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Through-Hole or Surface Mount

.'E: el

Features

« Surface and through-hole mounting types.

* 1 Form C contact arrangement.

« Latching or non-latching versions available.

» Switches loads from dry circuit to 1 amp.

* Washable — meets IEC protection class IP67.

« Low coil power requirement for IC compatibility.
e Terminals arranged on 0.1” grid.

- Designed for compact, high density mounting, 106.6mm?2 surface area.

 Getter protected contact area.
« Ideal for data and communication systems.

Contact Data @ 25°C
Arrangements: 1 Form C (SPDT).

Material & Style:Palladium-Nickel with Gold-Rhodium overlay,

bifurcated.
Expected Mechanical Life: 1 billion operations.

Expected Electrical Life:50 million ops. at 100mA, 6VDC, res., 10 ops./sec.;
3 million ops. at 1A, 24VDC, res., 6 ops./min.;
500,000 ops. at 500mA, 100VDC, res., 6 ops./min.;
250,000 ops. at 400mA, 125VAC, res., 6 ops./min.

Contact Ratings:
Maximum Switched Voltage: 150VDC, 125VAC.
Maximum Switched Current: 1A.
Maximum Carrying Current: 1A.
Maximum Switched Power: 30W (DC), 60VA (AC).

Note: Max. switched power is voltage dependent. See Figure 1.

Minimum Switched Capability: 100pV.

Initial Contact Resistance: 50 milliohms max. @ 10mA, 6VDC.

Figure 1 — Limiting Curve for Contact Loads
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[C] = Recommended Field of Application

Initial Dielectric Strength
Between Open Contacts: 500V rms.

Note: FCC version meets 1,500V surge per FCC Part 68. Consult factory regarding

availability (10/160ps).
Between Contacts and Coil: 1,500V rms.

V23026 series

Miniature, Sealed
PC Board Relay
A\ File E48393
@ File LR45064-5
& CECC approved in accordance with
CECC 16501-002/VDE400.74/04.90 (Through
Coil Data @ 20°C

-hole version)

Nominal Maximum Nominal Resistance Coil Number
Voltage Operating Power (Ohms) Order Designation
(VvDC) |Voltage (VDC) (mW) +10% (Step 4 in Ordering

Information chart)

Non-Latching — Through-Hole versions (A1)

15 45 63 36 7
3 8.8 66 137 6
5 145 67 370 1
9 25.5 69 1,165 5
12 35 64 2,250 2
15 42 72 3,100 3
24 50 128 4,500 4
Non-Latching — Surface-Mount versions (D1)
15 4 80 28 7
3 8 80 113 6
5 13.3 80 313 1
9 24 80 1,013 5
12 32 80 1,800 2
15 40 80 2,813 3
24 50 128 4,500 4

(values are the same for each coil)(%)

Bistable, Dual Coils — Through-Hole and Surface-Mount versions (B1,E1)

Initial Insulation Resistance

Between Mutually Insulated Conductors: 109 ohms @ 500VDC.

Coil Data @ 20°C
Voltage: 1.5 to 24VDC.

Thermal Resistance at Continuous Thermal Load: 130°K per Watt.

Maximum Coil Temperature: 85°C.
Duty Cycle: Continuous.

1.5 4.25 70 32 7
3 8.55 69 130 6
5 14.75 64 390 1
9 14.75 68 1,200 5
12 29 96 1,500 2
15 29 150 1,500 3
Bistable, Single Coil — Through-Hole and Surface-Mount versions (C1,F1)
1.5 6 37 61 5
3 13 30 300 6
5 20 34 740 1
9 35 38 2,160 7
12 50 32 4,500 2
15 50 50 4,500 3
24 50 128 4,500 4
(1) The specified voltages apply with only one coil energized.
Operate Data @ 20°C
Must Operate Voltage: 75% of nominal voltage or less.
Must Release Voltage: 10% of nominal voltage or less.
Max. Continuous Thermal Load : 500mW.
Operate Time (Excluding Bounce)t: 1 ms, typ.
Operate Bounce Timet: 1 ms, typ.
Release Time (Excluding Bounce)t: 0.4 ms, typ.
Set Time (Latching)t: 1 ms, typ.
Reset Time (Latching)t: 0.9 ms, typ.
Maximum Switching Rate: 200 operations/second.
T At or from Nominal Coil Voltage
Environmental Data
Temperature Range: -40°C to +70°C.
Vibration, Operational: 40g, 10-200 Hz.
Shock, Operational: 50g at 11 ms 1/2 sinusoidal impulse.
Surface Mount Version Only:
Vapor Phase: 215°C, 40 sec.
Infrared: 215°C, 40 sec.
Double Wave: 260°C, 10 sec.
Mechanical Data
Termination: Through-hole or surface mount printed circuit terminals.

Enclosure Type: Immersion cleanable, plastic sealed cas
Weight: 0.063 oz. (1.8g) approximately.
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Ordering Information

Typical Part Number » V23026 Al 00 2 B201

1. Basic Series:

V23026 = Miniature, printed circuit board relay.

2. Termination:

Non-Latching | Dual Coil Latching | Single Coil Latching

Through-Hole Al

B1 Cl

Surface Mount D1

El F1

Consult factory regarding availability of models meeting FCC Part 68/1500V surge requirement.

3. Function Type:

00 = Single Coil Non-Latching, Through-Hole terminals

05 = Single Coil Latching

02 = Single Coil Non-Latching, Surface-Mount terminals
10 = Dual Coil Latching

4. Coil Voltage:

7 =1.5vDCW) 6=3vDC 1=5VDC 5=9vDCll) 2=12vDC 3=15VDC 4 =24vDCP)
, F1), 5=1.5VDC and 7 = 9VDC

(1) For single coil latching versions only (C1

(2) 24V coil not available on dual coil version

5. Contact Type:

B201 = Bifurcated, 1 Form C (SPDT).

*Consult factory for tape and reel packaging.

Stock Items — Recommended part numbers are for new designs.

V23026A1001B201 V23026D1021B201
V23026A1002B201 V23026D1022B201
V23026A1004B201 V23026D1024B201

Outline Dimensions
Through-Hole

512 MAX. .30 MAX.
(13) ﬂ "7 (762)

f

272 MAX.
(6.9)

1l

.012 MAX.
(3

| N Iy -

!

138 MAX.
(3.5)

Surface Mount

531 MAX.
(13.5) ﬂ

315 MAX
®)
u:#
.016 @ .008 @ ée
(-4) (-2) (15)

Wiring Diagrams (Bottom Views)
Single Coil Non-Latching & Single Coil Latching

For non-latching versions, coil polarity must be observed.

For single coil latching versions, polarity shown results in "set" condition.
Reverse polarity results in "reset" condition.

Diagram indicates de-energized position for non-latching and "reset" position
for single coil latching.

Dual Coil Latching

1 3 5
+
O C
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i SET
I
INDEX 71 RESET
MARK -
- +
10 8 6

Diagram indicates relay in the "reset" position, with "reset" coil most recently
energized as shown. Energizing "set" coil as shown will transfer the contacts.

PC Board Layouts (Bottom Views)

Through-Hole
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Tyco Electronics Corporation - P&B, Winston-Salem, NC 27102
Technical Support Center: 1-800-522-6752, www.pandbrelays.com
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2N7000 / 2N7002 / NDS7002A
N-Channel Enhancement Mode Field Effect Transistor

General Description Features

These N-Channel enhancement mode field effect transistors = High density cell design for low Ryg -
are produced using Fairchild's proprietary, high cell density, = Voltage controlled small signal switch
DMOS technology. These products have been designed to '
minimize on-state resistance while provide rugged, reliable, = Rugged and reliable.

and fast switching performance. They can be used in most
applications requiring up to 400mA DC and can deliver
pulsed currents up to 2A. These products are particularly
suited for low voltage, low current applications such as small
servo motor control, power MOSFET gate drivers, and other
switching applications.

= High saturation current capability.

D
G
G
ooz SOT-23 S
(TO-236AB)
2N7002/NDS7002A
Absolute Maximum Ratings T, = 25°C unless otherwise noted
Symbol Parameter 2N7000 2N7002 NDS7002A Units
Vpss Drain-Source Voltage 60 \
Voer Drain-Gate Voltage (Rgs <1 MW) 60 v
Vass Gate-Source Voltage - Continuous +20 \
- Non Repetitive (tp < 50us) +40
Ip Maximum Drain Current - Continuous 200 115 280 mA
- Pulsed 500 800 1500
Po Maximum Power Dissipation 400 200 300 mwW
Derated above 25°C 3.2 1.6 2.4 mw/°C
T3 Tsr6 Operating and Storage Temperature Range -55t0 150 -65 to 150 °C
T Maximum Lead Temperature for Soldering 300 °C
Purposes, 1/16" from Case for 10 Seconds
THERMAL CHARACTERISTICS
R Thermal Resistance, Junction-to-Ambient 3125 625 417 °C/IW

gJA
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Electrical Characteristics T, = 25°C unless otherwise noted

Symbol | Parameter Conditions Type | Min | Typ | Max | Units
OFF CHARACTERISTICS
BVpss Drain-Source Breakdown Voltage |V;s=0V, I;=10 pA All 60 \
Ioss Zero Gate Voltage Drain Current |V =48V, V=0V 2N7000 1 UA
T,=125°C 1 mA
Vps =60V, Vg=0V 2N7002 1 PA
T,=125°C NDS7002A 0.5 mA
lgsse Gate - Body Leakage, Forward Vgs =15V, V=0V 2N7000 10 nA
Vgs =20V, V=0V 2N7002 100 nA
NDS7002A
lossr Gate - Body Leakage, Reverse Vgs =-15V, V=0V 2N7000 -10 nA
Vgs =20V, Vs =0V 2N7002 -100 nA
NDS7002A
ON CHARACTERISTICS (Note 1)
Vs Gate Threshold Voltage Vps = Vs Ip = 1 MA 2N7000 0.8 21 3 \
Vps = Vgs: Ip = 250 pA 2N7002 1 2.1 2.5
NDS7002A
Roson Static Drain-Source On-Resistance [V =10V, I, = 500 mA 2N7000 1.2 5 W
T,=125°C 1.9
Vgs =45V, 1, =75 mA 1.8 5.3
Ves =10V, I = 500 mA 2N7002 12 | 75
T,=100°C 1.7 | 135
Vgs =5.0V, 1, =50 mA 1.7 7.5
T,=100C 2.4 13.5
Vgs =10V, I, =500 mA NDS7002A 1.2 2
T,=125°C 2 35
Ves = 5.0V, I, =50 mA 1.7 3
T,=125°C 2.8
Voson Drain-Source On-Voltage Vgs =10V, 1, =500 mA 2N7000 0.6 25 \
Ves =45V, Iy =75mA 014 | 0.4
Vgs =10V, I, =500mA 2N7002 06 | 3.75
Vgs=5.0V, I,=50 mA 0.09 | 15
Ves =10V, I, =500mA NDS7002A 0.6 1
Vgs=5.0V, I,=50 mA 0.09 | 0.15

2N7000.SAM Rev. Al



Electrical Characteristics T, = 25°C unless otherwise noted

Symbol | Parameter Conditions Type | Min | Typ | Max | Units
ON CHARACTERISTICS Continued ote 1)
Ioon On-State Drain Current Ves =45V, V=10V 2N7000 75 600 mA
Ves =10V, Voo > 2 Vg 2N7002 | 500 | 2700
Ves =10V, Vs> 2 Vg NDS7002A | 500 | 2700
Ocs Forward Transconductance Vps =10V, I, =200 mA 2N7000 | 100 | 320 mS
Vs 2 2 Vpgiy: |p = 200 mA 2N7002 | 80 | 320
Vps 2 2 Vpginy I = 200 MA NDS7002A | 80 320
DYNAMIC CHARACTERISTICS
Ci Input Capacitance Vps =25V, Vg=0V, All 20 50 pF
Coss Output Capacitance f =10 MHz All 11 25 pF
Cis Reverse Transfer Capacitance All 4 5 pF
ton Turn-On Time Vo, =15V, R =25 W, 2N7000 10 ns
I, =500 MA, Vg =10V,
Rgen =25
Vo =30V, R =150 W, 2N700 20
I, = 200 MA, Vg =10V, NDS7002A
Rgey = 25 W
tor Turn-Off Time Voo =15V, R =25W, 2N7000 10 ns
I, =500 mA, V=10V,
Rgen =25
Vpp =30V, R =150 W, 2N700 20
I, =200 MA, V=10V, NDS7002A
Rgen =25 W
DRAIN-SOURCE DIODE CHARACTERISTICS AND MAXIMUM RATINGS
Is Maximum Continuous Drain-Source Diode Forward Current 2N7002 115 mA
NDS7002A 280
Ism Maximum Pulsed Drain-Source Diode Forward Current 2N7002 0.8 A
NDS7002A 15
Veo Drain-Source Diode Forward Ves =0V, Ig=115 mA (ote 1) 2N7002 088 | 15 \
Voltage Ves =0V, 1= 400 MA (ote 1 NDS7002A 088 | 1.2

Note:
1. Pulse Test: Pulse Width < 300ps, Duty Cycle < 2.0%.

