option

— 2.4 8 mA | Fosc = 10 kHz, VDD = 5.5V
45 | 16 | mA |Fosc =20 MHz, Vbp =5.5V

Power Down Current (Note 3) IPD
WDT enabled — 4 12 | pA | VDD = 3.0V, Commercial
— 5 14 | pA |[VDD = 3.0V, Industrial
WDT disabled — |025| 4 nA | VDD = 3.0V, Commercial
— | 03] 5 pA | VDD = 3.0V, Industrial
* These parameters are characterized but not tested.

t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.

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

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

Note 1:

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

OSC1=external square wave, from rail to rail; all I/O pins tristated, pulled to Vop, TOCKI = VoD,

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.

3: 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-impedance state and tied to VoD and Vss.

4: RC mode does not include current through Rext. The current through the resistor can be estimated by the
formula:
IR = Voo/2Rext (mA) with Rext in kOhm.
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TABLE9-4: DC CHARACTERISTICS: PIC16LC54A-04 (COMMERCIAL, INDUSTRIAL)

Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40.C i TA< +12:5 C for auton.loluve,
POWER SUPPLY PINS -40°C < TA < +85°C for industrial and
o°C < TA < +70°C for commercial
Operating voltage VDD = 4.0V to 6.0V
Characteristic Sym | Min | Typt | Max | Units Conditions
Supply Voltage VbD 25 | — [6.25] V [XT, RC and LP options
RAM Data Retention
Voltage (Note 2) VDR 15| — | — V | Device in SLEEP mode
VoD start voltage to
guarantee Power-On Reset VPOR | — | Vss | — V | See section on Power-On Reset for details
VDD rise rate to guarantee
Power-On Reset Svob [0.05*| — | — | V/ms |See section on Power-On Reset for details
Supply Current (Note 1) Ibp XT and RC options (Note 4)
— | 05 mA | FosC =2 MHz, Vobp = 5.5V
LP option, Commercial
— 11 | 27 | pA |Fosc =32 kHz, VbD = 2.5V WDT disabled
LP option, Industrial
14 | 35 | nA |Fosc =32 kHz, Vpp = 2.5V WDT disabled
Power Down Current (Note 3) | IPD
WDT enabled —_ 25 | 12 | pA |VDD = 2.5V, Commercial
— 3.5 | 14 | pA | VDD = 2.5V, Industrial
WDT disabled — |025| 4 uA | VDD = 2.5V, Commercial
— | 03| 5 LA | VDD = 2.5V, Industrial
* These parameters are characterized but not tested.

1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only

and are not tested.

Note 1: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.
2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on
the current consumption.

a) The test conditions for all IbD measurements in active operation mode are:
OSC1=external square wave, from rail to rail; all I/O pins tristated, pulled to Vbb, TOCKI = VDD,

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.

3: 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-impedance state and tied to VbD and Vss.
4: RC mode does not include current through Rext. The current through the resistor can be estimated by the

formula:

IR = Voo/2Rext (mA) with Rext in kOhm.

DS30236A-page 2-146

© 1995 Microchip Technology Inc.



Enhanced PIC16C5X

TABLE 9-5: DC CHARACTERISTICS: PIC16C54A-04 (COMMERCIAL, INDUSTRIAL)

PIC16LC54A-04 (COMMERCIAL, INDUSTRIAL)
PIC16C54A-10 (COMMERCIAL, INDUSTRIAL)
PIC16C54A-20 (COMMERCIAL, INDUSTRIAL)

Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40:C <TA< +12§°C for automotive,
POWER SUPPLY PINS -4!0 C <TA< +85.C for industrial 'and
o°C < TA £+70°C for commercial
Operating voltage VDD = 4.0V to 6.0V
Characteristic Sym Min Typt Max Units Conditions
Input Low Voltage
1/0 ports ViL Vss 0.2 Vop V | Pin at hi-impedance
MCLR Vss 0.15 Vbp \'
TOCKI Vss 0.15 Vop v
0OSC1 Vss 0.15 Vpo V| RC option only (Note 4)
OSC1 Vss 0.3 VoD V | XT, HS and LP options
Input High Voltage
1/0 ports VIH 0.2Vop+1V VDD V | For all VoD (Note 5)
20 Vbp V  [4.0V < VDD <5.5V (Note 5)
MCLR 0.85 Vop Voo \
TOCKI 0.85 Vop VoD \
OSC1 0.85 Voo Vbb V' | RC option only (Note 4)
OSCH 0.7 Vo VDD V' |XT, HS and LP options
Input Leakage Current For VDD <5.5V
(Note 3)
1/O ports I -1 0.5 +1 HA |Vss <VPINS VDD
Pin at hi-impedance
MCLR -5 HA [ VPIN = Vss +0.25V (Note 2)
MCLR 0.5 +5 MA VPN = VDD (Note 2)
TOCKI -3 0.5 +3 MA [Vss < VPIN< VDD
OSC1 -3 0.5 +3 MA | Vss < VPIN< VDD
XT, HS and LP options
Output Low Voltage
1/0O ports VoL 0.6 V |loL=8.7 mA, VoD = 4.5V
0OSC2/CLKOUT
(RC option only) 0.6 V |loL=1.6 mA, VDD = 4.5V
Output High Voltage
1/0 ports (Note 4) VOH VbDp-0.7 V |IoH =-5.4 mA, VDD = 4.5V
0OSC2/CLKOUT
(RC option only) VpD-0.7 V |loH =-1.0 mA, VDD = 4.5V
1 Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.
Note 1: Total power dissipation as stated under absolute maximum ratings must not be exceeded.

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

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

4: In RC oscillator mode, the OSC1/CLKIN pin is a Schmitt Trigger input. Do not drive the PIC16C54A with an
external clock in RC mode.

5: The user may use better of the two specifications.
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9.2 Timing Diagrams and Specifications

FIGURE 9-1: LOAD CONDITIONS

Pin E—-—_LCL
T

Vss

CL =50 pF for all pins except OSC2
15 pF for OSC2 in XT, HS or
LP modes when external clock
is used to drive OSC1.
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FIGURE 9-2: EXTERNAL CLOCKTIMING

. Q4 . Qt . Q2 . Q3 . Q4 . Qi .
0sC1 w £ : 3 S '
. — | — :<3>_‘ -3 ——t4~<-—>4:<—

CLKOUT \ /

TABLE 9-6: EXTERNAL CLOCKTIMING REQUIREMENTS

Parameter Sym Characteristic Min | Typt Max Units | Conditions
No.
Fosc External CLKIN Frequency DC — 4 MHz | XT and RC osc mode
(Note 1) DC — 4 MHz | HS osc mode (PIC16C5XA-04)
DC — 10 MHz | HS osc mode (PIC16C5XA-10)
DC — 20 MHz | HS osc mode (PIC16C5XA-20)
DC — 200 kHz | LP osc mode
Oscillator Frequency DC — 4 MHz | RC osc mode
(Note 1) 01| — 4 MHz | XT osc mode
4 - 4 MHz |HS osc mode (PIC16C5XA-04)
4 — 10 MHz | HS osc mode (PIC16C5XA-10)
4 — 20 MHz | HS osc mode (PIC16C5XA-20)
5 —_ 200 kHz |LP osc mode
1 Tosc External CLKIN Period 250 —_ —_ ns | XT and RC osc mode
(Note 1) 250 | — — ns | HS osc mode (PIC16C5XA-04)
100 —_ - ns | HS osc mode (PIC16C5XA-10)
50 —_ — ns | HS osc mode (PIC16C5XA-20)
5.0 — —_ us | LP osc mode
Oscillator Period 250 — - ns | RC osc mode
(Note 1) 250 | — | 10,000 | ns |XT osc mode
250 —_ 250 ns | HS osc mode (PIC16C5XA-04)
100 — 250 ns | HS osc mode (PIC16C5XA-10)
50 — 250 ns | HS osc mode (PIC16C5XA-20)
5 — 200 us | LP osc mode
2 Tey Instruction Cycle Time (Note 1) 1.0 — DC us
3 TosL, TosH | Clock in (OSC1) Low or High Time 50 — — ns | XT oscillator
2.5 —_ — us | LP oscillator
10 — —_ ns | HS oscillator
4 TosR, TosF | Clock in (OSC1) Rise or Fall Time 25 — — ns | XT oscillator
50 -— — ns | LP oscillator
15 —_ —_ ns | HS oscillator

1 Data in *Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.

Note 1: Instruction cycle period (TCY) equals four times the input oscillator time-base period. All specified values are
based on characterization data for that particular oscillator type under standard operating conditions with the
device executing code. Exceeding these specified limits may result in an unstable oscillator operation and/or
higher than expected current consumption. All devices are tested to operate at “min." values with an external
clock applied to the OSC1/CLKIN pin.

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices.
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FIGURE 9-3: CLKOUT AND V/O TIMING

Q4 : Q1 : Q2 : Q3 :
. L4y .
e 10 -— .

CLKOUT

i

/O Pin e k
(input) I A

zgt';m) old value . X

—» =20, 21

new value

Note: All tests must be done with specified capacitive loads (see datasheet) 50 pF on I/O pins and CLKOUT.

TABLE 9-7:  CLKOUT AND /O TIMING REQUIREMENTS

Parameter | Sym Characteristic Min Typt Max Units | Conditions
No.
10 TosH2ckL [ OSC1T to CLKOUTY — 15 30 ns Note 1
1 TosH2ckH | OSC1T to CLKOUTT — 15 | 30 ns Note 1
12 TckR CLKOUT rise time —_ 5 15 ns Note 1
13 TckF CLKOUT fall time ) —_ 5 15 ns Note 1
14 TekL2ioV CLKOUT! to Port out valid —_ — | 0.5Tcy+20| ns Note 1
15 TioV2ckH | Port in valid before CLKOUTT 0.25 Tcy+25 | — — ns Note 1
16 TekH2iol Port in hold after CLKOUTT 0 — o ns Note 1
17 TosH2ioV | OSC1T (Q1 cycle) to Port out valid — — 80 - 100 ns Note 2
18 TosH2iol 0OSC17T (Q2 cycle) to Port input invalid
(/O in hold time) TBD — — ns
19 TioV2osH | Port input valid to OSC1T
(/O in setup time) TBD — — ns
20 TioR Port output rise time - 10 25 ns Note 2
21 TioF Port output fall time — 10 25 ns Note 2
* These parameters are characterized but not tested.
1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only

and are not tested. .
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc.
2: See Figure 9-1 for loading conditions.
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FIGURE 9-4: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER TIMING

. {C
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RESET '
Watchdog . : ——\
Timer ' X . ' )
RESET . . ) :
: . . —_— 31 e
! — 34— e o
/O pin ' . . . 4
(Note 1) S :

Note 1: I/O pins must be taken out of hi-impedance mode by enabling the output drivers in software.

TABLE 9-8:  RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER

Parameter

No. Sym | Characteristic Min | Typt | Max | Units Conditions

30 TmcL | MCLR Pulse Width (low) 100 | — — ns | VoD =5V, -40°Cto +125°C

31 Twdt Watchdog Timer Timeout Period 9* 18 30* | ms |VbD=5V,-40°Cto +125°C
(No Prescaler)

32 TORT Device Reset Timer Period 9* 18* 30* | ms | VDD =5V,-40°Cto +125°C

34 Tioz | /O Hi-impedance from MCLR Low
or WDT timeout 100 | ns

These parameters are characterized but not tested.
1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only

and are not tested.
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FIGURE 9-5: TIMERO CLOCKTIMINGS

40 41 :
: 42 :
TABLE 9-9: TIMERO CLOCK REQUIREMENTS
Parameter | Sym |Characteristic Min Typt| Max | Units|Conditions
No.
40 TtOH | TOCKI High Pulse Width No Prescaler 05Tey+20% | — | — ns
With Prescaler 10* - — ns
41 TtOL {TOCKI Low Pulse Width No Prescaler 05TCcy +20% | — - ns
With Prescaler 10* —_— — ns
42 TtOP | TOCKI Period TCY + 40* - | — ns [N = prescale vaiue
N 1,2, 4, ..., 256)
* These parameters are characterized but not tested.

t Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.
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10.0 ELECTRICAL CHARACTERISTICS FOR PIC16CR57A

10.1  Absolute Maximum Ratings'

Ambient temperature under bias -55°Cto +125°C
Storage temperature.......... -65°C to +150°C
Voltage on VDD with respect to Vss 0to +7.5V
Voltage on MCLR with respect to Vss 0to +14V
Voltage on all other pins with respect to Vss -0.6V to (VoD + 0.6V)
Total power dissipation (Note 1) 800 mW
Max. current out of Vss pin 150 mA
Max. current into VoD pin 100 mA
Max. current into an input pin (TOCKI only) 500 pA
Input clamp current, Ik (VI < 0 or VI > VbD) 120 mA
Output clamp current, lok (VO < 0 or VO > VbD) 120 mA
Max. output current sunk by any I/O pin 25 mA
Max. output current sourced by any 1/O pin.. 20 mA
Max. output current sourced by a single I/O port

PORTA 50 mA

PORTBor C 100 mA
Max. Output Current sunk by a single I/0 port

PORTA 50 mA

PORTB or C ....100 mA

Note 1: Total power dissipation should not exceed 800 mW for the package. Power dissipation is calculated as fol-
lows:

Pdis = VDD x {IDD - X, IoH} + X, {(VDD-VOH) x IoH} + (VoL x loL)

"extended penods may affect device rellablllty
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TABLE 10-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)

0osC 16CR57A-04

RC |VpbD: 25V1t06.25V

Iop: 3.3mAMaxat5.5V

IPD: 9 pA max. at 3.0V
WDT dis

Freq: 4 MHz max.

XT |VpbD: 2.5V t06.25V

Ipp: 3.3 mA max. at 5.5V

IPD: 9 pA max. at 3.0V

WDT dis

4 MHz max.

16CR57A-10 16CR57A-20 16LCR57A-04

. 4.5V to 5.5V
IDD: 20 mA max. at 5.5V
IPD: 9 pAmax. at 3.0V
WDT dis
: 20 MHz Max

Iob: 10 mA max. at 5.5V
IPD: 9 pA max. at 3.0V
WDT dis

: 10 MHz max.

VpDp: 2.5V to 6.25V

Ipp: 32 pA max. at 32 kHz,
2.5V

IPD: 9 pA max. at 2.5V
WDT dis

Freq: 200 kHz max.

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications. It is recom-

mended that the user select the device type that guarantees the specifications required.
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TABLE 10-2: DC CHARACTERISTICS: PIC16CR57A-04 (COMMERCIAL, INDUSTRIAL)

PIC16CR57A-10 (COMMERCIAL, INDUSTRIAL)
PIC16CR57A-20 (COMMERCIAL, INDUSTRIAL)

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +125°C for automotive,

gg‘;:: gﬁg;fs I;L'gs -10’0 < TA < +85°C for industrial .and
0°C < TA £ +70°C for commercial
Operating voltage: VDD = 4.0V to 6.0V
Characteristic Sym | Min | yypt | Max | Units Conditions
Supply Voltage Vbp 2.5 - 18251 V [IXT RC and LP osc configuration
4.5 5.5 | V |HS osc configuration
RAM Data Retention VDR 1.5 —_— - V | Device in SLEEP mode
Voltage (Note 1)
VDD start voltage to VPOR | — [ Vss | — V | See section on Power-On Reset for details
guarantee Power-On Reset
VDD rise rate to guarantee SvoD |0.05*| — | — | V/ms |See section on Power-On Reset for details
Power-On Reset
Supply Current (Note 2) Iop XT and RC options (Note 4)

18 | 3.3 | mA |Fosc =4 MHz, Vop =5.5V
HS option

48 | 10 | mA |Fosc =10 MHz, VDD = 5.5V
9.0 | 20 | mA |Fosc =20 MHz, VoD = 5.5V
LP osc option, Commercial

15 | 32 | pA |Fosc =32 kHz, Vop = 3.0V, WDT disabled
LP option, Industrial
19 | 40 | pA |FoscC =32 kHz, VoD = 3.0V, WDT disabled
Power Down Current (Note 3) IPD
WDT enabled — 4 12 | pA | VDD = 3.0V, Commercial
— 5 14 | pA |VDD = 3.0V, Industrial
WDT disabled — | 06| 9 uA |{VoD = 3.0V, Commercial
—_ 0.8 | 12 | pA | VoD = 3.0V, Industrial

*

1.

Note 1:

These parameters are characterized but not tested.

Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested. )

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

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

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

OSC1=external square wave, from rail to rail; all /O pins tristated, pulled to Vbp, TOCKI = VDD,

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.

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-impedance state and tied to VbD and Vss.
RC mode does not include current through Rext. The current through the resistor can be estimated by the
formula:

IR = Voo/2Rext (mA) with Rext in kOhm.
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TABLE 10-3: DC CHARACTERISTICS: PIC16LCR57A-04 (COMMERCIAL, INDUSTRIAL)

Standard Operating Conditions (unless otherwise stated)

Operating temperature

-40°C < TA < +125°C for automotive,

ggﬁg: gﬁg;EYR IgI‘I'ngs -40°C < TA < +85°C for industrial and
o°C < TA < +70°C for commercial
Operating voltage: VDD = 4.0V to 6.0V
Characteristic Sym | Min | ypt | Max | Units Conditions

Supply Voltage VbD 25 | — [6.25] V |XT, RC and LP osc configuration
RAM Data Retention VDR 15| — | — V | Device in SLEEP mode
Voltage (Note 1)
VoD start voltage to VPOR | — | Vss | — V | See section on Power-On Reset for details
guarantee Power-On Reset
VDD rise rate to guarantee Svbb | 0.05*| — | — | V/ms | See section on Power-On Reset for details
Power-On Reset
Supply Current (Note 2) Iop XT and RC options (Note 4)

1.8 | 3.3 | mA |Fosc=4MHz, Vbp = 5.5V

LP osc option, Commercial
15 | 32 | pA |Fosc=32kHz, VoD = 2.5V, WDT disabled
LP option, Industrial

19 | 40 | pA |Fosc=32kHz, Vbp = 2.5V, WDT disabled
Power Down Current (Note 3)
WDT enabled IPD — 4 12 | pA | VDD = 2.5V, Commercial

— 5 14 | pA | VDD = 2.5V, Industrial
WDT disabled —_ 06 | 9 pA | VDD = 2.5V, Commercial
— | 0.8 | 12 | pA |VbD =25V, Industrial
* These parameters are characterized but not tested.
1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only

and are not tested.

Note 1: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.
2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on
the current consumption.

a) The test conditions for all Ibb measurements in active operation mode are:
OSC1=external square wave, from rail to rail; all /O pins tristated, pulled to Vbb, TOCKI = Vbp,

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.

3: 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-impedance state and tied to VbD and Vss.
4: RC mode does not include current through Rext. The current through the resistor can be estimated by the

formula:

IR = Voo/2Rext (mA) with Rext in kOhm.
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TABLE 10-4: DC CHARACTERISTICS: PIC16CR57A-04 (COMMERCIAL, INDUSTRIAL)
PIC16LCR57A-04 (COMMERCIAL, INDUSTRIAL)
PIC16CR57A-10 (COMMERCIAL, INDUSTRIAL)
PIC16CR57A-20 (COMMERCIAL, INDUSTRIAL)

Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature »40:C <TA< +12§°C for autorr_:otive,
POWER SUPPLY PINS -40°C  <TA< +85°C for industrial .and
0°C < TA £ +70°C for commercial
Operating voltage VDD = 4.0V to 6.0V
Characteristic Sym Min Typt Max Units Conditions
Input Low Voltage
1/0 ports ViL Vss 0.2 Vbp V | Pin at hi-impedance
MCLR Vss 0.15 VbD \"
TOCKI Vss 0.15 VoD \
0SC1 Vss 0.15 VoD V| RC option only (Note 4)
OSC1 Vss 0.3 VbD V | XT, HS and LP options
Input High Voltage
1/0 ports 0.45 Vop VDD V | For all VoD (Note 5)
20 VoD V. 14.0V < VoD 5.5V (Note 5)
0.36 VoD Vob V.  |Vobp> 5.5V
MCLR 0.85VDD VoD Vv
TOCKI 0.85 Vop VoD V| RC option only (Note 4)
0sC1 0.85 Voo Voo V' |XT, HS and LP options
0OSC1 0.7 Vob VDD \
Input Leakage Current For VDD < 5.5V
(Note 3)
/O ports hiL -1 0.5 +1 pA |Vss<VPIN< VDD
Pin at hi-impedance
MCLR -5 PA [ VPIN = Vss +0.25V (Note 2)
MCLR 0.5 +5 MA | VPIN = VDD (Note 2)
TOCKI -3 0.5 +3 MA |Vss < VPIN < VDD
OSCt -3 0.5 +3 MA |Vss < VPIN < VDD
XT, HS and LP options
Output Low Voltage
1/0O ports VoL 0.6 V |loL=8.7 mA, VDD = 4.5V
0OSC2/CLKOUT
(RC option only) 0.6 V |loL=1.6 mA, VDD = 4.5V
Output High Voltage
1/0 ports (Note 4) VOH VbD-0.7 V |loH=-5.4mA, VDD = 4.5V
0OSC2/CLKOUT
(RC option only) VbD-0.7 V [loH=-1.0mA, VDD = 4.5V
1 Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only

and are not tested.
Note 1: Total power dissipation as stated under absolute maximum ratings must not be exceeded.