2N7000.SAM Rev. Al



Typical Electrical Characteristics
2N7000 / 2N7002 / NDS7002A
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Figure 1. On-Region Characteristics
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Typical Electrical Characteristics (continued)
2N7000 / 2N7002 /NDS7002A
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Typical Electrical Characteristics (continued)
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FASTr™ PowerTrenchU SyncFET™
Bottomless™ GlobalOptoisolator™ QFET™ TinyLogic™
CoolFET™ GTO™ QsS™ UHC™
CROSSVOLT™ HiSeC™ QT Optoelectronics™ VCX™
DOME™ ISOPLANAR™ Quiet Series™

E’CMOS™ MICROWIRE™ SILENT SWITCHERD

EnSigna™ OPTOLOGIC™ SMART START™

FACT™ OPTOPLANAR™ SuperSOT™.-3

FACT Quiet Series™ PACMAN™ SuperSOT™-6

FASTO pPOP™ SuperSOT™-8

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant into support device or system whose failure to perform can
the body, or (b) support or sustain life, or (c) whose be reasonably expected to cause the failure of the life
failure to perform when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can be effectiveness.

reasonably expected to result in significant injury to the

user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status Definition
Advance Information Formative or This datasheet contains the design specifications for
In Design product development. Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

Rev. G
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147 Central Avenue
Hackensack, New Jersey 07601
Tel: 201-489-8989 « Fax: 201-489-6911

| Chicaco Miniature Lawve, Inc.

(N

\ * WHERE INNOVATION COMES TO LIGHT

4301H1/5 Series Solid State LED Lamps-High Brite Bi-Color T-1 3/4 (5mm)

DESCRIPTION AND FEATURES

T-1 3/4 Dual Color LED

197 —

Al dimensions <Provides red and green in the same two lead packages.
| ‘ «Chips are brightness matched-green and red light is uniform.
.040 | 340
|
. |
T
.040
0208Q. || MAX.
TYP.
866

|
RED CATHODE@
GREEN CATHODE

ELECTRO-OPTICAL CHARACTERISTICS AND RATINGS

PART NUMBER 4301H1/5
Output Color Red/Green
Diffusion Diffused
Package Color Clear
Rated Current (mA) 10
Forward Voltage Typ. (V) 2.2
Forward Voltage Max. (V) 2.8
Luminous Intensity Min. (mcd) 3
Luminous Intensity Typ. (mcd) 6
Luminous Intensity Max. (mcd) -
Peak Wavelength (nm) 650/568
Viewing Angle 20 1/2 (degrees) 50
Power Dissipation (mW) 115
Continuous Forward Current Max. (mA) 25
Peak Forward Current @ 1ms-300 PPS (A) .06
Reverse Breakdown Voltage Min. (V) -

Chicago Miniature Lamp reserves the right to make specification revisions that enhance the design and/or performance of the product

1-93
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“All rights reserved. Copyright © 2001, Microchip Technology
Incorporated, USA. Information contained in this publication
regarding device applications and the like is intended through
suggestion only and may be superseded by updates. No rep-
resentation or warranty is given and no liability is assumed by
Microchip Technology Incorporated with respect to the accu-
racy or use of such information, or infringement of patents or
other intellectual property rights arising from such use or oth-
erwise. 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.
The Microchip logo and name are registered trademarks of
Microchip Technology Inc. in the U.S.A. and other countries.
All rights reserved. All other trademarks mentioned herein are
the property of their respective companies. No licenses are
conveyed, implicitly or otherwise, under any intellectual prop-
erty rights.”

DNV MSC
The Netherlands
Accredited by the RvA

DINW (
—

1SO 9001 / QS-9000
REGISTERED FIRM

DNV Certification, Inc.
USA

ANSI+-RAB

Qams
*

>
~
~
=
m
o
-
m
o

Trademarks

The Microchip name, logo, PIC, PICmicro, PICMASTER, PIC-
START, PRO MATE, KeeLoQ, SEEVAL, MPLAB and The
Embedded Control Solutions Company are registered trade-
marks of Microchip Technology Incorporated in the U.S.A. and
other countries.

Total Endurance, ICSP, In-Circuit Serial Programming, Filter-
Lab, MXDEV, microlD, FlexROM, fuzzyLAB, MPASM,
MPLINK, MPLIB, PICDEM, ICEPIC, Migratable Memory,
FanSense, ECONOMONITOR and SelectMode are trade-
marks of Microchip Technology Incorporated in the U.S.A.

Serialized Quick Term Programming (SQTP) is a service mark
of Microchip Technology Incorporated in the U.S.A.

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

© 2001, Microchip Technology Incorporated, Printed in the
U.S.A,, All Rights Reserved.

Microchip received QS-9000 quality system
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MICROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOSFLASH Microcontrollers

Devices Included in this Data Sheet:

* PIC16F873
* PIC16F874

* PIC16F876
* PIC16F877

Microcontroller Core Features:

* High performance RISC CPU
¢ Only 35 single word instructions to learn

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

* Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

e Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM Data Memory

* Pinout compatible to the PIC16C73B/74B/76/77
* Interrupt capability (up to 14 sources)

« Eight level deep hardware stack

 Direct, indirect and relative addressing modes

* Power-on Reset (POR)

* Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)

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

* Programmable code protection
* Power saving SLEEP mode
» Selectable oscillator options

* Low power, high speed CMOS FLASH/EEPROM
technology

* Fully static design

 In-Circuit Serial Programming™ (ICSP) via two
pins

« Single 5V In-Circuit Serial Programming capability

« In-Circuit Debugging via two pins

« Processor read/write access to program memory

* Wide operating voltage range: 2.0V to 5.5V

» High Sink/Source Current: 25 mA

« Commercial, Industrial and Extended temperature
ranges

» Low-power consumption:
- < 0.6 mA typical @ 3V, 4 MHz
- 20 pA typical @ 3V, 32 kHz
- <1 pA typical standby current

Pin Diagram
PDIP
MCLR/VPP —[] 1 v 40 [] <=— RB7/PGD
RAO/ANO <-— [ 2 39 [] =—» RB6/PGC
RA1/AN1 -—[] 3 38 [] «—> RB5
RA2/AN2/VREF- <[] 4 37 []<—> RB4
RA3/AN3/VREF+ <-—[] 5 36 [ ] -—» RB3/PGM
RA4/TOCKI -—[] 6 35 [] -—» RB2
RA5/AN4/SS <—[] 7 < 34 [] =—— RB1
REO/RD/ANS <—[] 8 N~ 33 [] <=— RBO/INT
RE1/WR/AN6 <—[] 9 [ 32 [1<— vop
RE2/CS/AN7 <—[] 10 ,': 31 [] -— Vss
Voo — [] 11 OLE 30 [1 <—> RD7/PSP7
Vss — » []12 © 29 [] =— RD6/PSP6
OSC1/CLKIN — [ 13 8 28 [] =—= RD5/PSP5
OSC2/CLKOUT <-——[] 14 = 27 [] =—» RD4/PSP4
RCO/T10SO/T1CKI <«—[] 15 26 [] <—» RC7/RX/DT
RC1/T10SI/CCP2 <« [] 16 25 [] <=—» RCB/TX/CK
RC2/CCP1 <[] 17 24 [] «—» RC5/SDO
RC3/SCK/SCL <-—[] 18 23 [[] =— RC4/SDI/SDA
RDO/PSP0 <—» [ 19 22 [] <—» RD3/PSP3
RD1/PSP1 <— [] 20 21 [] «<—» RD2/PSP2

Peripheral Features:

» TimerO0: 8-bit timer/counter with 8-bit prescaler

« Timerl: 16-bit timer/counter with prescaler,
can be incremented during SLEEP via external
crystal/clock

« Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

« Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit

¢ 10-bit multi-channel Analog-to-Digital converter

« Synchronous Serial Port (SSP) with SPI™ (Master
mode) and 12C™ (Master/Slave)

« Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

+ Parallel Slave Port (PSP) 8-bits wide, with
external RD, WR and CS controls (40/44-pin only)

« Brown-out detection circuitry for
Brown-out Reset (BOR)

© 2001 Microchip Technology Inc.
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PIC16F87X

Pin Diagrams

PDIP, SOIC
MCLRiVPp— []°1 N~ 28[ ] =— RB7/PGD
RAO/ANO <[] 2 27[] =— RB6/PGC
RAUANL =[] 3 o 26[ ] =— RB5
RA2/AN2/VRer-<—> ] 4 ~ 25[] = RB4
RA3/AN3VRer+ =[] 5 Q 24[] = RB3/PGM
Ra4iTockl <[] 6 © 23[] = RB2
RA5/AN4/SS ] 7 ® 22[] =— RB1
vss—>L] 8 © 21[] <— RBO/INT
oscl/cLKIN—[] 9 8 20[] =— vop
oscz/cLKouT=— L[] 10 o 19[] =—Vss
RCO/T10SO/T1CKI<— []11 18[ ] =— RC7/RX/DT
RCL/T10SI/CCP2 = 12 17[7] =— RCB/ITX/CK
Rc2/ccP1=<—[]13 16[ ] =— RC5/SDO
RC3/SCK/SCL=—=[]14 15[ ] <— RC4/SDI/SDA
PLCC
RA4/TOCKI <—»
RAS5/AN4/SS -,
REO/RD/AN5 - »
REL/WR/ANG «—»
RE2/CS/AN7 «—»
VDD
VSs
OSCL/CLKIN
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PIC16F87X

Key Features

PICmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16F877
Manual (DS33023)
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
FLAS'("MP_E?;?; d'\;')emory 4K 4K 8K 8K
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
1/0 Ports Ports A,B,C Ports A,B,C,D,E Ports A,B,C Ports A,B,C,D,E
Timers 3 3 3 3
Capture/Compare/PWM Modules 2 2 2 2
Serial Communications MSSP, USART | MSSP, USART | MSSP, USART | MSSP, USART
Parallel Communications — PSP — PSP

10-bit Analog-to-Digital Module

5 input channels

8 input channels

5 input channels

8 input channels

Instruction Set

35 instructions

35 instructions

35 instructions

35 instructions

© 2001 Microchip Technology Inc.
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Reader Response
PIC16F87X Product Identification System

TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@mail.microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150.
We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Web site; http://www.microchip.com
* Your local Microchip sales office (see last page)
* The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

When contacting a sales office or the literature center, please specify which device, revision of silicon and data sheet (include liter-
ature number) you are using.

Customer Notification System

Register on our web site at www.microchip.com/cn to receive the most current information on all of our products.
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PIC16F87X

1.0 DEVICE OVERVIEW

This document contains device specific information.
Additional information may be found in the PICmicro™
Mid-Range Reference Manual (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip website. The
Reference Manual should be considered a complemen-
tary document to this data sheet, and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral modules.

There are four devices (PIC16F873, PIC16F874,
PIC16F876 and PIC16F877) covered by this data
sheet. The PIC16F876/873 devices come in 28-pin
packages and the PIC16F877/874 devices come in
40-pin packages. The Parallel Slave Port is not
implemented on the 28-pin devices.

The following device block diagrams are sorted by pin
number; 28-pin for Figure 1-1 and 40-pin for Figure 1-2.
The 28-pin and 40-pin pinouts are listed in Table 1-1
and Table 1-2, respectively.

FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
. Program Data
Device FLASH Data Memory EEPROM
PIC16F873 4K 192 Bytes 128 Bytes
PIC16F876 8K 368 Bytes 256 Bytes
13 Data Bus 8 PORTA
< RAO/ANO
FLASH RA1/AN1
Program RA2/AN2/VREF-
Memory RAM " 4+—=[X| RA3/AN3/VREF+
8 Level Stack File
13.bit ! RA4/TOCKI
(A3-bit Registers RAB/AN4/SS
Program 14 PORTB
Bus
RBO/INT
Instruction reg RB1
RB2
H Direct Addr 7 RB3/PGM
RB4
RB5
RB6/PGC
RB7/PGD
8
PORTC
RCO/T10SO/T1CKI
Power-up RC1/T10SI/CCP2
Timer RC2/CCP1
Instruction Oscillator RC3/SCK/SCL
Decode & (— > | Start-up Timer RC4/SDI/SDA
Control Power-on RC5/SDO
Reset RC6/TX/CK
- RC7/RX/IDT
Timing Watchdog
m Generation <= Timer
OSC1/CLKIN Brown-out
OSC2/CLKOUT Reset
In-Circuit
Debugger
Low Voltage
Programming
MCLR VDD, Vss
Timer0 Timerl Timer2 10-bit A/ID

it it

it

; v U

U

Synchronous

Data EEPROM Serial Port

CCP1,2

USART

Note 1: Higher order bits are from the STATUS register.

© 2001 Microchip Technology Inc.
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PIC16F87X

FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
. Program Data
Device Data Memor
FLASH Y| EEprom
PIC16F874 4K 192 Bytes 128 Bytes
PIC16F877 8K 368 Bytes 256 Bytes
3 ” Data Bus 8 PORTA
FLASH RAO/ANO
Program RA1/AN1
Memory RAM RA2/AN2/VREF-
8 Level Stack File i RA3/AN3/VREF+
(13-bit) Registers RA4TOCKI
RA5/AN4/SS
Program
Bus 4 RAM Addr® 4 g PORTE
4 RBO/INT
Instruction reg Addr MUX ig;
X |—
H Direct Addr 7 Indirect RB3/PGM
RB4
RB5
RB6/PGC
STATUS reg RB7/PGD
8
PORTC
RCO/T10SO/T1CKI
Power-up 3 RC1/T10SI/CCP2
Timer RC2/CCP1
Instruction Oscillator RC3/SCK/SCL
Decode & [—>1 | Start-up Timer ALU RC4/SDI/SDA
Control RC5/SDO
Power on 8 L | RC6ITXICK
ese RC7/RX/DT
Timing Watchdog
% Generation <= Timer PORTD
OSC1/CLKIN Brown-out RDO/PSPO
OSC2/CLKOUT Reset 3 RD1/PSP1
In-Circuit N RD2/PSP2
Debugger n RD3/PSP3
Low-Voltage » RDA4/PSP4
Programming Parallel Slave Portk(; 9 RD5/PSP5
< RD6/PSP6
< RD7/PSP7
PORTE
MCLR VDD, Vss ] REO/ANS/RD
X RELAN6/WR
X] RE2/AN7/CS
Timer0 Timerl Timer2 10-bit A/ID

;

v

U

U

Data EEPROM

CCP1,2

Synchronous
Serial Port

USART

Note 1: Higher order bits are from the STATUS register.
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PIC16F87X

TABLE 1-1: PIC16F873 AND PIC16F876 PINOUT DESCRIPTION
Pin Name D.IP SQIC Vorp Buffer Description
Pin# Pin# Type Type
OSC1/CLKIN 9 9 | sT/cMos® | Oscillator crystal input/external clock source input.
OSC2/CLKOUT 10 10 (@) — Oscillator crystal output. Connects to crystal or resonator in
crystal oscillator mode. In RC mode, the OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and denotes
the instruction cycle rate.
MCLR/\VPP 1 1 P ST Master Clear (Reset) input or programming voltage input. This
pin is an active low RESET to the device.
PORTA is a bi-directional 1/0O port.
RAO/ANO 2 110 TTL RAO can also be analog inputO.
RA1/AN1 3 110 TTL RA1 can also be analog inputl.
RA2/AN2/VREF- 4 110 TTL RAZ2 can also be analog input2 or negative analog
reference voltage.
RA3/AN3/VREF+ 5 5 110 TTL RA3 can also be analog input3 or positive analog
reference voltage.
RA4/TOCKI 6 6 110 ST RA4 can also be the clock input to the Timer0
module. Output is open drain type.
RA5/SS/AN4 7 7 110 TTL RAS5 can also be analog input4 or the slave select
for the synchronous serial port.
PORTB is a bi-directional 1/O port. PORTB can be software
programmed for internal weak pull-up on all inputs.
RBO/INT 21 21 110 TTLIST® RBO can also be the external interrupt pin.
RB1 22 22 110 TTL
RB2 23 23 110 TTL
RB3/PGM 24 24 110 TTL RB3 can also be the low voltage programming input.
RB4 25 25 110 TTL Interrupt-on-change pin.
RB5 26 26 110 TTL Interrupt-on-change pin.
RB6/PGC 27 27 110 TTLIST@ Interrupt-on-change pin or In-Circuit Debugger pin. Serial
programming clock.
RB7/PGD 28 28 110 TTLST® Interrupt-on-change pin or In-Circuit Debugger pin. Serial
programming data.
PORTC is a hi-directional I/O port.
RCO/T10SO/T1CKI 11 11 1/0 ST RCO can also be the Timerl oscillator output or Timerl
clock input.
RC1/T10Sl/CCP2 12 12 1/0 ST RC1 can also be the Timerl oscillator input or Capture2
input/Compare2 output/PWM2 output.
RC2/CCP1 13 13 110 ST RC2 can also be the Capturel input/Comparel output/
PWML1 output.
RC3/SCK/SCL 14 14 1/0 ST RC3 can also be the synchronous serial clock input/output
for both SPI and 12C modes.
RC4/SDI/SDA 15 15 1/0 ST RC4 can also be the SPI Data In (SPI mode) or
data I/O (I°C mode).
RC5/SDO 16 16 110 ST RCS5 can also be the SPI Data Out (SPI mode).
RC6/TX/CK 17 17 1/0 ST RC6 can also be the USART Asynchronous Transmit or
Synchronous Clock.
RC7/RX/DT 18 18 1/0 ST RC7 can also be the USART Asynchronous Receive or
Synchronous Data.
Vss 8,19 8,19 P — Ground reference for logic and I/O pins.
VDD 20 20 P — Positive supply for logic and 1/O pins.
Legend: |=input O = output I/O = input/output P = power
— = Not used TTL=TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

© 2001 Microchip Technology Inc.
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PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION
. DIP PLCC | QFP | I/O/P Buffer .
Pin Name Ping Ping Pin# | Type Type Description
OSC1/CLKIN 13 14 30 | ST/ICMOS™ | Oscillator crystal input/external clock source input.
OSC2/CLKOUT 14 15 31 (@) — 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.
MCLR/VPP 1 2 18 1P ST Master Clear (Reset) input or programming voltage input.
This pin is an active low RESET to the device.
PORTA is a bi-directional I/O port.
RAO/ANO 19 1/0 TTL RAOQ can also be analog inputO.
RA1/AN1 20 1/0 TTL RAL1 can also be analog inputl.
RA2/AN2/VREF- 5 21 1/0 TTL RAZ2 can also be analog input2 or negative
analog reference voltage.
RA3/AN3/VREF+ 5 6 22 1/0 TTL RA3 can also be analog input3 or positive
analog reference voltage.
RA4/TOCKI 6 7 23 1/0 ST RA4 can also be the clock input to the TimerO timer/
counter. Output is open drain type.
RA5/SS/AN4 7 8 24 1/0 TTL RAG5 can also be analog input4 or the slave select for
the synchronous serial port.
PORTB is a bi-directional I/O port. PORTB can be soft-
ware programmed for internal weak pull-up on all inputs.
RBO/INT 33 36 8 I/0 TTLISTD RBO can also be the external interrupt pin.
RB1 34 37 9 1/0 TTL
RB2 35 38 10 1/0 TTL
RB3/PGM 36 39 11 1/0 TTL RB3 can also be the low voltage programming input.
RB4 37 41 14 1/0 TTL Interrupt-on-change pin.
RB5 38 42 15 1/0 TTL Interrupt-on-change pin.
RB6/PGC 39 43 16 1/0 TTL/ST® Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming clock.
RB7/PGD 40 44 17 I/0 TTL/ST@® Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming data.
Legend: |=input O = output I/O = input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose 1/0 and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

DS30292C-page 8
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PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION (CONTINUED)
. DIP PLCC QFP I/0/P Buffer .
Pin Name Ping Ping Pin# | Type Type Description
PORTC is a bi-directional 1/0O port.
RCO/T10SO/T1CKI | 15 16 32 1/0 ST RCO can also be the Timerl oscillator output or a
Timer1 clock input.
RC1/T10SI/CCP2 16 18 35 1/0 ST RC1 can also be the Timerl oscillator input or
Capture2 input/Compare2 output/PWM2 output.
RC2/CCP1 17 19 36 1/0 ST RC2 can also be the Capturel input/Comparel
output/PWM1 output.
RC3/SCK/SCL 18 20 37 110 ST RC3 can also be the synchronous serial clock input/
output for both SPI and 12C modes.
RC4/SDI/SDA 23 25 42 110 ST RC4 can also be the SPI Data In (SPI mode) or
data 1/0 (1°C mode).
RC5/SDO 24 26 43 110 ST RCS5 can also be the SPI Data Out (SPI mode).
RC6/TX/CK 25 27 44 110 ST RC6 can also be the USART Asynchronous Transmit
or Synchronous Clock.
RC7/RX/DT 26 29 1 1/0 ST RC7 can also be the USART Asynchronous Receive
or Synchronous Data.
PORTD is a bi-directional I/0 port or parallel slave port
when interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 110 STTTL®
RD1/PSP1 20 22 39 110 STTTL®
RD2/PSP2 21 23 40 110 STTTL®
RD3/PSP3 22 24 41 110 STTTL®
RD4/PSP4 27 30 2 Vo) STITTL®
RD5/PSP5 28 31 3 110 STITTL®
RD6/PSP6 29 32 4 110 STTTLE)
RD7/PSP7 30 33 5 110 STATL®
PORTE is a bi-directional I/O port.
REO/RD/AN5 8 9 25 110 STITTL® REO can also be read control for the parallel slave
port, or analog input5.
RE1/WR/AN6 9 10 26 110 STITTL® REL1 can also be write control for the parallel slave
port, or analog input6.
RE2/CS/AN7 10 11 27 110 STITTL® RE2 can also be select control for the parallel slave
port, or analog input?.
Vss 12,31 | 13,34 6,29 P — Ground reference for logic and 1/O pins.
VDD 11,32 | 12,35 7,28 P — Positive supply for logic and I/O pins.
NC — | 1,17,28, | 12,13, — These pins are not internally connected. These pins
40 33,34 should be left unconnected.
Legend: |=input O = output I/O = input/output P = power
— = Not used TTL =TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

© 2001 Microchip Technology Inc.

DS30292C-page 9



PIC16F87X

NOTES:
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PIC16F87X

2.0 MEMORY ORGANIZATION

There are three memory blocks in each of the
PIC16F87X MCUs. The Program Memory and Data
Memory have separate buses so that concurrent
access can occur and is detailed in this section. The
EEPROM data memory block is detailed in Section 4.0.

Additional information on device memory may be found
in the PICmicro™ Mid-Range Reference Manual,
(DS33023).

FIGURE 2-1: PIC16F877/876 PROGRAM
MEMORY MAP AND
STACK
PC<12:0>
CALL, RETURN 13

RETFIE, RETLW

Stack Level 1
Stack Level 2
L]
[ ]
[ ]
Stack Level 8
RESET Vector 0000h
L]
° <}:
*
Interrupt Vector 0004h
0005h
Page 0
07FFh
0800h
) Page 1
On-Chip
O0FFFh
Program
Memory 1000h
Page 2
17FFh
1800h
Page 3
1FFFh

2.1 Program Memory Organization

The PIC16F87X devices have a 13-bit program counter
capable of addressing an 8K x 14 program memory
space. The PIC16F877/876 devices have 8K x 14
words of FLASH program memory, and the
PIC16F873/874 devices have 4K x 14. Accessing a
location above the physically implemented address will
cause a wraparound.

The RESET vector is at 0000h and the interrupt vector
is at 0004h.

FIGURE 2-2: PIC16F874/873 PROGRAM
MEMORY MAP AND
STACK
PC<12:0>
CALL, RETURN | 13

RETFIE, RETLW [

Stack Level 1
Stack Level 2
°
[ ]
[ ]
Stack Level 8
RESET Vector 0000h
L]
° <::
[ ]
Interrupt Vector 0004h
0005h
On-Chip Page 0
Program 07FFh
Memory 0800h
Page 1
OFFFh
1000h
1FFFh

© 2001 Microchip Technology Inc.
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PIC16F87X

2.2 Data Memory Organization

The data memory is partitioned into multiple banks
which contain the General Purpose Registers and the
Special Function Registers. Bits RP1 (STATUS<6>)
and RPO (STATUS<5>) are the bank select bits.

RP1:RPO Bank
00 0
01 1
10 2
11 3

Each bank extends up to 7Fh (128 bytes). The lower
locations of each bank are reserved for the Special
Function Registers. Above the Special Function Regis-
ters are General Purpose Registers, implemented as
static RAM. All implemented banks contain Special
Function Registers. Some frequently used Special
Function Registers from one bank may be mirrored in
another bank for code reduction and quicker access.

Note: EEPROM Data Memory description can be
found in Section 4.0 of this data sheet.

221 GENERAL PURPOSE REGISTER
FILE

The register file can be accessed either directly, or indi-
rectly through the File Select Register (FSR).