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

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

4: In RC oscillator mode, the OSC1/CLKIN pin is a Schmitt Trigger input. Do not drive the PIC16C54A with an
external clock in RC mode.

5: The user may use better of the two specifications.
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10.2 Timing Diagrams an cifications

FIGURE 10-1: LOAD CONDITIONS

Pin IZI—-—%_ oL

Vss

CL =50 pF for all pins except OSC2
15 pF for OSC2 in XT, HS or
LP modes when external clock
is used to drive OSC1.
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FIGURE 10-2: EXTERNAL CLOCKTIMING

. Q4 . Qt . Q2 . Q3 . Q4 . Q1 .
osct p y ; y
CLKOUT \ /—
TABLE 10-5: EXTERNAL CLOCKTIMING REQUIREMENTS
Parameter Sym Characteristic Min | Typt Max | Units | Conditions
No.
Fosc External CLKIN Frequency DC — 4 MHz | XT and RC osc mode
(Note 1) DC — 4 MHz | HS osc mode (PIC16C5XA-04)
DC — 10 MHz | HS osc mode (PIC16C5XA-10)
DC — 20 MHz | HS osc mode (PIC16C5XA-20)
DC — 200 kHz | LP osc mode
Oscillator Frequency DC - 4 MHz | RC osc mode
(Note 1) 0.1 — 4 MHz | XT osc mode
4 — 4 MHz | HS osc mode (PIC16C5XA-04)
4 — 10 MHz | HS osc mode (PIC16C5XA-10)
4 —_ 20 MHz | HS osc mode (PIC16C5XA-20)
5 — 200 kHz | LP osc mode
1 Tosc External CLKIN Period 250 - — ns | XT and RC osc mode
(Note 1) 250 — — ns |HS osc mode (PIC16C5XA-04)
100 — — ns | HS osc mode (PIC16C5XA-10)
50 — — ns | HS osc mode (PIC16C5XA-20)
5.0 — — us | LPosc mode
Oscillator Period 250 — — ns | RC osc mode
(Note 1) 250 | — | 10,000| ns |XTosc mode
250 —_ 250 ns | HS osc mode (PIC16C5XA-04)
100 — 250 ns | HS osc mode (PIC16C5XA-10)
50 — 250 ns | HS osc mode (PIC16C5XA-20)
5 —_ 200 ps | LP osc mode
2 Tey Instruction Cycle Time (Note 1) 1.0 — DC us
3 TosL, TosH | Clock in (OSC1) Low or High Time 50 — — ns | XT oscillator
2.5 — — us | LP oscillator
10 — — ns | HS oscillator
4 TosR, TosF | Clock in (OSCH1) Rise or Fall Time 25 — — ns | XT oscillator
50 — — ns | LP oscillator
15 —_ - ns | HS oscillator
1t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.

Note 1: Instruction cycle period (TCY) equals four times the input oscillator time-base period. All specified values are based on
characterization data for that particular oscillator type under standard operating conditions with the device executing code.
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con-
sumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1/CLKIN pin.
When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices.
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FIGURE 10-3: CLKOUT AND /O TIMING
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Note: All tests must be done with specified capacitive loads (see datasheet) 50 pF on I/O pins and CLKOUT.

TABLE 10-6: CLKOUT AND VO TIMING REQUIREMENTS

Parameter
No. Sym Characteristic Min Typt Max Units | Conditions
10 TosH2ckL |OSC1T to CLKOUTY —_ 15 30 ns Note 1
1 TosH2ckH |OSC17T to CLKOUTT — 15 30 ns Note 1
12 TckR CLKOUT rise time — 5 15 ‘ns Note 1
13 TekF CLKOUT fall time —_ 5 15 ns Note 1
14 TckL2ioV | CLKOUT! to Port out valid — — | 0.5Tcy+20| ns Note 1
15 TioV2ckH | Port in valid before CLKOUTT 0.25 Tcy+25 | — — ns Note 1
16 TekH2iol Port in hold after CLKOUTT 0 —_ — ns Note 1
17 TosH2ioV | OSC1T (Q1 cycle) to Port out valid - — 80-100 ns Note 2
18 TosH2iol 0SC1T (Q2 cycle) to Port input invalid
(/O in hold time) TBD — —_ ns
19 TioV2osH | Port input valid to OSC1T (/0 in setup
time) T8D — — ns
20 TioR Port output rise time — 10 25 ns Note 2
21 TioF Port output fall time _— 10 25 ns “ Note 2
* These parameters are characterized but not tested.
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.

Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc.
2: See Figure 10-1 for loading conditions.
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FIGURE 10-4: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER TIMING
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Note 1: I/O pins must be taken out of hi-impedance mode by enabling the output drivers in software.

TABLE 10-7: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER
Parameter Sym | Characteristic Min Typt Max | Units Conditions
No.
30 TmcL | MCLR Pulse Width (low) 100 — — ns | VDD =5V, -40°C to +125°C
31 Twdt | Watchdog Timer Timeout Period 9* 18 30* ms | VDD =5V, -40°C to +125°C
(No Prescaler)

32 ToRT | Device Reset Timer Period 9* 18* 30* ms | VDD =5V, -40°C to +125°C
34 Tioz | /O Hi-impedance from MCLR Low 100 ns

* These parameters are characterized but not tested.

1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.
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FIGURE 10-5: TIMERO CLOCKTIMINGS

TOCKI M
40 o 41 .
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TABLE 10-8: TIMERO CLOCK REQUIREMENTS
Parameter
No. Sym |Characteristic . Min Typt| Max | Units|Conditions
40 TtOH | TOCKI High Pulse Width No Prescaler 05Tcy +20%| — | — ns
With Prescaler . 10* — —_ ns
41 TtOL | TOCKI Low Pulse Width No Prescaler 05Tcy +20| — | — ns
With Prescaler 10" e ns
42 TtOP | TOCKI Period Tcy + 40* — — ns |N = prescale value
N (1, 2,4, ..., 256)
* These parameters are characterized but not tested.
1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.
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11.0 ELECTRICAL CHARACTERISTICS FOR PIC16C58A/CR58A
11.1  Absolute Maximum Ratings'’

Ambient temperature Under Bias -55°Cto +125°C
Storage temperature ... -65°Cto +150°C
Voltage on VDD with respect to Vss ...0to +7.5V
Voltage on MCLR with respect to Vss 0to +14V
Voltage on all other pins with respect to Vss -0.6V to (VoD + 0.6V)
Total power dissipation (Note 1) 800 mW
Max. current out of Vss pin 150 mA
Max. current into VDD pin 100 mA
Max. current into an input pin (TOCKI only) 1500 pA
Input clamp current, lix (VI < 0 or VI > VbD) 20 mA
Output clamp current, lok (VO < 0 or VO > VDD) 120 mA
Max. output current sunk by any 1/O pin 25 mA
Max. output current sourced by any I/O pin 20 mA
Max. output current sourced by a single I/O port

PORTA 50 mA

PORTB 100 mA
Max. Output Current sunk by a single /O port

PORTA . ettt et e e e s e s e et sa s s e e et e s e st e s et e st eaeseene e eee e eas et seassaese st aesbeseentsenneententaseeneeneree 50 mA

PORTB ...t eete et eee e et e s e sae e e st e e asem e s et e s e sassases e ssaestensesese e sae et s e aasaesessasersseentssesaesseeneennenencs 100 mA

Note 1: Total power dissipation should not exceed 800 mW for the package. Power dissipation is calculated as fol-
lows:

Pdis = VDD x {IDD - 3, IOH} + X {(VDD-VOH) x loH} + X(VOL x loL)

TICE: Stresses above those listed under "Maximum Ratings® may ca
s a stress rating only and functional operation of the device :

cated in the operation listings of this specuﬁcauon is not tmplled.
extenided periods may affect device reliability. -
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TABLE 11-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)

osc 16C58A-04 16c58A-10 | 16C58A-20 | 16LC58A-04

RC |VbD: 3.0Vto6.25V 2!

Iop: 2.5 mA max. at 5.5V

IPD: 4 uA max. at 3.0V
WDT dis

Freq: 4 MHz max.

XT |VoD: 3.0Vto6.25V

Ipp: 2.5 mA max. at 5.5V

IPD: 4 pA max. at 3.0V

WDT dis

4 MHz max.

VDD: 4.5V to 5.5V VoD: 4.5V to 5.5V

HS
DD: 8 mAmax. at 5.5V lop: 17 mA max. at 5.5V
PD: 4 pA max. at 3.0V IPD: 4 pA max. at 3.0V
WDT dis WDT dis
: 10 MHz max Freq: 20 MHz max
LP VDD: 2.5V to 6.25V
IpD: 28 pA max. at 32 kHz,
2.5V
IPD: 4 pA max. at 2.5V
WDT dis

eq: 200 kH Freq: 200 kHz max.
The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications. It is recom-

mended that the user select the device type that guarantees the specifications required.
TABLE 11-2: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) CON'T

osc 16CR58A-04 16CR58A-10 | 16CR58A-20 |  16LCR58A-04

RC |VpD: 3.0V to 6.25V

Ipp: 2.5 mA max. at 5.5V

IPD: 4 pA max. at 3.0V

WDT dis

Freq: 4 MHz max.

XT |Vob: 3.0V to 6.25V

Iob: 2.5 mAmax. at 5.5V -

IPD: 4 pAmax. at 3.0V
WDT dis

q: 4 MHz Max

VDD: 4.5V to 5.5V
DD: 8 mAmax. at 5.5V
PD: 4 pAmax. at 3.0V
WDT dis

HS VoD: 4.5V to 5.5V
Ipp: 17 mA max. at 5.5V
IPD: 4 A max. at 3.0V
WDT dis

M

LP VoD: 2.5V to 6.25V

lop: 28 pA max. at 32 kHz,
2.5V

IPD: 4 pAmax. at 2.5V
WDT dis

Freq: 200 kHz max.