DS30292C-page 12
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PIC16F87X

FIGURE 2-3: PIC16F877/876 REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr.”) | 0oh Indirect addr.”) | gon Indirect addr.(? | 100h Indirect addr.”? | 180h
TMRO 01h OPTION_REG | 81h TMRO 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
ESR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD® | 08h TRISD® | 88h 108h 188h
PORTEWD | 09h TRISED | 89h 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMR1L OEh PCON 8Eh EEDATH | 10Eh Reserved® | 18Eh
TMR1H OFh 8Fh EEADRH 10Fh Reserved® 18Fh
T1CON 10h 90h 110h 190h
TMR2 11h SSPCON2 | 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD 93h 113h 193h
SSPCON 14h SSPSTAT | 94h 114h 194h
CCPR1L 15h 95h 115h 195h
CCPR1H 16h 96h 116h 196h
CCP1CON | 17h 97h General 117h general 197h
RCSTA 18h TXSTA 98h E:;,Fi’;z? 118h R:gi’;zer 198h
TXREG 19h SPBRG 99h 16 Bytes 119h 16 Bytes 199h
RCREG 1Ah 9Ah 11Ah 19Ah
CCPR2L 1Bh 9Bh 11Bh 19Bh
CCPR2H 1Ch 9Ch 11Ch 19Ch
CCP2CON | 1Dh 9Dh 11Dh 19Dh
ADRESH 1Eh ADRESL 9Eh 11Eh 19Eh
ADCONO | 1Fh ADCON1 9Fh 11Fh 19Fh
20h Aoh 120h 1A0h
General General General General
Purpose Purpose Purpose Purpose
Register Register Register Register
96 Bytes 80 Bytes — 80 Bytes 16Fh 80 Bytes 1EEh
accesses Foh accesses 170h accesses 1FOh
70h-7Fh 70h-7Fh 70h - 7Fh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
D Unimplemented data memory locations, read as '0’.
* Not a physical register.
Note 1: These registers are not implemented on the PIC16F876.
2: These registers are reserved, maintain these registers clear.

© 2001 Microchip Technology Inc. DS30292C-page 13
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FIGURE 2-4: PIC16F874/873 REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr.”) | 0oh Indirect addr.”) | goh Indirect addr.®) | 100h Indirect addr.”) | 180h
TMRO 01h OPTION_REG | 81h TMRO 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD®D | 08h TRISDD | 88h 108h 188h
PORTE® | 09h TRISE® | 8oh 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMR1L OEh PCON 8Eh EEDATH 10Eh Reserved® | 18Eh
TMR1H OFh 8Fh EEADRH 10Fh Reserved® 18Fh
T1CON 10h 90h 110h 190h
TMR2 11h SSPCONZ2 91h
T2CON 12h PR2 92h
SSPBUF 13h SSPADD 93h
SSPCON 14h SSPSTAT 94h
CCPRI1L 15h 95h
CCPR1H 16h 96h
CCP1CON 17h 97h
RCSTA 18h TXSTA 98h
TXREG 19h SPBRG 99h
RCREG 1Ah 9Ah
CCPR2L 1Bh 9Bh
CCPR2H 1Ch 9Ch
CCP2CON 1Dh 9Dh
ADRESH 1Eh ADRESL 9Eh
ADCONO 1Fh ADCON1 9Fh 120h 1A0h
20h AOh
General General
Eggﬁ;’%‘i Eggﬁ;’%‘i accesses accesses
20h-7Fh AOh - FFh
96 Bytes 96 Bytes 16Fh 1EFh
170h 1FOh
7Fh FFh 17Fh 1FFh
Bank O Bank 1 Bank 2 Bank 3

] Unimplemented data memory locations, read as '0’.
* Not a physical register.
Note 1: These registers are not implemented on the PIC16F873.
2: These registers are reserved, maintain these registers clear.
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222

The Special Function Registers are registers used by
the CPU and peripheral modules for controlling the
desired operation of the device. These registers are
implemented as static RAM. A list of these registers is

SPECIAL FUNCTION REGISTERS

given in Table 2-1.

The Special Function Registers can be classified into

two sets: core (CPU) and peripheral. Those registers

peripheral features section.

associated with the core functions are described in
detail in this section. Those related to the operation of
the peripheral features are described in detail in the

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY
Value on: | Details
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, on
BOR page:
Bank 0
00h® INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 27
01lh TMRO TimerO Module Register XXXX XXXX a7
02h®) PCL Program Counter (PC) Least Significant Byte 0000 0000 | 26
03h®  [staTUS RP | RrRP1 | RPO To PD z | pc | ¢ Jooor 1xxx| 18
04h®) FSR Indirect Data Memory Address Pointer XXXK XXXX 27
05h PORTA — [ —  [PORTA Data Latch when written: PORTA pins when read --0x 0000 | 29
06h PORTB PORTB Data Latch when written: PORTB pins when read XXXX XXXX 31
07h PORTC PORTC Data Latch when written: PORTC pins when read XXXX XXXX 33
08h) PORTD PORTD Data Latch when written: PORTD pins when read xxxx xxxx| 35
09h* PORTE — — — — — RE2 RE1 REO |---- -xxx| 36
0AhY3 | PCLATH = = = Write Buffer for the upper 5 bits of the Program Counter ---0 0000| 26
0Bh® INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 20
0Ch PIR1 PSPIF®) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMRI1IF | 0000 0000 22
0Dh PIR2 — (5) — EEIF BCLIF — — CCP2IF | -r-0 0--0 24
OEh TMRI1L Holding register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX 52
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 Register XXXK XXXX 52
10h T1CON — | —  Trickpesi] Tickpso | Tioscen | Tisync | TMRics | TMRION | =00 oooo| 51
11h TMR2 Timer2 Module Register 0000 0000 55
12h T2CON — [voutpss | Toutps2 | Toutpst | ToutPso | TMR20N | T2ckPs1 [ T2cKPSO | 000 0000 | 55
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register xxxx xxxx | 70,73
14h SSPCON wcoL | sspov | sspEN | ckp | sspm3 | sspm2 | sspmi | sspmo [o000 oooo| 67
15h CCPR1L Capture/Compare/PWM Registerl (LSB) XXXK XXXX 57
16h CCPR1H Capture/Compare/PWM Registerl (MSB) XXXK XXXX 57
17h CCP1CON — — CCP1X CCP1Y CCP1M3 CCP1M2 CCP1M1 | CCP1IMO | --00 0000 58
18h RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x 96
19h TXREG USART Transmit Data Register 0000 0000 99
1Ah RCREG USART Receive Data Register 0000 0000 101
1Bh CCPR2L Capture/Compare/PWM Register2 (LSB) XXXK XXXX 57
1Ch CCPR2H Capture/Compare/PWM Register2 (MSB) XXXK XXXX 57
1Dh CCP2CON — | — T ccpax | ccpay [ ccpams | ccpamz | ccpami [ copamo | --00 oooo| 58
1Eh ADRESH A/D Result Register High Byte XXXX XXXX 116
1Fh ADCONO apcs1 | apcso | cHs2 | cHst | cHso [GomoNE| — | ApoN [o000 0o-0o| 111
Legend:  x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as '0', r = reserved.

Note 1:

abwnN

Shaded locations are unimplemented, read as ‘0’
The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose
contents are transferred to the upper byte of the program counter.

. Bits PSPIE and PSPIF are reserved on PIC16F873/876 devices; always maintain these bits clear.

: These registers can be addressed from any bank.

. PORTD, PORTE, TRISD, and TRISE are not physically implemented on PIC16F873/876 devices; read as ‘0’.
. PIR2<6> and PIE2<6> are reserved on these devices; always maintain these bits clear.

© 2001 Microchip Technology Inc.
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PIC16F87X

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Value on: | Details
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, on

BOR page:

Bank 1

80h®) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 27
81h OPTION_REG| RBPU | INTEDG | Tocs | TosE | PsA | pPs2 | Ppst | Pso |i111 1111 19
82h@) PCL Program Counter (PC) Least Significant Byte 0000 0000| 26
83n® | sTATUS rRp | rRra [ R0 | To | 0 | z [ obc [ ¢ Jooo1r ixxx| 18
84h®) FSR Indirect Data Memory Address Pointer XXXX XXXX 27
85h TRISA — | —  |PORTA Data Direction Register --11 1111 29
86h TRISB PORTB Data Direction Register 1111 1111 31
87h TRISC PORTC Data Direction Register 1111 1111 33
88h*) TRISD PORTD Data Direction Register 1111 1111| 35
89h™ TRISE IBF OBF IBOV PSPMODE — PORTE Data Direction Bits 0000 -111 37
8AR(3) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 26
8Bh® INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 20
8Ch PIE1 PSPIE® ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMRILIE | 0000 0000 21
8Dh PIE2 — (5) — EEIE BCLIE — — CCP2IE | -r-0 0--0 23
8Eh PCON = = = = = = POR BOR |---- -- qq| 25
8Fh — Unimplemented — —
90h — Unimplemented — —
91h SSPCON2 GCEN | AcksTAT | ACKDT | ACKEN | RCEN | PEN | RSEN | SEN |0000 0000| 68
92h PR2 Timer2 Period Register 1111 1111 55

93h SSPADD Synchronous Serial Port (IZC mode) Address Register 0000 0000 | 73,74
94h SSPSTAT smp | cke | bA | p | s | rRw | ua | BF |ocoo oooo| 66
95h — Unimplemented — —
96h — Unimplemented — —
97h — Unimplemented — —
98h TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 95
99h SPBRG Baud Rate Generator Register 0000 0000 97
9Ah — Unimplemented — —
9Bh — Unimplemented — —
9Ch — Unimplemented — —
9Dh — Unimplemented — —
9Eh ADRESL A/D Result Register Low Byte XXXK XXXX 116
9Fh ADCON1 ADFM — — — PCFG3 PCFG2 PCFG1 PCFGO |0--- 0000 112

Legend:  x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as '0', r = reserved.
Shaded locations are unimplemented, read as ‘0’.

Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose

contents are transferred to the upper byte of the program counter.

aAWN

. Bits PSPIE and PSPIF are reserved on PIC16F873/876 devices; always maintain these bits clear.

. These registers can be addressed from any bank.

. PORTD, PORTE, TRISD, and TRISE are not physically implemented on PIC16F873/876 devices; read as ‘0’.
PIR2<6> and PIE2<6> are reserved on these devices; always maintain these bits clear.

DS30292C-page 16
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Value on: | Details
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, on
BOR page:
Bank 2
100h® INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 27
101h TMRO Timer0 Module Register XXXX XKXX 47
102h® | pCL Program Counter's (PC) Least Significant Byte 0000 0000 | 26
103h® [ sTATUS RP | RrRP1 | RPO T0 m | z | opc | c  Jooo1 1xxx| 18
104h®) FSR Indirect Data Memory Address Pointer XXXK XXXX 27
105h — Unimplemented = =
106h PORTB PORTB Data Latch when written: PORTB pins when read XXXX XXXX 31
107h — Unimplemented = —
108h — Unimplemented — —
109h — Unimplemented — —
10Ah13) | PCLATH = = = Write Buffer for the upper 5 bits of the Program Counter ---0 0000| 26
10Bh®) INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 20
10Ch EEDATA EEPROM Data Register Low Byte XXXX XKXX 41
10Dh EEADR EEPROM Address Register Low Byte XXXX XXXX 41
10Eh EEDATH — — EEPROM Data Register High Byte XXXX XXXX 41
10Fh EEADRH — — — | EEPROM Address Register High Byte XXXX XXXX 41
Bank 3
180n®) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 27
181h OPTION_REG | RBPU | INTEDG | Tocs | Tose | PsA | ps2 | Pst | Pso |1111 1111 19
182h®) | pCL Program Counter (PC) Least Significant Byte 0000 0000| 26
183h® | sTATUS rRp | rea [ rro | To | Pb | z [ obc | ¢ Jooor ixxx| 18
184h® | FSR Indirect Data Memory Address Pointer XXXX xxxx| 27
185h — Unimplemented — —
186h TRISB PORTB Data Direction Register 1111 1111 31
187h — Unimplemented = —
188h — Unimplemented = =
189h — Unimplemented = =
18Ah(L3) | PCLATH = = = Write Buffer for the upper 5 bits of the Program Counter ---0 0000| 26
18Bh(3) INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 20
18Ch EECON1 EEPGD — — — WRERR WREN WR RD x--- x000 | 41,42
18Dh EECON2 EEPROM Control Register2 (not a physical register) - —_-- 41
18Eh — Reserved maintain clear 0000 0000 —
18Fh — Reserved maintain clear 0000 0000 —
Legend:  x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as '0', r = reserved.
Shaded locations are unimplemented, read as ‘0’.
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose
contents are transferred to the upper byte of the program counter.
2: Bits PSPIE and PSPIF are reserved on PIC16F873/876 devices; always maintain these bits clear.
3: These registers can be addressed from any bank.
4: PORTD, PORTE, TRISD, and TRISE are not physically implemented on PIC16F873/876 devices; read as ‘0".
5: PIR2<6> and PIE2<6> are reserved on these devices; always maintain these bits clear.