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications. It is recom-

mended that the user select the device type that guarantees the specifications required.
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TABLE 11-3: DC CHARACTERISTICS: PIC16C58A-04 (COMMERCIAL, INDUSTRIAL)
PIC16CR58A-04 (COMMERCIAL, INDUSTRIAL)

Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40:C <TA< +12:.5°C for autorr)otive,
POWER SUPPLY PINS -10 C <TaA< +85.C for industrial .and
o°C < TA £ 4+70°C for commercial
Operating voltage: VDD = 4.0V to 6.0V
Characteristic Sym | Min | 1ypt [ Max| Units Conditions

Supply Voltage VDD 3.0 | — |6.25| V |XT, RCand LP osc configuration
RAM Data Retention VDR 15 | — | — V | Device in SLEEP mode
Voltage (Note 1)
VDD start voltage to VPOR — | Vss | — V | See section on Power-On Reset for details
guarantee Power-On Reset
VDD rise rate to guarantee Svbp | 0.05*| — | — | V/ms | See section on Power-On Reset for details
Power-On Reset
Supply Current (Note 2) Iop XT and RC options (Note 4)

19 | 25 | mA |Fosc =4 MHz, Vbb =5.5V

LP osc option, Commercial
15 pA | Fosc =32 kHz, VDD = 3.0V, WDT disabled
LP option, Industrial

18 pA | Fosc = 32 kHz, VoD = 3.0V, WDT disabled
Power Down Current (Note 3) | IPD
WDT enabled — 4 12 | pA | VoD = 3.0V, Commercial

— 5 14 | pA | VDD = 3.0V, Industrial
WDT disabled — |025]| 4 uA [ VDD = 3.0V, Commercial
— [ 03] 5 HA | VoD = 3.0V, Industrial
* These parameters are characterized but not tested.
1 Data in *Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only

and are not tested.

Note 1: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.
2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on
the current consumption.

a) The test conditions for all Ibb measurements in active operation mode are:
OSC1i=external square wave, from rail to rail; all I/O pins tristated, pulled to Vbp, TOCKI = VDD,

MCLR = VpD; WDT enabled/disabled as specified.

b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP

mode.

3: 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-impedance state and tied to VbD and Vss.
4: RC mode does not include current through Rext. The current through the resistor can be estimated by the

formula:

IR = Voo/2Rext (mA) with Rext in kOhm.

© 1995 Microchip Technology Inc.
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TABLE 11-4: DC CHARACTERISTICS: PIC16C58A-10 (COMMERCIAL, INDUSTRIAL)
PIC16C58A-20 (COMMERCIAL, INDUSTRIAL)
PIC16CR58A-10 (COMMERCIAL, INDUSTRIAL)
PIC16CR58A-20 (COMMERCIAL, INDUSTRIAL)

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +125°C for automotive,
-40°C < TA<+85°C for industrial and
0°C. < TA < +70°C for commercial
Operating voltage: VDD = 4.0V to 6.0V

DC CHARACTERISTICS
POWER SUPPLY PINS

Characteristic Sym | Min | yypt | Max | Units - Conditions

Supply Voltage VoD 30 | — |6.25| V |XT, RCand LP osc configuration
4.5 5.5 HS osc configuration )
RAM Data Retention
Voltage (Note 1) VDR 156 | — | — V | Device in SLEEP mode
VDD start voltage to
guarantee Power-On Reset VPOR — | Vss | — V | See section on Power-On Reset for details
VDD rise rate to guarantee
Power-On Reset Svbb [0.05*| — | — | V/ms | See section on Power-On Reset for details
Supply Current (Note 2) oD XT and RC options (Note 4)
- 1.8 mA |Fosc =4 MHz, Vbp = 5.5V
HS option

25| 8 | mA |Fosc=10MHz, Vobp = 5.5V
47 | 17 | mA |Fosc =20 MHz, Vbp = 5.5V

Power Down Current (Note 3) IPD
WDT enabled — 4 12 | pA | VDD = 3.0V, Commercial
— 5 14 | pA | VDD = 3.0V, Industrial
WDT disabled — 1025| 4 pA | VDD = 3.0V, Commercial
— 03| 5 pA | VDD = 3.0V, Industrial
* These parameters are characterized but not tested.

1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.
Note 1: . This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.
2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on
the current consumption.

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

OSC1=external square wave, from rail to rail; all /O pins tristated, pulled to Vbp, TOCKI = Vop,

MCLR = Vbp; WDT enabled/disabled as specified.

b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP
mode.

3: 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-impedance state and tied to VbD and Vss.

4: RC mode does not include current through Rext. The current through the resistor can be estimated by the
formula:
IR = Voo/2Rext (mA) with Rext in kOhm.

DS30236A-page 2-166 © 1995 Microchip Technology Inc.



Enhanced PIC16C5X

TABLE 11-5: DC CHARACTERISTICS: PIC16LC58A-04 (COMMERCIAL, INDUSTRIAL)
PIC16LCR58A-04 (COMMERCIAL, INDUSTRIAL)

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +125°C for automotive,
-40°C < TA < +85°C for industrial and
o°C < TA £ +70°C for commercial
Operating voltage: VDD = 4.0V to 6.0V

DC CHARACTERISTICS
POWER SUPPLY PINS

Characteristic Sym | Min | qypt [ Max| Units Conditions
Supply Voltage VDD 2.5 - |6.25] V |XT, RC and LP osc configuration
RAM Data Retention
Voltage (Note 1) VDR 15 [ — | — V | Device in SLEEP mode
VDD start voltage to
guarantee Power-On Reset VPOR | — | Vss | — V | See section on Power-On Reset for details
VDD rise rate to guarantee
Power-On Reset Svbb [0.05*| — | — | V/ms | See section on Power-On Reset for details
Supply Current (Note 2) Ibp XT and RC options (Note 4)
0.5 mA | Fosc = 2 MHz, Vbp = 5.5V

LP option, Commercial

12 | 28 | pA |Fosc =32 kHz, Vbp = 2.5V, WDT disabled
LP option, Industrial
15 | 37 | WA |Fosc = 32 kHz, Vbp = 2.5V, WDT disabled
Power Down Current (Note 3) IPD
WDT enabled — | 25 | 12 | pA | VDD = 2.5V, Commercial
— | 35| 14 | pA | VDD = 2.5V, Industrial
WDT disabled — |025] 4 MA | VDD = 2.5V, Commercial
— [ 03| 5 pA | VDD = 2.5V, Industrial
* These parameters are characterized but not tested.
1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only

and are not tested.
Note 1: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.
: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on
the current consumption.

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

OSC1=external square wave, from rail to rail; all I/O pins tristated, pulled to Vbp, TOCKI = VDD,

MCLR = Vbp; WDT enabled/disabled as specified.

b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP
mode.

3: 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-impedance state and tied to VbD and Vss.

4: RC mode does not include current through Rext. The current through the resistor can be estimated by the
formula:
IR = Voo/2Rext (mA) with Rext in kOhm.
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TABLE 11-6: DC CHARACTERISTICS: PIC16C58A-04 (COMMERCIAL, INDUSTRIAL)
PIC16LC58A-04 (COMMERCIAL, INDUSTRIAL)
PIC16C58A-10 (COMMERCIAL, INDUSTRIAL)
PIC16C58A-20 (COMMERCIAL, INDUSTRIAL)
PIC16CR58A-04 (COMMERCIAL, INDUSTRIAL)
PIC16L.CR58A-04 (COMMERCIAL, INDUSTRIAL)
PIC16CR58A-10 (COMMERCIAL, INDUSTRIAL)
PIC16CR58A-20 (COMMERCIAL, INDUSTRIAL)

Standard Operating Conditions (unless otherwise stated)
DC CHARAGTERISTICS Operating temperature -40‘:C <TA< +12§'C for automotive,
POWER SUPPLY PINS -40°C  <Ta< +85.C for industrial .and
‘ o°C < TA £ +70°C for commercial
1 Operating voltage VDD = 4.0V to 6.0V
Characteristic Sym Min Typt Max Units Conditions
Input Low Voltage
1/O ports ViL Vss 0.2 Vop V | Pin at hi-impedance
MCLR Vss 0.15 Vop \"
| TOCKI Vss 0.15 Vop \
0OSC1 Vss 0.15 Vop V | RC option only (Note 4)
0OSC1 Vss 0.3 Vbp V[ XT, HS and LP options
Input High Voltage
1/O ports 0.45 VoD VoD V | For all Vop (Note 5)
20 VoD V' 14.0V < VDob< 5.5V (Note 5)
0.36 Vob Vob V' |Vop> 5.5V
MCLR 0.85 Vop Vop \'%
TOCKI 0.85Vob VoD V| RC option only (Note 4)
0SsC1 0.85 VoD VDD V' | XT, HS and LP options
0OSC1 0.7 Vop VbD \'
Input Leakage Current For VDD < 5.5V
(Note 3)
1/0 ports L -1 0.5 +1 pA |[VSsS<VPIN< VDD
Pin at hi-impedance
MCLR - -5 MA | VPIN = Vss +0.25V (Note 2)
MCLR 0.5 +5 pA | VeiN = VDD (Note 2)
TOCKI -3 0.5 +3 MA |Vss < VPIN <.VDD
OscC1 : -3 0.5 +3 MA |Vss < VPIN < VDD
XT, HS and LP options
Output Low Voltage
1/O ports VoL 0.6 V |loL=8.7 mA, VDD = 4.5V
OSC2/CLKOUT
(RC option only) 0.6 V |loL= 1.6 mA, VDD = 4.5V
Output High Voltage
1/0 ports (Note 4) VoH Vbp-0.7 V  |loH =-5.4 mA, VoD = 4.5V
OSC2/CLKOUT
(RC option only) VpD-0.7 V |loH=-1.0 mA, VDD = 4.5V

1 Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.
Note 1: Total power dissipation as stated under absolute maximum ratings must not be exceeded.

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

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

4: In RC oscillator mode, the OSC1/CLKIN pin is a Schmitt Trigger input. Do not drive the PIC16C54A with an
external clock in RC mode.