© 2001 Microchip Technology Inc.
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2221 STATUS Register

The STATUS register contains the arithmetic status of
the ALU, the RESET status and the bank select bits for
data memory.

The STATUS register can be the destination for any
instruction, as with any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable, therefore, the result of an instruction with the
STATUS register as destination may be different than
intended.

For example, CLRF STATUS will clear the upper three
bits and set the Z bit. This leaves the STATUS register
as 000u uluu (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register, because these instructions do not
affect the Z, C or DC bits from the STATUS register. For
other instructions not affecting any status bits, see the
“Instruction Set Summary."

Note: The C and DC bits operate as a borrow
and digit borrow bit, respectively, in sub-
traction. See the SUBLW and SUBWF

instructions for examples.

REGISTER 2-1: STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)
R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RPL | RPO | TO PO | z | bc C
bit 7 bit 0
bit 7 IRP: Register Bank Select bit (used for indirect addressing)
1 =Bank 2, 3 (100h - 1FFh)
0 =Bank 0, 1 (0O0h - FFh)
bit 6-5 RP1:RPO: Register Bank Select bits (used for direct addressing)
11 = Bank 3 (180h - 1FFh)
10 = Bank 2 (100h - 17Fh)
01 = Bank 1 (80h - FFh)
00 = Bank 0 (00h - 7Fh)
Each bank is 128 bytes
bit 4 TO: Time-out bit
1 = After power-up, CLRWDT instruction, or SLEEP instruction
0 = A WDT time-out occurred
bit 3 PD: Power-down bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction
bit 2 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
bit 1 DC: Digit carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)
(for borrow, the polarity is reversed)
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
bit 0 C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note: For borrow, the polarity is reversed. 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.

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

W = Writable bit
1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown

DS30292C-page 18
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2222 OPTION_REG Register

The OPTION_REG Register is a readable and writable
register, which contains various control bits to configure
the TMRO prescaler/WDT postscaler (single assign-

Note:

To achieve a 1:1 prescaler assignment for
the TMRO register, assign the prescaler to
the Watchdog Timer.

able register known also as the prescaler), the External
INT Interrupt, TMRO and the weak pull-ups on PORTB.

REGISTER 2-2: OPTION_REG REGISTER (ADDRESS 81h, 181h)

RW-1  RMW-1  RW-1  RMW- RW-1 RW-1  RMW-1  RMW-1
RBPU | INTEDG | Tocs | TosE | PsA | Ps2 PS1 PSO
bit 7 bit 0
bit 7 RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled

0 = PORTB pull-ups are enabled by individual port latch values

bit 6 INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin

bit 5 TOCS: TMRO Clock Source Select bit
1 = Transition on RA4/TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)

bit 4 TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin

bit 3 PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT

0 = Prescaler is assigned to the TimerO module

bit 2-0 PS2:PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate
000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown

Note:  When using low voltage ICSP programming (LVP) and the pull-ups on PORTB are enabled, bit 3
in the TRISB register must be cleared to disable the pull-up on RB3 and ensure the proper oper-

ation of the device

© 2001 Microchip Technology Inc.
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2223 INTCON Register

The INTCON Register is a readable and writable regis-
ter, which contains various enable and flag bits for the
TMRO register overflow, RB Port change and External
RBO/INT pin interrupts.

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User soft-
ware should ensure the appropriate inter-
rupt flag bits are clear prior to enabling an
interrupt.

REGISTER 2-3: INTCON REGISTER (ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)

RW-0  RWO RW-0  RW-0 RIW-0 RW-0  RMW-0  RMW-X
GIE PEEE | TOIE INTE RBIE | TOF | INTF | RBIF
bit 7 bit 0
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts
0 = Disables all interrupts

bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
bit 5 TOIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt
bit 4 INTE: RBO/INT External Interrupt Enable bit
1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt
bit 3 RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt
bit 2 TOIF: TMRO Overflow Interrupt Flag bit
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1 INTF: RBO/INT External Interrupt Flag bit
1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur
bit 0 RBIF: RB Port Change Interrupt Flag bit

1 = At least one of the RB7:RB4 pins changed state; a mismatch condition will continue to set
the bit. Reading PORTB will end the mismatch condition and allow the bit to be cleared
(must be cleared in software).

0 = None of the RB7:RB4 pins have changed state

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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2224 PIE1 Register

The PIE1 register contains the individual enable bits for Note: Bit PEIE (INTCON<6>) must be set to
the peripheral interrupts. enable any peripheral interrupt.
REGISTER 2-4: PIE1 REGISTER (ADDRESS 8Ch)

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

R/W-0 RW-0  RMW-0  R/W-0 R/W-0 RW-0 R/MW-0  R/W-0
psPE® | ADIE | RCIE | TXE | SSPIE CCP1IE | TMR2IE | TMRLIE
bit 7 bit 0

PSPIE®: Parallel Slave Port Read/Write Interrupt Enable bit

1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt

ADIE: A/D Converter Interrupt Enable bit

1 = Enables the A/D converter interrupt
0 = Disables the A/D converter interrupt

RCIE: USART Receive Interrupt Enable bit

1 = Enables the USART receive interrupt
0 = Disables the USART receive interrupt

TXIE: USART Transmit Interrupt Enable bit

1 = Enables the USART transmit interrupt
0 = Disables the USART transmit interrupt

SSPIE: Synchronous Serial Port Interrupt Enable bit

1 = Enables the SSP interrupt
0 = Disables the SSP interrupt

CCPL1IE: CCP1 Interrupt Enable bit

1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

TMR1IE: TMR1 Overflow Interrupt Enable bit

1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

Note 1: PSPIE is reserved on PIC16F873/876 devices; always maintain this bit clear.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bitis set '0’ = Bit is cleared X = Bitis unknown
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2.2.25 PIR1 Register Note: Interrupt flag bits are set when an interrupt
The PIR1 register contains the individual flag bits for condition occurs, regardless of the state of
the peripheral interrupts. its corresponding enable bit or the global

enable bit, GIE (INTCON<7>). User soft-
ware should ensure the appropriate interrupt
bits are clear prior to enabling an interrupt.

REGISTER 2-5: PIR1 REGISTER (ADDRESS 0Ch)

RW-0  RM-0 R-0 R-0 RW-0  RMW-0  RW-0  RMW-0
PsPIFD | ADIF | RCIF | TXIF | SSPIF | CCPLF | TMR2IF | TMRLIF
bit 7 bit 0
bit 7 PSPIF(M): Parallel Slave Port Read/Write Interrupt Flag bit

1 = A read or a write operation has taken place (must be cleared in software)
0 = No read or write has occurred

bit 6 ADIF: A/D Converter Interrupt Flag bit
1 = An A/D conversion completed
0 = The A/D conversion is not complete

bit 5 RCIF: USART Receive Interrupt Flag bit
1 = The USART receive buffer is full
0 = The USART receive buffer is empty

bit 4 TXIF: USART Transmit Interrupt Flag bit
1 = The USART transmit buffer is empty
0 = The USART transmit buffer is full

bit 3 SSPIF: Synchronous Serial Port (SSP) Interrupt Flag
1 = The SSP interrupt condition has occurred, and must be cleared in software before returning
from the Interrupt Service Routine. The conditions that will set this bit are:
* SPI
- A transmission/reception has taken place.
« I°C Slave
- A transmission/reception has taken place.
* 12C Master
- A transmission/reception has taken place.
- The initiated START condition was completed by the SSP module.
- The initiated STOP condition was completed by the SSP module.
- The initiated Restart condition was completed by the SSP module.
- The initiated Acknowledge condition was completed by the SSP module.
- A START condition occurred while the SSP module was idle (Multi-Master system).
- A STOP condition occurred while the SSP module was idle (Multi-Master system).
0 = No SSP interrupt condition has occurred.
bit 2 CCP1IF: CCP1 Interrupt Flag bit
Capture mode:
1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMR1 register capture occurred
Compare mode:
1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMRL1 register compare match occurred
PWM mode:
Unused in this mode
bit 1 TMR2IF: TMR2 to PR2 Match Interrupt Flag bit
1 = TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred
bit 0 TMR1IF: TMR1 Overflow Interrupt Flag bit
1 = TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

Note 1: PSPIF is reserved on PIC16F873/876 devices; always maintain this bit clear.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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2.2.2.6 PIE2 Register

The PIE2 register contains the individual enable bits for
the CCP2 peripheral interrupt, the SSP bus collision
interrupt, and the EEPROM write operation interrupt.

REGISTER 2-6: PIE2 REGISTER (ADDRESS 8Dh)

U-0 R/W-0 u-0 R/W-0 R/W-0 U-0 U-0 R/W-0
— |Reseved| — | EEIE | BCLE — — | ccpaie
bit 7 bit 0
bit 7 Unimplemented: Read as '0'
bit 6 Reserved: Always maintain this bit clear
bit 5 Unimplemented: Read as '0’
bit 4 EEIE: EEPROM Write Operation Interrupt Enable

1 = Enable EE Write Interrupt
0 = Disable EE Write Interrupt

bit 3 BCLIE: Bus Callision Interrupt Enable

1 = Enable Bus Collision Interrupt
0 = Disable Bus Collision Interrupt

bit 2-1 Unimplemented: Read as '0’
bit 0 CCP2IE: CCP2 Interrupt Enable bit

1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bit is set '0’ = Bitis cleared X = Bit is unknown
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2.2.2.7 PIR2 Register

The PIR2 register contains the flag bits for the CCP2
interrupt, the SSP bus collision interrupt and the
EEPROM write operation interrupt.

REGISTER 2-7:

bit 7
bit 6
bit 5
bit 4

bit 3

bit 2-1
bit 0

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User soft-
ware should ensure the appropriate inter-
rupt flag bits are clear prior to enabling an

interrupt.
PIR2 REGISTER (ADDRESS 0Dh)
U-0 R/W-0 U-0 R/W-0 R/W-0 U-0 U-0 R/W-0
— |Reseved| — | EEF | BCLF — — CCP2IF
bit 7 bit 0

Unimplemented: Read as '0’

Reserved: Always maintain this bit clear

Unimplemented: Read as '0’

EEIF: EEPROM Write Operation Interrupt Flag bit

1 = The write operation completed (must be cleared in software)
0 = The write operation is not complete or has not been started
BCLIF: Bus Collision Interrupt Flag bit

1 = A bus collision has occurred in the SSP, when configured for 12C Master mode
0 = No bus collision has occurred

Unimplemented: Read as '0’

CCP2IF: CCP2 Interrupt Flag bit

Capture mode:

1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMRL1 register capture occurred

Compare mode:

1 = ATMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred

PWM mode:

Unused

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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2.2.2.8 PCON Register

Note: BOR is unknown on POR. It must be set by
The Power Control (PCON) Register contains flag bits the user and checked on subsequent
to allow differentiation between a Power-on Reset RESETS to see if BOR is clear, indicating
(POR), a Brown-out Reset (BOR), a Watchdog Reset a brown-out has occurred. The BOR status
(WDT), and an external MCLR Reset. bit is a “don’t care” and is not predictable if
the brown-out circuit is disabled (by clear-
ing the BODEN bit in the configuration
word).
REGISTER 2-8: PCON REGISTER (ADDRESS 8Eh)
uU-0 uU-0 u-0 uU-0 uU-0 uU-0 R/W-0 R/W-1
— | = ] =T = T = — | POorR | BOR
bit 7 bit 0
bit 7-2 Unimplemented: Read as '0'
bit 1 POR: Power-on Reset Status bit
1 = No Power-on Reset occurred
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)
bit 0 BOR: Brown-out Reset Status bit

1 = No Brown-out Reset occurred

0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)

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

W = Writable bit
1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bitis unknown
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2.3 PCL and PCLATH

The program counter (PC) is 13-bits wide. The low byte
comes from the PCL register, which is a readable and
writable register. The upper bits (PC<12:8>) are not
readable, but are indirectly writable through the
PCLATH register. On any RESET, the upper bits of the
PC will be cleared. Figure 2-5 shows the two situations
for the loading of the PC. The upper example in the fig-
ure shows how the PC is loaded on a write to PCL
(PCLATH<4:0> — PCH). The lower example in the fig-
ure shows how the PC is loaded during a CALL or GOTO
instruction (PCLATH<4:3> — PCH).

FIGURE 2-5: LOADING OF PC IN
DIFFERENT SITUATIONS
PCH PCL
12 8 7 0 |nstruction with
pC | | PCLas
Destination
PCLATH<4:0> 8
5 ALU
LITTTTTT]
PCLATH
PCH PCL
12 11 10 8 7 0
PC | | § | coro,carr
PCLATH<4:3> 11
2 Opcode <10:0>
LITTTTT]
PCLATH

23.1 COMPUTED GOTO

A computed cGOTO is accomplished by adding an offset
to the program counter (ADDWF PCL). When doing a
table read using a computed GOTO method, care
should be exercised if the table location crosses a PCL
memory boundary (each 256 byte block). Refer to the
application note, “Implementing a Table Read"
(AN556).

23.2 STACK

The PIC16F87X family has an 8-level deep x 13-bit wide
hardware stack. The stack space is not part of either pro-
gram or data space and the stack pointer is not readable
or writable. The PC is PUSHed onto the stack when a
CALL instruction is executed, or an interrupt causes a
branch. The stack is POPed in the event of a
RETURN, RETLW Or a RETFIE instruction execution.
PCLATH is not affected by a PUSH or POP operation.

The stack operates as a circular buffer. This means that
after the stack has been PUSHed eight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
S0 on).

Note 1: There are no status bits to indicate stack
overflow or stack underflow conditions.

2: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the
CALL, RETURN, RETLW and RETFIE
instructions, or the vectoring to an inter-
rupt address.

24 Program Memory Paging

All PIC16F87X devices are capable of addressing a
continuous 8K word block of program memory. The
CALL and GOTO instructions provide only 11 bits of
address to allow branching within any 2K program
memory page. When doing a CALL or GOTO instruction,
the upper 2 bits of the address are provided by
PCLATH<4:3>. When doing a CALL or GOTO instruc-
tion, the user must ensure that the page select bits are
programmed so that the desired program memory
page is addressed. If a return from a CALL instruction
(orinterrupt) is executed, the entire 13-bit PC is popped
off the stack. Therefore, manipulation of the
PCLATH<4:3> bits is not required for the return instruc-
tions (which POPs the address from the stack).

Note: The contents of the PCLATH register are
unchanged after a RETURN or RETFIE
instruction is executed. The user must
rewrite the contents of the PCLATH regis-
ter for any subsequent subroutine calls or
GOTO instructions.

Example 2-1 shows the calling of a subroutine in
page 1 of the program memory. This example assumes
that PCLATH is saved and restored by the Interrupt
Service Routine (if interrupts are used).

EXAMPLE 2-1: CALL OF A SUBROUTINE

IN PAGE 1 FROM PAGE 0

ORG 0x500
BCF PCLATH, 4
BSF PCLATH, 3 ;Select page 1
; (800h-FFFh)
CALL SUB1_Pl1 ;Call subroutine in
: ;page 1 (800h-FFFh)

ORG 0x900 ;page 1 (800h-FFFh)

SUB1_P1
;called subroutine
;page 1 (800h-FFFh)

RETURN ;return to
;Call subroutine
;in page 0
; (000h-7FFh)
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2.5 Indirect Addressing, INDF and

FSR Registers

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

The INDF register is not a physical register. Addressing EXAMPLE 2-2: INDIRECT ADDRESSING
the INDF register will cause indirect addressing. MOVLH 0%20 ;initialize pointer
Indirect addressing is possible by using the INDF reg- MOVWF FSR ;to RAM
ister. Any instruction using the INDF register actually NEXT CLRF  INDF iclear INDF register
accesses the register pointed to by the File Select Reg- INCF FSR,F ;inc pointer
ister, FSR. Reading the INDF register itself, indirectly BTFSS FSR,4  jall done?
(FSR ='0") will read 00h. Writing to the INDF register CONTINUE GOTO NEXT  ;no clear next
indirectly results in a no operation (although status bits .yes continue
may be affected). An effective 9-bit address is obtained '
by concatenating the 8-bit FSR register and the IRP bit
(STATUS<7>), as shown in Figure 2-6.
FIGURE 2-6: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1:RPO 6 From Opcode 0 IRP 7 FSR register 0
- v J - v N v J
Bank Select Location Select Bank Select Location Select
\ » 00 01 10 11 </
00h 80h 100h 180h
Data
Memory®
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
Note 1: For register file map detail, see Figure 2-3.
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NOTES:
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3.0 I/OPORTS

Some pins for these I/O ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose /O pin.

Additional information on 1/O ports may be found in the
PICmicro™ Mid-Range Reference Manual, (DS33023).

3.1 PORTA and the TRISA Register

PORTA is a 6-bit wide, bi-directional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (= 1) will make the corresponding PORTA pin
an input (i.e., put the corresponding output driver in a
Hi-Impedance mode). Clearing a TRISA bit (= 0) will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).

Reading the PORTA register reads the status of the
pins, whereas writing to it will write to the port latch. All
write operations are read-modify-write operations.
Therefore, a write to a port implies that the port pins are
read, the value is modified and then written to the port
data latch.

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/TOCKI pin. The RA4/TOCKI
pin is a Schmitt Trigger input and an open drain output.
All other PORTA pins have TTL input levels and full
CMOS output drivers.

Other PORTA pins are multiplexed with analog inputs
and analog VREF input. The operation of each pin is
selected by clearing/setting the control bits in the
ADCONL1 register (A/D Control Registerl).

Note: On a Power-on Reset, these pins are con-
figured as analog inputs and read as '0'.

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 3-1: INITIALIZING PORTA
BCF STATUS, RPO ;
BCF STATUS, RP1 ; BankO
CLRF PORTA ; Initialize PORTA by
; clearing output
; data latches
BSF STATUS, RPO ; Select Bank 1
MOVLW 0x06 ; Configure all pins
MOVWF ADCON1 ; as digital inputs
MOVLW 0xCF ; Value used to
; initialize data
; direction
MOVWF TRISA ; Set RA<3:0> as inputs
; RA<5:4> as outputs
; TRISA<7:6>are always
; read as ‘0'.

FIGURE 3-1: BLOCK DIAGRAM OF
RA3:RAO0 AND RAS5 PINS
Data Data Latch
Bus b Q
WR VDD
Port —
4’ ck L Q D 5 VO pin®
TRIS Latch J ’—%
P N
WR
TRIS
L
RD
TRIS TTL
Input
Buffer
Q D
EN

RD Port {>€

To A/D Converter

-4

Note 1: I/O pins have protection diodes to VbD and Vss.

FIGURE 3-2: BLOCK DIAGRAM OF
RA4/TOCKI PIN
Data Data Latch
Bus D Q
WR > Ei
mer cK-Q /0 pin®
[ P
TRIS Latch
— D Q Vss
WR
TRIS .
BRI ckLQ ¢ Schmitt
T
s Y/

RD

Buffer
TRIS

d Q
RD Port F {>O - —‘

TMRO Clock Input

Note 1: 1/O pin has protection diodes to Vss only.
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TABLE 3-1: PORTA FUNCTIONS
Name Bit# Buffer Function
RAO/ANO bit0 TTL | Input/output or analog input.
RA1/AN1 bitl TTL | Input/output or analog input.
RA2/AN2 bit2 TTL | Input/output or analog input.
RA3/AN3/VREF bit3 TTL |Input/output or analog input or VREF.
RA4/TOCKI bit4 ST Input/output or external clock input for TimerO. Output is open drain type.
RA5/SS/AN4 bit5 TTL |Input/output or slave select input for synchronous serial port or analog input.

Legend: TTL = TTL input, ST = Schmitt Trigger input

TABLE 3-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
Value on: | Valueon all
Address | Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS
05h PORTA — — RA5 | RA4 RA3 RA2 RA1 RAO --0x 0000 | --0u 0000
85h TRISA — — | PORTA Data Direction Register --11 1111 | --11 1111
9Fh |ADCON1|[ADFM| — | — ] — ‘PCFGS‘ PCFG2 \ PCFGl‘ PCFGO | --0- 0000| --0- 0000
Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'.

Shaded cells are not used by PORTA.

Note:

When using the SSP module in SPI Slave mode and SS enabled, the A/D converter must be set to one of
the following modes, where PCFG3:PCFGO0 = 0100, 0101,

0l1lx, 1101, 1110, 1111.
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3.2 PORTB and the TRISB Register

PORTB is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (= 1) will make the corresponding PORTB pin
an input (i.e., put the corresponding output driver in a
Hi-lImpedance mode). Clearing a TRISB bit (= 0) will
make the corresponding PORTB pin an output (i.e., put
the contents of the output latch on the selected pin).

Three pins of PORTB are multiplexed with the Low
Voltage Programming function: RB3/PGM, RB6/PGC
and RB7/PGD. The alternate functions of these pins
are described in the Special Features Section.

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed by clearing bit RBPU (OPTION_REG<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are dis-
abled on a Power-on Reset.

FIGURE 3-3: BLOCK DIAGRAM OF
RB3:RBO PINS
VDD
@
RBPU Weak
P pull-up
Data Bus Data Latch
D 0 > 1IX
110
WR Port Ky pin®
TRIS Latch
D
Q TTL 7
Input
WR TRIS CK™ Buffer
[
RD TRIS
RD Port
EN
RBO/INT X
RB3/PGM
<
Schmitt Trigger ‘ RD Port
Buffer
Note 1: I/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>).

Four of the PORTB pins, RB7:RB4, have an interrupt-
on-change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB7:RB4 pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RB7:RB4)
are compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB7:RB4
are OR’ed together to generate the RB Port Change
Interrupt with flag bit RBIF (INTCON<0>).

This interrupt can wake the device from SLEEP. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

This interrupt-on-mismatch feature, together with soft-
ware configureable pull-ups on these four pins, allow
easy interface to a keypad and make it possible for
wake-up on key depression. Refer to the Embedded
Control Handbook, “Implementing Wake-up on Key
Strokes” (AN552).

RBO/INT is an external interrupt input pin and is config-
ured using the INTEDG bit (OPTION_REG<6>).

RBO/INT is discussed in detail in Section 12.10.1.

FIGURE 3-4: BLOCK DIAGRAM OF
RB7:RB4 PINS
VDD
@]
RBPU 5 Weak
Pull-up
Data Latch
Data Bus
D Q ™SS @
110
WR Port CK_\_ pin(l)
TRIS Latch
D Q
WR TRIS TTL
K VAR
Buffer ST
y s Buffer
RD TRIS
| Latch
RD Port
EN Q1
Set RBIF
GG
From other RD Port
RB7:RB4 pins EN
Q3
RB7:RB6
In Serial Programming Mode
Note 1: 1/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>).
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TABLE 3-3: PORTB FUNCTIONS
Name Bit# Buffer Function

RBO/INT bit0 TTL/STD Input/output pin or external interrupt input. Internal software
programmable weak pull-up.

RB1 bitl TTL Input/output pin. Internal software programmable weak pull-up.

RB2 bit2 TTL Input/output pin. Internal software programmable weak pull-up.

RB3/PGM®) | bit3 TTL Input/output pin or programming pin in LVP mode. Internal software
programmable weak pull-up.

RB4 bit4 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.

RB5 bit5 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.

RB6/PGC bit6 TTLST® Input/output pin (with interrupt-on-change) or In-Circuit Debugger pin.
Internal software programmable weak pull-up. Serial programming clock.

RB7/PGD bit7 TTLST® Input/output pin (with interrupt-on-change) or In-Circuit Debugger pin.
Internal software programmable weak pull-up. Serial programming data.

Legend: TTL =TTL input, ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3. Low Voltage ICSP Programming (LVP) is enabled by default, which disables the RB3 I/O function. LVP
must be disabled to enable RB3 as an I/O pin and allow maximum compatibility to the other 28-pin and
40-pin mid-range devices.

TABLE 3-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Value on: | Value on
Address Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO POR, all other
BOR RESETS
06h, 106h |PORTB RB7 RB6 RB5 | RB4 | RB3 | RB2 | RB1 | RBO | xxxx xxxx |uuuu uuuu
86h, 186h | TRISB PORTB Data Direction Register 1111 1111 1111 1111
81h, 181h [OPTION_REG | RBPU | INTEDG | T0CS | TOSE | PSA | PS2 | PS1 | PSO | 1111 1111[1111 1111

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTB.
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3.3 PORTC and the TRISC Register

PORTC is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISC. Setting a
TRISC bit (= 1) will make the corresponding PORTC
pin an input (i.e., put the corresponding output driver in
a Hi-Impedance mode). Clearing a TRISC bit (= 0) will
make the corresponding PORTC pin an output (i.e., put
the contents of the output latch on the selected pin).

PORTC is multiplexed with several peripheral functions
(Table 3-5). PORTC pins have Schmitt Trigger input
buffers.

When the I1°C module is enabled, the PORTC<4:3>
pins can be configured with normal 12C levels, or with
SMBus levels by using the CKE bit (SSPSTAT<6>).