5: The user may use better of the two specifications.
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11.2 Timing Diagr: n ification

FIGURE 11-1: LOAD CONDITIONS

Pin XI— oL
T
Vss CL =50 pF for all pins except 0SC2
15 pF for OSC2 in XT, HS or
LP modes when external clock
is used to drive OSC1.
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FIGURE 11-2: EXTERNAL CLOCKTIMING
. Q4 . Q1 . Q2 . Q3 . Q4 . al .
osct ; y : : y
CLKOUT \ /

TABLE 11-7: EXTERNAL CLOCKTIMING REQUIREMENTS

Parameter Sym Characteristic Min | Typt Max | Units | Conditions
No.
Fosc External CLKIN Frequency DC —_ 4 MHz | XT and RC osc mode
(Note 1) DC —_ 4 MHz | HS osc mode (PIC16C58A-04)
DC - 10 MHz | HS osc mode (PIC16C58A-10)
DC — 20 MHz | HS osc mode (PIC16C58A-20)
DC -_— 200 kHz |LP osc mode
Oscillator Frequency DC — 4 MHz | RC osc mode
(Note 1) 01| — 4 MHz | XT osc mode
4 — 4 MHz | HS osc mode (PIC16C58A-04)
4 — 10 MHz [ HS osc mode (PIC16C58A-10)
4 — 20 MHz | HS osc mode (PIC16C58A-20)
5 —_ 200 kHz | LP osc mode
1 Tosc External CLKIN Period 250 —_ — ns | XT and RC osc mode
(Note 1) 250 —_ — ns | HS osc mode (PIC16C58A-04)
100 -_ —_ ns | HS osc mode (PIC16C58A-10)
50 — — ns | HS osc mode (PIC16C58A-20)
5.0 —_ — pus | LP osc mode
Oscillator Period 250 . — ns | RC osc mode
(Note 1) 250 | — | 10,000 | ns [XToscmode
250 _ 250 ns | HS osc mode (PIC16C58A-04)
100 — 250 ns | HS osc mode (PIC16C58A-10)
50 — 250 ns | HS osc mode (PIC16C58A-20)
5 — 200 pus |LP osc mode
2 Tey Instruction Cycle Time (Note 1) 0.2 —_ DC us
3 TosL, TosH | Clock in (OSC1) Low or High Time 50 —_ —_— ns | XT oscillator
2.0 - — us | LP oscillator
20 —_ —_ ns | HS oscillator
4 TosR, TosF | Clock in (OSC1) Rise or Fall Time 25 — —_ ns [ XT oscillator
50 —_ — ns | LP oscillator
25 —_ _— ns [ HS oscillator
1t Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.

Note 1: Instruction cycle period (TcY) equals four times the input oscillator time-base period. All specified values are based on
characterization data for that particular oscillator type under standard operating conditions with the device executing
code. Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current
consumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1/CLKIN pin.
When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices.
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FIGURE 11-3: CLKOUT AND VO TIMING

0OSC1

Q4

Q1

Q2 Q3

Note: All tests must be done with specified capacitive loads (see datasheet) 50 pF on I/O pins and CLKOUT.

CLKOUT AN ' ' E :
- - 13 RE I § el e 12 .
Lo . 19! | e18w e '
v :<—>. 14 B : : w16 :

1/O Pin o .

(input) o i A
17— - 15 : : :
K)Outgitrt) old value : X : X new value .
: — =20,21 . : g

TABLE 11-8: CLKOUT AND VO TIMING REQUIREMENTS
Parameter
No. Sym Characteristic Min Typt Max Units | Conditions
10 TosH2ckL |OSC1T to CLKOUT! — 15 30 ns Note 1
11 TosH2ckH | OSC1T to CLKOUTT — 15 30 ns Note 1
12 TekR CLKOUT rise time — 5 15 ns Note 1
13 TekF CLKOUT fall time — 5 15 ns Note 1
14 Tekl2ioV | CLKOUTY to Port out valid — — | 0.5Tcy+20| ns Note 1
15 TioV2ckH | Port in valid before CLKOUTT 0.25TcY+25 | — - ns Note 1
16 TekH2iol Port in hold after CLKOUTT 0 — — ns Note 1
17 TosH2ioV [ OSC1T (Q1 cycle) to Port out valid — — 80-100 ns Note 2
18 TosH2iol 0OSC1T (Q2 cycle) to Port input invalid
(IO in hold time) TBD — - ns
19 TioV2osH | Port input valid to OSC1T
(I/C in setup time) TBD — —_ ns
20 TioR Port output rise time — 10 25 ns Note 2
21 TioF Port output fall time — 10 25 ns Note 2

-

T
tested.
Note 1:

These parameters are characterized but not tested.
Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

2: See Figure 11-1 for loading conditions.

Measurements are taken in RC Mode where CLKOUT output is 4 x TosC.

© 1995 Microchip Technology Inc.
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FIGURE 11-4: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER TIMING

; )

VDD /
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»
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. I
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. 32 ' ! 32 : 32 ;
] — e e
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Internal . ”»
RESET !
Watchdog . . i !
Timer ! ' ' ' .
RESET . ' ' .
: : ‘ — 81 e
: — e R e
1/O pin . : . ' «
(Note 1) : ' .

Note 1: I/O pins must be taken out of hi-impedance mode by enabling the output drivers in software.

TABLE 11-9: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER

Parameter
No. Sym | Characteristic Min Typt Max | Units Conditions
30 TmclL | MCLR Pulse Width (low) 100 — —_ ns |VDD =5V, -40°C to +125°C
(PIC16C58A)
1 — — ns | VDD =5V, -40°C to +125°C
(PIC16CR58A)
-3 Twdt | Watchdog Timer Timeout Period 9* 18 30" ms | VDD =5V, -40°C to +125°C
(No Prescaler)
32 Tort | Device Reset Timer Period 9* 18* 30" ms | VDD =5V, -40°C to +125°C
34 Tioz | /O Hi-impedance from MCLR Low 100 | ns
* These parameters are characterized but not tested.
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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FIGURE 11-5: TIMERO CLOCK TIMINGS

TOCKI —M
40 o #“ .
: 42 :
TABLE 11-10: TIMERO CLOCK REQUIREMENTS
Parameter
No. Sym |Characteristic Min Typt| Max | Units|Conditions
40 TtOH | TOCKI High Pulse Width No Prescaler 05Tey +20* | — | — ns
With Prescaler 10" — — ns
41 TtOL {TOCKI Low Pulse Width No Prescaler 05Tey +20" | — | — ns
With Prescaler 10" — | - ns
42 TtOP | TOCKI Period TCY + 40* — I — ns [N = prescale value
N (1,2, 4, ..., 256)
* These parameters are characterized but not tested.
1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.

© 1995 Microchip Technology inc.
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NOTES:
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12.0 DC AND AC CHARACTERISTICS

The graphs and tables provided in this section are for design guidance and are not tested or guaranteed. In some
graphs or tables the data presented are outside specified operating range (e.g. outside specified \bD range). This is
for information only and devices are guaranteed to operate properly only within the specified range.

The data presented in this section is a statistical summary of data collected on units from different lots over a period of
time. "Typical" represents the mean of the distribution while "max" or "min" represents (mean + 35) and (mean - 30)
respectively where o is standard deviation.

FIGURE 12-1: TYPICAL RC OSCILLATOR FREQUENCY vs. TEMPERATURE

Fosc Frequency nommalized to +25°C AN
Fosc (25°C) /ﬁ \
1.10
Rext > 10 kQ
1.08 Cext = 100 pF
1.06 L)

1.04

1.02 (\t
1.00

0.98

VpD = 5.5V

0.96

0.94

0.92 &\
0.90 < \\
)

0.88
0 10 2%\/50 40 50 60 70
T(°C)
TABLE 12-1: RC OWF%@Q&NCIES

VoD = 3.5V

Average

Cext — Rext Fosc @ 5V,25°C
20 F</ ’—\ 3.3k 4.973 MHz +27%
> 5k 3.82 MHz +21%
10k 2.22 MHz +21%
//\\ g\ 100k 262.15 kHz +31%
N A0d pF 3.3k 1.63 MHz +£13%
5k 1.19 MHz +£13%
10k 684.64 kHz +18%
100k 71.56 kHz +25%
300 pF 3.3k 660.0 kHz +10%
5k 484.1 kHz +14%
10k 267.63 kHz +15%
160k 29.44 kHz +19%

The frequencies are measured on DIP packages.

The percentage variation indicated here is part to part variation due to normal process distribution. The variation indicated is +3 stan-
dard deviation from average value for Vbp = 5V.
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FIGURE 12-2: TYPICAL RC OSCILLATOR

FIGURE 12-3: TYPICAL RC OSCILLATOR
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FIGURE 12-5: TYPICAL IrD vs. VDD FIGURE 12-7: TYPICAL IpD vs. VDD
WATCHDOG DISABLED 25°C WATCHDOG ENABLED 25°C
25 20
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FIGURE 12-6: MAXIMUM IPD vs. VDD I 128+ MAXIMUM IPD vs. VDD
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IPD, with WDT enabled, has two components:
The leakage current which increases with higher temperature,
and the operating current of the WDT logic which increases
with lower temperature. At -40°C, the latter dominates
explaining the apparently anomalous behavior.
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FIGURE 12-9: VTH (INPUT THRESHOLD VOLTAGE) OF I/O PINS vs. VDD
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FIGURE 12-11: VTH puguﬁuésﬁpﬁn VOLTAGE) OF /O PINS vs. VoD

r7a1

3 £

N
S

22
2.0 T e

1.8
1.6
1.4
1.2
1.0

2.0

VIH, VIL (Volts)

1.5

o8 C)

AC

VTH (Volts)

25 3.0 3.5 4.0 4.5 5.0 5.5 6.0
VDD (Volts)

DS30236A-page 2-178 Preliminary © 1995 Microchip Technology Inc.



Enhanced PIC16C5X

FIGURE 12-12: TYPICAL Ipp vs. FREQUENCY (EXTERNAL CLOCK 25°C)
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FIGURE 12-14: MAXIMUM Ipb vs. FREQUENCY (EXTERNAL CLOCK -55°C TO +125°C)
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FIGURE 12-15: WDT TIMER TIME-OUT FIGURE 12<16: TRANSCONDUCTANCE (gm)
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FIGURE 12-17: TRANSCONDUCTANCE (gm) FIGURE 12-19: TRANSCONDUCTANCE (gm)
OF LP OSCILLATOR vs. VbD OF XT OSCILLATOR vs. VbD
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FIGURE 12-21: loL vs. VoL, VDD = 3V FIGURE 12-22: loL vs. VoL, VDD =5V
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13.0 DEVELOPMENT SUPPORT
13.1 Development Tools

The PIC16/17 microcontrollers are supported with a full
range of hardware and software development tools:
« PICMASTER® Real-Time In-Circuit Emulator

¢ PRO MATE™ Universal Programmer

* PICSTART® Low-Cost Prototype Programmer

¢ PICDEM-1 Low-Cost Demonstration Board

¢ PICDEM-2 Low-Cost Demonstration Board

¢ MPASM Assembler

¢ MPSIM Software Simulator

C Compiler (MP-C)

Fuzzy logic development system
(fuzzyTECH®-MP)

13.2 PICMASTER: High Performance
Universal In-Circuit Emulator

The PICMASTER Universal In-Circuit Emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for all
microcontrollers in the PIC16C5X, PIC16CXX and
PIC17CXX families. A PICMASTER System configura-
tion is shown in Figure 13-1.

Interchangeable target probes allow the system to be
easily reconfigured for emulation of different proces-
sors. The universal architecture of the PICMASTER
allows expansion to support all new PIC16C5X,
PIC16CXX and PIC17CXX microcontrollers.

The Emulator System is designed to operate on PC
compatible 386 (and better) machines in the Microsoft
Windows™ 3.x environment. Thus, allowing the opera-
tor access to a wide range of supporting software and
accessories.

The PICMASTER has been designed as a real-time
emulation system with advanced features that are gen-
erally found on more expensive development tools. The
AT platform and Windows 3.x environment was chosen
to best make these features available to you, the end
user.

The PICMASTER Universal Emulator System consists
primarily of four major components:

¢ Host-Interface Card

¢ Emulator Control Pod

+ Target-Specific Emulator Probe

¢ PC-Host Emulation Control Software

The Windows 3.x operating system allows the devel-
oper to take full advantage of the many powerful fea-
tures and functions of the PICMASTER system.

PICMASTER emulation can operate in one window,
while a text editor is running in a second window.

PC-Host Emulation Control software takes full advan-
tage of Dynamic Data Exchange (DDE), a feature of
Windows 3.x. DDE allows data to be dynamically trans-
ferred between two or more Windows programs. With
this feature, data collected with PICMASTER can be
automatically transferred to a spreadsheet or database
program for further analysis.

Under Windows 3.x, two or more PICMASTER emula-
tors can be run simultaneously from the same PC mak-
ing development of multi-microcontroller systems
possible (e.g., a system containing a PIC16CXX pro-
cessor and a PIC17CXX processor).

The PICMASTER probes specifications are shown in
Table 13-1.

FIGURE 13-1: PICMASTER SYSTEM CONFIGURATION

5VDC In-Line

[5) Power Supply 90 - 250 VAC
(Optional) <

Windows 3.x | ¢
3

Power Switch
Power Connector

Interchangeable
Emulator Probe

PC-Interface

PICMASTER Emulator Pod

Common Interface Card
PC Compatible Computer

Logic Probes
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TABLE 13-1: PICMASTER PROBE SPECIFICATION

PROBE
PICMASTER Probe Devices Supported Maximum Operating
Frequency Voltage
PROBE-16B PIC16C71 10 MHz 4.5V -5.5V
PROBE-16C PiIC16C84 10 MHz 4.5V - 5.5V
PROBE-16D PIC16C54, PIC16C54A, PIC16CR54, PIC16C55, 20 MHz 45V -55V
PIC16C56, PIC16C57, PIC16CR57A, PIC16C58A, and
PIC16CR58A
PROBE-16E PIC16C64 10 MHz 4.5V -5.5V
PROBE-16F PIC16C65*, PIC16C73 and PIC16C74 10 MHz 4.5V -55V
PROBE-16G PIC16C61 10 MHz 4.5V - 5.5V
PROBE-16H PIC16C620, PIC16C621 and PIC16C622 10 MHz 4.5V -55V
PROBE-17A PIC17C42 16 MHz 4.5V -5.5V

* PROBE-16F indirectly supports the PIC16C65.

DS30236A-page 2-184 © 1995 Microchip Technology Inc.



Enhanced PIC16C5X

13.3 PRO MATE: Universal Programmer

The PRO MATE Universal Programmer is a full-fea-
tured programmer capable of operating in stand-alone
mode as well as PC-hosted mode.

The PRO MATE has programmable VDD and VPP sup-
plies which allows it to verify programmed memory at
VDD min and VDD max for maximum reliability. It has an
LCD display for displaying error messages, keys to
enter commands and a modular detachable socket
assembly to support various package types. In stand-
alone mode the PRO MATE can read, verify or program
PIC16C5X, PIC16CXX and PIC17CXX devices. It can
also set fuse configuration and code-protect bits in this
mode.

In PC-hosted mode, the PRO MATE connects to the PC
via one of the COM (RS-232) ports. PC based user-
interface software makes using the programmer simple
and efficient. The user interface is full-screen and
menu-based. Full screen display and editing of data,
easy selection of fuse configuration and part type, easy
selection of VDD min, VDD max and VPP levels, load and
store to and from disk files (Intel® hex format) are some
of the features of the software. Essential commands
such as read, verify, program and blank check can be
issued from the screen. Additionally, serial program-
ming support is possible where each part is pro-
grammed with a different serial number, sequential or
random.

The PRO MATE has a modular “programming socket
module”. Different socket modules are required for dif-
ferent processor types and/or package types.

PRO MATE supports all PIC16C5X, PIC16CXX and
PIC17CXX processors.

13.4 PICSTART Low-Cost Development
System

The PICSTART programmer is an easy to use, very
low-cost prototype programmer. It connects to the PC
via one of the COM (RS-232) ports. A PC-based user
interface software makes using the programmer simple
and efficient. The user interface is full-screen and
menu-based. PICSTART is not recommended for pro-
duction programming.

13.5 PICDEM-1 Low-Cost PIC16/17
Demonstration Board

The PICDEM-1 is a simple board which demonstrates
the capabilities of several of Microchip’s microcontrol-
lers. The microcontrollers supported are: PIC16C5X
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X,
PIC16C71, PIC16C84 and PIC17C42. All necessary
hardware and software is included to run basic demo
programs. The users can program the sample micro-
controllers provided with the PICDEM-1 board, on a
PRO MATE or PICSTART-16B programmer, and
easily test firmware. The user can also connect the
PICDEM-1 board to the PICMASTER emulator and
download the firmware to the emulator for testing.
Additional prototype area is available for the user to
build some additional hardware and connect it to the
microcontroller socket(s). Some of the features include
an RS-232 interface, a potentiometer for simulated
analog input, push-button switches and eight LEDs
connected to PORTB.

13.6 PICDEM-2 Low-Cost PIC16CXX
Demonstration Board

The PICDEM-2 is a simple demonstration board that
supports the PIC16C63, PIC16C64, PIC16C65,
PIC16C73 and PIC16C74 microcontrollers. All the
necessary hardware and software is included to
run the basic demonstration programs. The user
can program the sample microcontrollers provided
with the PICDEM-2 board, on a PRO MATE pro-
grammer or PICSTART-16C, and easily test firnware.
The PICMASTER emulator may also be used with the
PICDEM-2 board to test firnware. Additional prototype
area has been provided to the user for adding addi-
tional hardware and connecting it to the microcontroller
socket(s). Some of the features include a RS-232 inter-
face, push-button switches, a potentiometer for simu-
lated analog input, a Serial EEPROM to demonstrate
usage of the I°C bus and separate headers for connec-
tion to an LCD module and a keypad.

© 1995 Microchip Technology Inc.
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13.7 Assembler (MPASM)

The MPASM Cross Assembler is a PC-hosted symbolic
assembler. It supports all microcontroller series includ-
ing the PIC16C5X, PIC16CXX, and PIC17CXX fami-
lies.

MPASM offers full featured Macro capabilities, condi-
tional assembly, and several source and listing formats.
It generates various object code formats to support
Microchip's development tools as well as third party
programmers.

MPASM allows full symbolic. debugging from

the Microchip Universal Emulator System
(PICMASTER).

MPASM has the following features to assist in develop-
ing software for specific use applications.

* Provides translation of Assembler source code to
object code for all Microchip microcontrollers.

Macro assembly capability

Produces all the files (Object, Listing, Symbol,

and special) required for symbolic debug with
Microchip’s emulator systems.

Supports Hex (default), Decimal and Octal source
and listing formats.

MPASM provides a full feature directive language rep-
resented by four basic classes of directives:

.

L]

¢ Data Directives are those that control the alloca-
tion of memory and provide a way to refer to data
items symbolically, i.e., by meaningful names.
Listing Directives control the MPASM listing dis-
play. They allow the specification of titles and sub-
titles, page ejects and other listing control.
Control Directives permit sections of condition-
ally assembled code.
* Macro Directives control the execution and data
allocation within macro body definitions.

13.8 Software Simulator (MPSIM)

The MPSIM Software Simulator allows code develop-
ment in a PC host environment. It allows the user to
simulate the PIC16/17 series microcontrollers on an
instruction level. On any given instruction, the user may
examine or modify any of the data areas or provide
external stimulus to any of the pins. The input/output

L]

°

TABLE 13-2: DEVELOPMENT SYSTEM PACKAGES

radix can be set by the user and the execution can be
performed in; single step, execute until break, or in a
trace mode. MPSIM fully supports symbolic debugging
using MP-C and MPASM. The Software Simulator
offers the low cost flexibility to develop and debug code
outside of the laboratory environment making it an
excellent multi-project software development tool.

13.9 C Compiler (MP-C)

The MP-C Code Development System is a complete 'C'
compiler and integrated development environment for
Microchip’s PIC16/17 family of microcontrollers. The
compiler provides powerful integration capabilities and
ease of use not found with other compilers.

For easier source level debugging, the compiler pro-
vides symbol information that is compatible with the
PICMASTER. Universal Emulator memory display
(emulator software versions 1.13 and later).

The MP-C Code Development System is supplied
directly by Byte Craft Limited of Waterloo, Ontario, Can-
ada. If you have any questions, please.contact your
regional Microchip FAE or Microchip technical support
personnel at (602) 786-7627.

13.10 Fuzzy Logic Development System
(fuzzyTECH-MP)

fuzzyTECH-MP fuzzy logic development tool is avail-
able in two versions - a low cost introductory version,
MP Explorer, for designers to gain a comprehensive
working knowledge of fuzzy logic system design; and
a full-featured version, fuzzyTECH-MP Edition, for
implementing more complex systems.

Both versions include Microchip’s fuzzyl AB™ demon-
stration board for hands-on experience with fuzzy logic
systems implementation.

13.11 Development Systems

For convenience, the development tools are packaged
into comprehensive systems as listed in Table 13-2.

Item Name

System Description

1. | PICMASTER System

PICMASTER In-Circuit Emulator, PRO MATE Programmer, Assembler, Soft-
ware Simulator, Samples and your choice of Target Probe.