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an out-
put, while other peripherals override the TRIS bit to
make a pin an input. Since the TRIS bit override is in
effect while the peripheral is enabled, read-modify-
write instructions (BSF, BCF, XORWF) with TRISC as
destination, should be avoided. The user should refer
to the corresponding peripheral section for the correct
TRIS bit settings.
FIGURE 3-5: PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT
OVERRIDE) RC<2:0>,

FIGURE 3-6: PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT

OVERRIDE) RC<4:3>

RC<7:5>
Port/Peripheral Select®
Peripheral Data Out 0 VDD
Data Bus b 0
WR P 110
Port CK\_Q 1 pin®
Data Latch %
& D
WR Q
TRIS CK\_Q N

TRIS Latch

RD c»——o< '7 vss
TRIS | Schmitt K\
Trigger

Peripheral
OE®

pd 2 D
E(E)rt F{>O - —‘

Peripheral Input

Note 1: 1/O pins have diode protection to VDD and Vss.

2: Port/Peripheral select signal selects between port
data and peripheral output.

3: Peripheral OE (output enable) is only activated if
peripheral select is active.

Port/Peripheral Select®

Peripheral Data Out

VDD
Data Bus
WR b Q P |/_o(1)
in
Port CcKM_Q 1 p
Data Latch @
|
WR D Q
TRIS CKQ N
TRIS Latch

-&j Schmit\t/ SS\
Trigger K7 %7

Peripheral
3) e
OE Q D Schmitt
Trigger
EN with
RD —‘ SMBus
Port > DC levels
SSPI Input
CKE
SSPSTAT<6>

Note 1: /O pins have diode protection to VDD and Vss.
2: Port/Peripheral select signal selects between port data
and peripheral output.
3: Peripheral OE (output enable) is only activated if
peripheral select is active.

© 2001 Microchip Technology Inc.

DS30292C-page 33



PIC16F87X

TABLE 3-5: PORTC FUNCTIONS

Name Bit# | Buffer Type Function

RCO/T10SO/T1CKI bit0 ST Input/output port pin or Timerl oscillator output/Timerl clock input.

RC1/T10Sl/CCP2 bitl ST Input/output port pin or Timerl oscillator input or Capture2 input/
Compare2 output/PWM2 output.

RC2/CCP1 bit2 ST Input/output port pin or Capturel input/Comparel output/
PWML1 output.

RC3/SCK/SCL bit3 ST RC3 can also be the synchronous serial clock for both SPI
and I1°C modes.

RC4/SDI/SDA bit4 ST RC4 can also be the SPI Data In (SPI mode) or data I/O (I2C mode).

RC5/SDO bit5 ST Input/output port pin or Synchronous Serial Port data output.

RC6/TXI/CK bit6 ST Input/output port pin or USART Asynchronous Transmit or
Synchronous Clock.

RC7/RX/DT bit7 ST Input/output port pin or USART Asynchronous Receive or
Synchronous Data.

Legend: ST = Schmitt Trigger input

TABLE 3-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Value on: | Valueon all
Address | Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O POR, other
BOR RESETS
07h PORTC | RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO | xxxx xxxx | uuuu uuuu
87h TRISC |PORTC Data Direction Register 1111 1111 | 1111 1111

Legend: x = unknown, u = unchanged
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34 PORTD and TRISD Registers

PORTD and TRISD are not implemented on the
PIC16F873 or PIC16F876.

PORTD is an 8-bit port with Schmitt Trigger input buff-
ers. Each pin is individually configureable as an input or
output.

PORTD can be configured as an 8-bit wide micropro-
cessor port (parallel slave port) by setting control bit
PSPMODE (TRISE<4>). In this mode, the input buffers
are TTL.

FIGURE 3-7: PORTD BLOCK DIAGRAM
(IN 1/O PORT MODE)
Data Data Latch 1/0 pin®
Bus D Q —k—<
WR H'E
POL CK_\_
TRIS Latch
D Q
WR
TRIS .
——& Schmitt
T
e \y/
/I Buffer
RD
TRIS

e
RD Port F {>c - —‘

Note 1: I/O pins have protection diodes to VDD and Vss.

TABLE 3-7: PORTD FUNCTIONS
Name Bit# Buffer Type Function

RDO/PSPO bit0 sTTL® Input/output port pin or parallel slave port bit0.
RD1/PSP1 bitl sT/TTL® Input/output port pin or parallel slave port bitl.
RD2/PSP2 bit2 sTTL® Input/output port pin or parallel slave port bit2.
RD3/PSP3 bit3 sTTL® Input/output port pin or parallel slave port bit3.
RD4/PSP4 bit4 sT/TTL® Input/output port pin or parallel slave port bit4.
RD5/PSP5 bit5 sTTL® Input/output port pin or parallel slave port bit5.
RD6/PSP6 bit6 sTTL® Input/output port pin or parallel slave port bit6.
RD7/PSP7 bit7 sT/TTL® Input/output port pin or parallel slave port bit7.

Legend: ST = Schmitt Trigger input, TTL = TTL input

Note 1: Input buffers are Schmitt Triggers when in 1/O mode and TTL buffers when in Parallel Slave Port mode.
TABLE 3-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Value on: | Value on
Address| Name | Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O POR, all other

BOR RESETS

08h PORTD | RD7 | RD6 | RD5 RD4 RD3 RD2 RD1 RDO | xxxx xxxx | uuuu uuuu
88h TRISD |PORTD Data Direction Register 1111 1111|1111 1111
89h TRISE | IBF | OBF [IBOV|PSPMODE | — |PORTE Data Direction Bits | 0000 -111 | 0000 -111
Legend: x = unknown, u = unchanged, - = unimplemented, read as '0". Shaded cells are not used by PORTD.
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35 PORTE and TRISE Register

PORTE and TRISE are not implemented on the
PIC16F873 or PIC16F876.

PORTE has three pins (REO/RD/AN5, RE1/WR/ANS,
and RE2/CS/AN7) which are individually configureable
as inputs or outputs. These pins have Schmitt Trigger
input buffers.

The PORTE pins become the I/O control inputs for the
microprocessor port when bit PSPMODE (TRISE<4>) is
set. In this mode, the user must make certain that the
TRISE<2:0> bits are set, and that the pins are configured
as digital inputs. Also ensure that ADCONL1 is configured
for digital I/O. In this mode, the input buffers are TTL.

Register 3-1 shows the TRISE register, which also con-
trols the parallel slave port operation.

PORTE pins are multiplexed with analog inputs. When
selected for analog input, these pins will read as '0’s.

TRISE controls the direction of the RE pins, even when
they are being used as analog inputs. The user must
make sure to keep the pins configured as inputs when
using them as analog inputs.

FIGURE 3-8: PORTE BLOCK DIAGRAM
(IN 1/O PORT MODE)
Data Data Latch /0 pin®
Bus D Q
wn o
S duhel
TRIS Latch
— D Q
WR
TRIS .
— CK L Schmitt
b
e/
/| Buffer
RD j
TRIS
D

oy

!
RD Port F {>O

Note 1: I/O pins have protection diodes to VbD and Vss.

Note:  On a Power-on Reset, these pins are con-
figured as analog inputs, and read as ‘0’
TABLE 3-9: PORTE FUNCTIONS
Name Bit# | Buffer Type Function
1/O port pin or read control input in Parallel Slave Port mode or analog input:
RD
REO/RD/ANS | hito | ST/TTL® |1 =1dle
0 = Read operation. Contents of PORTD register are output to PORTD
I/0 pins (if chip selected)
1/O port pin or write control input in Parallel Slave Port mode or analog input:
WR
REL/WR/AN6 | bitl1 | ST/TTLD |1 =dle
0 = Write operation. Value of PORTD I/O pins is latched into PORTD
register (if chip selected)
1/0 port pin or chip select control input in Parallel Slave Port mode or analog input:
RE2/CS/AN7 | bit2 | sT/TTLW C? o
1 = Device is not selected
0 = Device is selected

Legend: ST = Schmitt Trigger input, TTL = TTL input
Note 1:

Input buffers are Schmitt Triggers when in /O mode and TTL buffers when in Parallel Slave Port mode.

TABLE 3-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE
value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR BOI%’ all other
’ RESETS
0%h PORTE — — — — — RE2 RE1 REO ---- -XXX | ---- -uuu
89h TRISE IBF OBF | IBOV |PSPMODE — PORTE Data Direction Bits | 0000 -111 | 0000 -111
9Fh ADCON1 | ADFM — — — PCFG3 | PCFG2 | PCFG1 | PCFGO | --0- 0000 | --0- 0000
Legend: x = unknown, u = unchanged, - = unimplemented, read as '0’. Shaded cells are not used by PORTE.
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REGISTER 3-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

TRISE REGISTER (ADDRESS 89h)

R-0 R-0 R/W-0 R/IW-0 U-0 RW-1  RMW-1  R/MW-1
BF | OoBF | I1BOV |PSPMODE| — Bit2 Bit1 BitO
bit 7 bit 0

Parallel Slave Port Status/Control Bits:

IBF: Input Buffer Full Status bit

1 = A word has been received and is waiting to be read by the CPU
0 = No word has been received

OBF: Output Buffer Full Status bit

1 = The output buffer still holds a previously written word
0 = The output buffer has been read

IBOV: Input Buffer Overflow Detect bit (in Microprocessor mode)

1 = A write occurred when a previously input word has not been read (must be cleared in
software)
0 = No overflow occurred

PSPMODE: Parallel Slave Port Mode Select bit

1 = PORTD functions in Parallel Slave Port mode
0 = PORTD functions in general purpose 1/0 mode

Unimplemented: Read as '0'

PORTE Data Direction Bits:

Bit2: Direction Control bit for pin RE2/CS/AN7
1 = Input

0 = Output

Bit1: Direction Control bit for pin REL/WR/AN6
1 = Input

0 = Output

Bit0: Direction Control bit for pin REO/RD/ANS
1 = Input

0 = Output

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1’ = Bitis set '0’ = Bit is cleared X = Bitis unknown
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3.6 Parallel Slave Port

The Parallel Slave Port (PSP) is not implemented on
the PIC16F873 or PIC16F876.

PORTD operates as an 8-bit wide Parallel Slave Port or
microprocessor port, when control bit PSPMODE
(TRISE<4>) is set. In Slave mode, it is asynchronously
readable and writable by the external world through RD
control input pin REO/RD and WR control input pin
REL/WR.

The PSP can directly interface to an 8-bit microproces-
sor data bus. The external microprocessor can read or
write the PORTD latch as an 8-bit latch. Setting bit
PSPMODE_enables port_pin REO/RD to be the RD
input, F RE1/WR to be the WR input and RE2/CS to be
the CS (chip select) input. For this functionality, the cor-
responding data direction bits of the TRISE register
(TRISE<2:0>) must be configured as inputs (set). The
A/ID  port configuration bits PCFG3:PCFGO
(ADCON1<3:0>) must be set to configure pins
REZ2:REO as digital 1/0.

There are actually two 8-bit latches: one for data out-
put, and one for data input. The user writes 8-bit data
to the PORTD data latch and reads data from the port
pin latch (note that they have the same address). In this
mode, the TRISD register is ignored, since the external
device is controlling the direction of data flow.

A write to the PSP occurs when both the CS and WR
lines are first detected low. When either the CS or WR
lines become high (level triggered), the Input Buffer Full
(IBF) status flag bit (TRISE<7>) is set on the Q4 clock
cycle, following the next Q2 cycle, to signal the write is
complete (Figure 3-10). The interrupt flag bit PSPIF
(PIR1<7>) is also set on the same Q4 clock cycle. IBF
can only be cleared by reading the PORTD input latch.
The Input Buffer Overflow (IBOV) status flag bit
(TRISE<5>) is set if a second write to the PSP is
attempted when the previous byte has not been read
out of the buffer.

A read from the PSP occurs when both the CS and RD
lines are first detected low. The Output Buffer Full
(OBF) status flag bit (TRISE<6>) is cleared immedi-
ately (Figure 3-11), indicating that the PORTD latch is
waiting to be read by the external bus. When either the
CS or RD pin becomes high (level triggered), the inter-
rupt flag bit PSPIF is set on the Q4 clock cycle, follow-
ing the next Q2 cycle, indicating that the read is
complete. OBF remains low until data is written to
PORTD by the user firmware.

When not in PSP mode, the IBF and OBF bits are held
clear. However, if flag bit IBOV was previously set, it
must be cleared in firmware.

An interrupt is generated and latched into flag bit
PSPIF when a read or write operation is completed.
PSPIF must be cleared by the user in firmware and the
interrupt can be disabled by clearing the interrupt
enable bit PSPIE (PIE1<7>).