2. | PICSTART System
and Samples.

PICSTART Low-Cost Prototype Programmer, Assembler, Software Simulator

3. | PRO MATE System

PRO MATE Universal Programmer, full featured stand-alone or PC-hosted pro-
grammer, Assembler, Simulator
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14.0 PACKAGING INFORMATION

For Package Dimension,
please refer to the Packaging Section of the Data Book.
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141  Package Marking Information

18L PDIP Example
MMMMMMMMMMMMXXX PIC16C54A
MMMMMMMMXXXXXXXX O 201/P
Q' AABB CAE Q 9123 cAA
18L SOIC Example
XXXXXXXX PIC16C54A
XXXXXXXX 041/50218
S AABB CAE oS 9118 CAK
28L SOIC Example
MMMMMMMMMMMMMMMMMMXX PIC16CR57A
XXXXXXXXXKXHKXXKXKKXXX XXX 041/S0495
n O AaBB CAE o O 9051 cAK
28L PDIP (.300 MIL) Example
XXXXXXXXXXXXXXX PIC16CR57A
O XXXXXXXXXXXXXXX 041/P456
Q' AaBB CAE Q 9123 cAa
28L SSOP Example
XXXXXXXXXXXX PIC16CR57A
XXXXXXXXXXXX 201/P784
O O AaBB CAE o O 9225 cak
20L SSOP Example
XXXXXXXX PIC16C54A
XXXXXXXX 10/SS
O AaBB CAE O sost cap
Legend: MM..M Microchip part number information
XX...X Customer specific information*
AA Year code (last 2 digits of calender year)
BB Week code (week of January 1 is week '01’)
C Facility code of the plant at which wafer is manufactured.
C = Chandler, Arizona, U.S.A.
D1 Mask revision number for microcontroller
Do Mask revision number for EEPROM
E Assembly code of the plant or country of origin in which
part was assembled.
Note: In the event the full Microchip part number cannot be marked on one
line, it will be carried over to the next line thus limiting the number of
available characters for customer specific information.

Standard OTP marking consists of Microchip part number, year code, week code,
facility code, mask revision number, and assembly code. For OTP marking beyond
this, certain price adders apply. Please check with your Microchip Sales Office.
For QTP devices, any special marking adders are included in QTP price.
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14.2 Package Markin

Information (Cont.

28L PDIP (.600 mil) Example
MMMMMMMMMMMMXXX PIC16CR57A
MMMMMMMMXXXKKKAKK 04i/P126
XXXXXXKXXXXXXXXXXX
) AABB CAE O ) 9042 CAA O
MICROCHIP MICROCHIP
18L CERDIP
MMMMMMMM PIC16C54A
S\ MMMMMMMM D S\ 041/JW
P MICROCHIP AABB CAE MICROCHIP 9101 CAA
Legend: MM..M Microchip part number information
XX...X Customer specific information*
AA Year code (last 2 digits of calender year)
BB Week code (week of January 1 is week '01°)
C Facility code of the plant at which wafer is manufactured.
C = Chandler, Arizona, U.S.A.
D4 Mask revision number for microcontroller
Do Mask revision number for EEPROM
E Assembly code of the plant or country of origin in which
part was assembled.
Note: In the event the full Microchip part number cannot be marked on one
line, it will be carried over to the next line thus limiting the number of
available characters for customer specific information.

* Standard OTP marking consists of Microchip part number, year code, week code,
facility code, mask revision number, and assembly code. For OTP marking beyond
this, certain price adders apply. Please check with your Microchip Sales Office.
For QTP devices, any special marking adders are included in QTP price.

© 1995 Microchip Technology Inc.
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NOTES
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APPENDIX A: COMPATIBILITY APPENDIX B: WHAT’S NEW
To convert code written for PIC16CXX to PIC16C5X, The format of this data sheet has been changed to be
the user should take the following steps: consistent with other product families. This ensures
1. Check the CALL, GOTO instructions or any that‘ {mportant ~toplcs are .cove.red across all PI916/17
instruction that modifies the PC to determine if families. Here is an overview list of new features:
any program memory page select operations * Data Sheet Structure / Outline
(PA2, PA1, PAO bits) need to be made. « Addition of PIC16C58A

2. Revisit any computed jump operations (write to

PC or add to PC, etc.) to make sure page bits

are set properly under the new scheme.

Eliminate any special functicn register page

switching. Redefine data variables to reallocate

them.

4. Verify all writes to STATUS, OPTION, and FSR
registers since these have changed.

5. Change reset vector to proper value for proces-
sor used.

6. Remove any use of the ADDLW and SUBLW
instructions.

7. Rewrite any code segments that use interrupts.

©
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APPENDIX C: WHAT'S CHANGED

To make software more portable across the different
PIC16/17 families, the name of several registers and
control bits have been changed. This is so that control
bits that do the same function have the same name
(regardless of processor family). Care must still be
taken, since they may not be in the same special func-
tion register. The following shows the register and bit
names that have been changed:

REGISTER NAME CHANGES
OLD NAME NEW NAME
RTCC TMRO

BIT NAME CHANGES
OLD NAME NEW NAME
RTS TOCS
RTE TOSE

PIN NAME CHANGES
OLD NAME NEW NAME
RTCC TOCKI

DS30236A-page 2-192
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PIC17C42 25 TMRO,TMR1, 40-pin DIP, 44-pin PLCC, 44-pin QFP
TMR2,TMR3

PIC17C43* 25 | 4K | 454 |TMRO,TMR1,|2[2]| Yes | Yes| 11 | 33 | 2.5-6.0 | 58 [40-pin DIP, 44-pin PLCC, 44-pin QFP
TMR2,TMR3

PIC17C44 25 | 8K | 454 JTMRO,TMR1, [2|2]| Yes | Yes | 11 | 33 | 2.5-6.0 | 58 |40-pin DIP, 44-pin PLCC, 44-pin QFP
TMR2,TMR3

*  Please con

bility.

N

act your loca
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current capa-

sales office for avaitabiITty of

3: PORTB has software-configurable weak pull-ups.

hese devices.

The PIC17C4X devices can also operate in microprocessor and external microcontroller modes.
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PIC16C61 3.0-6.0 [ — [18-pin DIP, 1&-pin SOIC
PiC16C62* 20 f 2K | — | 128 | — JTMRO, 2|sPiRrc| — —_ — — | 10 | 22 | 2.5-6.0 | — [28-pin SDIP, 28-pin SOIC
TMR1, TMR2
PIC16C63* | 20 | 4K | — | 192 | — |TMRO, 2fspyc/| — | — | — | — | 10 | 22 | 3.0-6.0 | — |28-pin SDIP, 28-pin SOIC
TMR1, TMR2 SCI
PIC16C64 20 2K [ — [ 128 | — JTMRO, 1|spiec|Yes| — | — | — | 8 | 83 | 3.0-6.0 [ — [40-pin DIP, 44-pin PLCC, 44-pin QFP
TMR1, TMR2
PIC16C65 20 [ 4K | — [ 192 | — |TMRO, 2(spiec/{ Yes| — | — | — ] 11 | 33 | 3.0-6.0 | — [40-pin DIP, 44-pin PLCC, 44-pin QFP
TMR1, TMR2 ScCl
PIC16C620*] 20 |512( — | 80 | — JTMRO - — — | — 2 |Yes| 4 | 13 | 8.0-6.0 | Yes [18-pin DIP, 18-pin SOIC, 20-pin SSOP
Pic16Cce21*] 20 J 1K [ — [ 80 | — JTMRO ~-~ - = 2 |Yes| 4 | 13 | 3.0-6.0 | Yes |18-pin DIP, 18-pin SOIC, 20-pin SSOP
PIC16C622 | 20 | 2K [ — | 128 | — |JTMRO - - - | - 2 |Yes| 4 | 13 | 3.0-6.0 | Yes [18-pin DIP, 18-pin SOIC, 20-pin SSOP
PIC16C71 20 1K | — 36 | — |[TMRO - - — |[4ch | — — 4 13 | 3.0-6.0 | — |18-pin DIP, 18-pin SOIC
PIC16C73 20 4K | — | 192 [ — JTMRO, 2|8PIrCc/| — |[5ch | — — | 11| 22 | 8.0-6.0 | — [28-pin SDIP, 28-pin SOIC
TMR1, TMR2 SCI
PIC16C74 20 | 4K | — [ 192 | — |TMRO, 2|spiec/| Yes | 8ch | — | — | 12 | 33 | 3.0-6.0 | — [40-pin DIP, 44-pin PLCC, 44-pin QFP
TMR1, TMR2 SCI
PIC16C84 10 | — | 1K | 36 | 64 JTMRO — - — | — | —1]—1] 4|13 206.0 | — [18-pinDIP, 18-pin SOIC
= *Please contact your local sales office for availability of these devices.
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current capability.
2: The PIC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode.
This allows a Real Time Clock to be implemented.
3: PORTB has software-configurable weak pull-ups.
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PIC16C54 20 512 —| 25 TMRO 12 | 2.5-6.25| 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP
PIC16C54A 20 §512|—| 25 TMRO 12 [ 2.5-6.25| 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP
PIC16CR54 20 | — |512] 25 TMRO 12 [2.0-6.25| 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP
PIC16C55 20 |512| —| 25 TMRO 20 |[2.5-6.25| 33 |28-pin DIP, 28-pin SOIC, 28 pin SSOP
PIC16C56 20 1K |—| 25 TMRO 12 | 2.5-6.25 | 33 |18-pin DIP, 18-pin SOIC, 20-pin SSOP
PIC16C57 20 J2K [—| 72 TMRO 20 |2.5-6.25| 33 |[28-pin DIP, 28-pin SOIC, 28 pin SSOP
PIC16CR57A} 20 | — 2K | 72 TMRO 20 |2.0-6.25| 33 (28-pin DIP, 28-pin SOIC, 28 pin SSOP
PIC16C58A 20 2K | —| 78 TMRO 12 |2.5-6.25| 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP
PIC16CR58A | 20 | — [2K| 73 TMRO 12 | 2.0-6.25| 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP
Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current

capability.

‘€-a 319vl

S30IA3A 40 ATINYA4 XS09101d

XS091l1d pddueyu3z



Enhanced PIC16C5X

D.1 Pin Compatibility

Devices that have the same package type; and VoD,
Vss, and MCLR pin locations, are said to be pin com-
patible. This allows these different devices to operate in
the same socket. Compatible devices may only
requires minor software modification to allow proper
operation in the application socket (ex., PIC16C56 and
PIC16C61 devices). Not all devices in the same pack-
age size are pin compatible; for example, the
PIC16C62 is compatible with the PIC16C63, but not the
PIC16C55.

Pin compatibility does not mean that the devices offer
the same features. As an example, the PIC16C54 is
pin compatible with the PIC16C71, but does not have
an A/D converter, weak pull-ups on PORTB, or inter-
rupts.

TABLED-4:  PIN COMPATIBILE DEVICES

Pin Compatible Devices Package
PIC16C61, ) . 18 pin
PIC16C620, PIC16C621, PIC16C622,
PIC16C71, PIC16C84,
PIC16C54, PIC16C54A, PIC16CR54,
PIC16C56, PIC16C58A, PIC16CR58A
PIC16C62, PIC16C63, PIC16C73 28 pin
PIC16C55, PIC16C57, PIC16CR57A 28 pin
PIC17C42, PIC17C43, PIC17C44 40 pin
PIC16C64, PIC16C65, PIC16C74 40 pin
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CONNECTING TO MICROCHIP BBS

Connect worldwide to the Microchip BBS using the
CompuServe® communications network. In most
cases a local call is your only expense. The Microchip
BBS connection does not use CompuServe member-
ship services, therefore you do not need CompuServe
membership to join Microchip's BBS.

There is no charge for connecting to the BBS, except
toll charge to CompuServe access number, where
applicable. You do not need to be a CompuServe
member to take advantage of this connection (you
never actually log in to CompuServe).

The procedure to connect will vary slightly from country
to country. Please check with your local CompuServe
agent for details if you have a problem. CompuServe
service allows multiple users at baud rates up to 14400
bps.

The following connect procedure applies in most loca-
tions:

1. Setyour modem to 8 bit, No parity, and One stop
(8N1). This is not the normal CompuServe set-
ting which is 7E1.

2. Dial your local CompuServe access number.

3. Depress <ENTER.> and a garbage string will
appear because CompuServe is expecting a
7E1 setting.

4. Type +, depress <ENTER.J> and Host Name:
will appear.

5. Type MCHIPBBS, depress < ENTER. > and
you will be connected to the Microchip BBS.

In the United States, to find CompuServe's phone num-
ber closest to you, set your modem to 7E1 and dial
(800) 848-4480 for 300-2400 baud or (800) 331-7166
for 9600-14400 baud connection. After the system
responds with Host Name:, type

NETWORK, depress < ENTER. >
and follow CompuServe's directions.

For voice information (or calling from overseas), you
may call (614) 457-1550 for your local CompuServe
number.

Trademarks:

PICMASTER and PICSTART are registered
trademarks of Microchip Technology Incorporated.
PIC is a registered trademark of Microchip
Technology Incorporated in the U.S.A.

PRO MATE, fuzz)A AB, the Microchip logo and
name are trademarks of Microchip Technology
Incorporated.

fuzzyTECH is a registered trademark of Inform
Software Corporation.
I2C is a trademark of Philips Corporation.

IBM, IBM PC-AT are registered trademarks of
Intemational Business Machines Corp.

Pentium is a trademark of Intel Corporation.

MS-DOS and Microsoft Windows are registered
trademarks of Microsoft Corporation. Windows is a
trademark of Microsoft Corporation.

CompusServe is a registered trademark of
CompuServe Incorporated.

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

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578.

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

To: Technical Publications Manager Total Pages Sent
RE:  Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):
Would you like areply? Y N

Device: Enhanced PIC16C5X Literature Number: DS30236A

Questions:

1. What are the best features of this document?

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

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

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

5. What deletions from the data sheet could be made without affecting the overall usefullness?

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

7. How would you improve this document?

8. How would you improve our software, systems, and silicon products?
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Enhanced PIC16C5X Product Identification System
To order or obtain information, e.g., on pricing or delivery refer to the factory or the listed sales office.

PART NO. -XX X /XX XXX Examples
Pattern: QTP, SQTP, ROM Code or Special Requirements |a) PIC16C54A - 104/p
Package: P = PDIP 301: Commercial
SO = SOIC (Gull Wing, 300 mil body) Temp., PDIP Pack-
.?V?l = alSOdP od CERDIP age, 4 MHz, normal
= Window . VoD limits, QTP pat-
. SP = Skgmy SDIPC(SOO mil) torn #301. .
emperature - = 0°C to +70° .
Range: | A AN - |b)  PIC16LC58A-041/SO
E = -40°C to +125°C (PIC16C54A only) Industrial Temp.,
E 04 - 4MHz SOIC package, -
requency = 4 MHz, extended VDD
Range: 10 = 10 MHz fimi
20 = 20MHz imits
Device PIC16C5XAT: :Standard Vop range (Tape/Reel) ) PIC16CRS7A - 10E/
PIC16LC5XA :Extended VDD range P35k: ROM program
PIC16CR5XA :ROM Version, Standard VDD range memory, Automotive
PIC16LCR5XA:ROM Version, Standard VoD range Temp., PDIP pack-
age, 10 MHz, nomal
V0D limits.

Sales and Support

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

1. Your local Microchip sales office

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277

3. The Microchip’s Bulletin Board, via your local CompuServe number (CompuServe membership NOT required).

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302.
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PIC16C62X

EPROM-Based 8-Bit CMOS Microcontroller

Devices included in this data sheet are:
* PIC16C620

+ PIC16C621
* PIC16C622

FEATURES

High Performance RISC-like CPU

¢ Only 35 instructions to learn

¢ All single cycle instructions (200ns), except for
program branches which are two-cycle

¢ Operating speed:
- DC - 20MHz clock input
- DC - 200ns instruction cycle

Device Program Data
Memory Memory
PIC16C620 512 80
PIC16C621 1K 80
PIC16C622 2K 128

* Interrupt capability

¢ 16 special function hardware registers

¢ 8 level deep hardware stack

» Direct, Indirect and relative addressing modes

Peripheral Features

* 13 1/0O pins with individual direction control
¢ High current sink/source for direct LED drive
* Analog comparator module with:
- 2 analog comparators
- Programmable on-chip voltage reference
(VREF) module
- Programmable input multiplexing from device
inputs and internal voltage reference
- Comparator outputs can be output signals
* TMRO: 8-bit timer/counter with 8-bit programma-
ble prescaler

Special Microcontroller Features

¢ Power-on-reset (POR)

¢ Power-up Timer (PWRT) and Oscillator start-up
timer (OST)

¢ Brown-out protection

¢ Watchdog timer (WDT) with its own on-chip RC
oscillator for reliable operation

PACKAGE TYPE
PDIP, SOIC, Windowed CERDIP

RA2/AN2VReFe—s-[] 1 18]] <«—» RA1/AN1
RAJ/ANG «—»[] 2 - 17[] <—s RAOD/ANO
RA4/TOCKI ] 3 2 16[] <— OSC1/CLKIN
MCLIR—[ 4 Q 155 — 0SC2/CLKOUT

VSS —» 5 o 14[] <— VDD
RBO/INT w—-[] 6 O 13[] <—» RB7
RB1 <[ 7 & 12[] <« RB6
RB2<—p[] 8 > 11[] <—> RB5
RB3 <[] 9 10[] <«—» RB4

SSOP
RA2/AN2/VREF 3 [ *1 — 20]] -<«—» RA1/AN1
RA3/AN3 ¢—» [] 2 19[] <«—» RAO/ANO
RA4/TOCKI «—[] 3 T 15[ <—— OSCI/CLKIN
MCIR —=[] 4 © 170 — OSC2/CLKOUT|
Vss —»[] 5 a 16 [] - VDD
Vss—[] 6 @ 150 +— Vob
RBO/INT «—»[] 7 & 14[] <— RB7
RBl «—[ 8 § 130 «— RB6
RB2 «—»[] 9 12[] -«—» RB5
RB3 «—» [] 10 111 <«—» RB4

Special Microcontroller Features (Continued)

Programmable code protection

Power saving SLEEP mode

Fuse selectable oscillator options

Serial in-system programming (via two pins)
4 user programmable ID locations

CMOS Technology

* Low-power, high-speed CMOS EPROM technology
* Fully static design
¢ Wide operating voltage range
- 3.0Vto6.0V
¢ Commercial and industrial temperature range
* Low power consumption
- <2mA @5V, 4 MHz
- 15 pA typical @ 3V, 32 KHz
- <1 pA typical standby current @ 3V

© 1995 Microchip Technology Inc.
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1.0 GENERAL DESCRIPTION

The PIC16C62X are 18-Pin EPROM-based members
of the versatile PIC16CXX family of low-cost, high-per-
formance, CMOS, fully-static, 8-bit microcontrollers.

All PIC16/17 microcontrollers employ an advanced
RISC-like architecture. The PIC16C62X have
enhanced core features, eight-level deep stack, and
multiple internal and external interrupt sources. The
separate instruction and data buses of the Harvard
architecture allow a 14-bit wide instruction word with
the separate 8-bit wide data. The two stage instruction
pipeline allows all instructions to execute in a single
cycle, except for program branches (which require two
cycles). A total of 35 instructions (reduced instruction
set) are available. Additionally, a large register set gives
some of the architectural innovations used to achieve a
very high performance.

PIC16C62X microcontrollers typically achieve a 2:1
code compression and a 4:1 speed improvement over
other 8-bit microcontrollers in its class.

The PIC16C620 and PIC16C621 have 80 bytes of
RAM. The PIC16C622 has 128 bytes of RAM. Each
device has 13 I/O pins and an 8-bit timer/counter with
an 8-bit programmable prescaler. In addition, the
PIC16C62X add two analog comparators with a pro-
grammable on-chip voltage reference module. The
comparator module is ideally suited for applications
requiring a low-cost analog interface, e.g. battery
chargers, threshold detectors, white goods controllers
etc.

The PIC16C62X have special features to reduce exter-
nal components, thus reducing cost, enhancing system
reliability and reducing power consumption. There are
four oscillator options, of which the single pin RC oscil-
lator provides a low-cost solution, the LP oscillator min-
imizes power consumption, XT is a standard crystal,
and the HS is for High Speed crystals. The SLEEP
(power-down) mode offers power saving. The user can
wake up the chip from SLEEP through several external
and internal interrupts and reset.

A highly reliable Watchdog Timer with its own on-chip
RC oscillator provides protection against software lock-
up.

A UV-erasable CERDIP-packaged version is ideal for
code development while the cost-effective One-Time
Programmable (OTP) version is suitable for production
in any volume.

Table 1-1 shows the features of the P