FIGURE 3-9: PORTD AND PORTE
BLOCK DIAGRAM
(PARALLEL SLAVE
PORT)
r—-—-——------ - - = A
I Data Bus
D
WR

One bit of PORTD

, Set Interrupt Flag
= PSPIF(PIR1<7>)

Write J—
WR

Note 1: 1/O pins have protection diodes to Vbp and Vss.
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FIGURE 3-10: PARALLEL SLAVE PORT WRITE WAVEFORMS

QL | Q2 | @ | Q4 + Q1 | Q@ | Q3 | Q4 QL | Q@ | @3 | Q4

./

AN

PORTD<7:0>

g
7

IBF ;
OBF : \ I !
PSPIF : \"/ :
FIGURE 3-11: PARALLEL SLAVE PORT READ WAVEFORMS

QL | Q2 | @ | Q4 + Q1 | Q@ | Q3 | Q4 QL | Q2 | @3 | Q4

&l

PORTD<7:0>

IBF

OBF

PSPIF \‘/

RS

TABLE 3-11: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT

. . . . . . . . Value on: Value on
Address | Name Bit 7 Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR. BOR all other
' RESETS
08h PORTD | Port Data Latch when written: Port pins when read XXXX XXXX | uuuu uuuu
09h PORTE = — = — = RE2 | REL | REO [---- -xox[---- -uuu
89h TRISE IBF OBF | IBOV | PSPMODE — PORTE Data Direction Bits 0000 -111| 0000 -111
0Ch PIR1 PsPIF® | ADIF | RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
8Ch PIE1 psPIED | ADIE | RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
9Fh ADCON1 | ADFM — — — PCFG3 | PCFG2 | PCFG1 | PCFGO | --0- 0000 |--0- 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the Parallel Slave Port.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F873/876; always maintain these bits clear.
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NOTES:
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40 DATA EEPROM AND FLASH
PROGRAM MEMORY

The Data EEPROM and FLASH Program Memory are
readable and writable during normal operation over the
entire VDD range. These operations take place on a sin-
gle byte for Data EEPROM memory and a single word
for Program memory. A write operation causes an
erase-then-write operation to take place on the speci-
fied byte or word. A bulk erase operation may not be
issued from user code (which includes removing code
protection).

Access to program memory allows for checksum calcu-
lation. The values written to program memory do not
need to be valid instructions. Therefore, up to 14-bit
numbers can be stored in memory for use as calibra-
tion parameters, serial numbers, packed 7-bit ASCII,
etc. Executing a program memory location containing
data that form an invalid instruction, results in the exe-
cution of a NOP instruction.

The EEPROM Data memory is rated for high erase/
write cycles (specification D120). The FLASH program
memory is rated much lower (specification D130),
because EEPROM data memory can be used to store
frequently updated values. An on-chip timer controls
the write time and it will vary with voltage and tempera-
ture, as well as from chip to chip. Please refer to the
specifications for exact limits (specifications D122 and
D133).

A byte or word write automatically erases the location
and writes the new value (erase before write). Writing
to EEPROM data memory does not impact the opera-
tion of the device. Writing to program memory will
cease the execution of instructions until the write is
complete. The program memory cannot be accessed
during the write. During the write operation, the oscilla-
tor continues to run, the peripherals continue to func-
tion and interrupt events will be detected and
essentially “queued” until the write is complete. When
the write completes, the next instruction in the pipeline
is executed and the branch to the interrupt vector will
take place, if the interrupt is enabled and occurred dur-
ing the write.

Read and write access to both memories take place
indirectly through a set of Special Function Registers
(SFR). The six SFRs used are:

« EEDATA

« EEDATH

* EEADR

» EEADRH

 EECON1

 EECON2

The EEPROM data memory allows byte read and write
operations without interfering with the normal operation
of the microcontroller. When interfacing to EEPROM
data memory, the EEADR register holds the address to
be accessed. Depending on the operation, the EEDATA
register holds the data to be written, or the data read, at
the address in EEADR. The PIC16F873/874 devices
have 128 bytes of EEPROM data memory and there-
fore, require that the MSb of EEADR remain clear. The
EEPROM data memory on these devices do not wrap
around to 0, i.e., 0x80 in the EEADR does not map to
0x00. The PIC16F876/877 devices have 256 bytes of
EEPROM data memory and therefore, uses all 8-bits of
the EEADR.

The FLASH program memory allows non-intrusive
read access, but write operations cause the device to
stop executing instructions, until the write completes.
When interfacing to the program memory, the
EEADRH:EEADR registers form a two-byte word,
which holds the 13-bit address of the memory location
being accessed. The register combination of
EEDATH:EEDATA holds the 14-bit data for writes, or
reflects the value of program memory after a read oper-
ation. Just as in EEPROM data memory accesses, the
value of the EEADRH:EEADR registers must be within
the valid range of program memory, depending on the
device: 0000h to 1FFFh for the PIC16F873/874, or
0000h to 3FFFh for the PIC16F876/877. Addresses
outside of this range do not wrap around to 0000h (i.e.,
4000h does not map to 0000h on the PIC16F877).

4.1 EECON1 and EECON2 Registers

The EECONL register is the control register for config-
uring and initiating the access. The EECON2 register is
not a physically implemented register, but is used
exclusively in the memory write sequence to prevent
inadvertent writes.

There are many bits used to control the read and write
operations to EEPROM data and FLASH program
memory. The EEPGD bit determines if the access will
be a program or data memory access. When clear, any
subsequent operations will work on the EEPROM data
memory. When set, all subsequent operations will
operate in the program memory.

Read operations only use one additional bit, RD, which
initiates the read operation from the desired memory
location. Once this bit is set, the value of the desired
memory location will be available in the data registers.
This bit cannot be cleared by firmware. It is automati-
cally cleared at the end of the read operation. For
EEPROM data memory reads, the data will be avail-
able in the EEDATA register in the very next instruction
cycle after the RD bit is set. For program memory
reads, the data will be loaded into the
EEDATH:EEDATA registers, following the second
instruction after the RD bit is set.
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Write operations have two control bits, WR and WREN,
and two status bits, WRERR and EEIF. The WREN bit
is used to enable or disable the write operation. When
WREN is clear, the write operation will be disabled.
Therefore, the WREN bit must be set before executing
a write operation. The WR bit is used to initiate the write
operation. It also is automatically cleared at the end of
the write operation. The interrupt flag EEIF is used to
determine when the memory write completes. This flag
must be cleared in software before setting the WR bit.
For EEPROM data memory, once the WREN bit and
the WR bit have been set, the desired memory address
in EEADR will be erased, followed by a write of the data
in EEDATA. This operation takes place in parallel with
the microcontroller continuing to execute normally.
When the write is complete, the EEIF flag bit will be set.
For program memory, once the WREN bit and the WR
bit have been set, the microcontroller will cease to exe-

cute instructions. The desired memory location pointed
to by EEADRH:EEADR will be erased. Then, the data
value in EEDATH:EEDATA will be programmed. When
complete, the EEIF flag bit will be set and the microcon-
troller will continue to execute code.

The WRERR bit is used to indicate when the
PIC16F87X device has been reset during a write oper-
ation. WRERR should be cleared after Power-on
Reset. Thereafter, it should be checked on any other
RESET. The WRERR bit is set when a write operation
is interrupted by a MCLR Reset, or a WDT Time-out
Reset, during normal operation. In these situations, fol-
lowing a RESET, the user should check the WRERR bit
and rewrite the memory location, if set. The contents of
the data registers, address registers and EEPGD bit
are not affected by either MCLR Reset, or WDT Time-
out Reset, during normal operation.

REGISTER 4-1: EECON1 REGISTER (ADDRESS 18Ch)
R/W-x uU-0 uU-0 uU-0 R/W-x R/W-0 R/S-0 R/S-0
EEPGD | — | — — | WRERR | WREN | WR RD
bit 7 bit 0
bit 7 EEPGD: Program/Data EEPROM Select bit
1 = Accesses program memory
0 = Accesses data memory
(This bit cannot be changed while a read or write operation is in progress)
bit 6-4 Unimplemented: Read as '0’
bit 3 WRERR: EEPROM Error Flag bit
1 = A write operation is prematurely terminated
(any MCLR Reset or any WDT Reset during normal operation)
0 = The write operation completed
bit 2 WREN: EEPROM Write Enable bit
1 = Allows write cycles
0 = Inhibits write to the EEPROM
bit 1 WR: Write Control bit
1 = Initiates a write cycle. (The bit is cleared by hardware once write is complete. The WR bit
can only be set (not cleared) in software.)
0 = Write cycle to the EEPROM is complete
bit 0 RD: Read Control bit

1 = Initiates an EEPROM read. (RD is cleared in hardware. The RD bit can only be set (not

cleared) in software.)

0 = Does not initiate an EEPROM read

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

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown
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4.2 Reading the EEPROM Data
Memory

Reading EEPROM data memory only requires that the
desired address to access be written to the EEADR
register and clear the EEPGD bit. After the RD bitis set,
data will be available in the EEDATA register on the
very next instruction cycle. EEDATA will hold this value
until another read operation is initiated or until it is writ-
ten by firmware.

The steps to reading the EEPROM data memory are:

1. Write the address to EEDATA. Make sure that
the address is not larger than the memory size
of the PIC16F87X device.

2. Clear the EEPGD bit to point to EEPROM data
memory.

3. Setthe RD bit to start the read operation.

4. Read the data from the EEDATA register.

EXAMPLE 4-1: EEPROM DATA READ
BSF STATUS, RP1 ;

BCF STATUS, RPO ;Bank 2

MOVF ADDR, W ;Write address

MOVWF EEADR ;to read from

BSF STATUS, RPO ;Bank 3

BCF EECON1, EEPGD ;Point to Data memory
BSF EECON1, RD ;Start read operation
BCF STATUS, RPO ;Bank 2

MOVF EEDATA, W ;W = EEDATA

4.3 Writing to the EEPROM Data
Memory

There are many steps in writing to the EEPROM data
memory. Both address and data values must be written
to the SFRs. The EEPGD bit must be cleared, and the
WREN bit must be set, to enable writes. The WREN bit
should be kept clear at all times, except when writing to
the EEPROM data. The WR bit can only be set if the
WREN bit was set in a previous operation, i.e., they
both cannot be set in the same operation. The WREN
bit should then be cleared by firmware after the write.
Clearing the WREN bit before the write actually com-
pletes will not terminate the write in progress.

Writes to EEPROM data memory must also be pref-
aced with a special sequence of instructions, that pre-
vent inadvertent write operations. This is a sequence of
five instructions that must be executed without interrup-
tions. The firmware should verify that a write is not in
progress, before starting another cycle.

The
1.

10.

EXAMPLE 4-2:

steps to write to EEPROM data memory are:
If step 10 is not implemented, check the WR bit
to see if a write is in progress.

Write the address to EEADR. Make sure that the
address is not larger than the memory size of
the PIC16F87X device.

Write the 8-bit data value to be programmed in
the EEDATA register.

Clear the EEPGD bit to point to EEPROM data

memory.

Set the WREN bit to enable program operations.

Disable interrupts (if enabled).

Execute the special five instruction sequence:

« Write 55h to EECONZ in two steps (first to W,
then to EECON2)

« Write AAh to EECON2 in two steps (first to
W, then to EECON2)

* Set the WR bit

Enable interrupts (if using interrupts).

Clear the WREN bit to disable program opera-

tions.

At the completion of the write cycle, the WR bit

is cleared and the EEIF interrupt flag bit is set.

(EEIF must be cleared by firmware.) If step 1 is

not implemented, then firmware should check

for EEIF to be set, or WR to clear, to indicate the

end of the program cycle.

EEPROM DATA WRITE

BSF
BSF
BTF
GOT!
BCF
MOV
MOV
MOV
MOV
BSF
BCF
BSF

BCF
MOV
MOV
MOV
MOV
BSF

BSF

BCF

STATUS, RP1 ;
STATUS, RPO ;Bank 3
SC EECON1l, WR ;Wait for
] $-1 ;write to finish
STATUS, RPO ;Bank 2
F ADDR, W ;Address to
WF EEADR ;jwrite to
F VALUE, W ;jData to
WEF EEDATA ;jwrite
STATUS, RPO ;Bank 3
EECON1, EEPGD ;Point to Data memory
EECON1, WREN ;Enable writes
;Only disable interrupts
;if already enabled,
;otherwise discard
;Write 55h to
; EECON2
;Write AAh to
; EECON2
;jStart write operation
;Only enable interrupts
;if using interrupts,
jotherwise discard
;Disable writes

INTCON, GIE

LW 0x55

WF EECON2

LW OxAA

WF EECON2
EECON1, WR

INTCON, GIE

EECON1, WREN
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4.4 Reading the FLASH Program
Memory

Reading FLASH program memory is much like that of
EEPROM data memory, only two NOP instructions must
be inserted after the RD bit is set. These two instruction
cycles that the NOP instructions execute, will be used
by the microcontroller to read the data out of program
memory and insert the wvalue into the
EEDATH:EEDATA registers. Data will be available fol-
lowing the second NOP instruction. EEDATH and
EEDATA will hold their value until another read opera-
tion is initiated, or until they are written by firmware.

The steps to reading the FLASH program memory are:

1. Write the address to EEADRH:EEADR. Make
sure that the address is not larger than the mem-
ory size of the PIC16F87X device.

2. Set the EEPGD bit to point to FLASH program
memory.

3. Setthe RD bit to start the read operation.

4. Execute two NOP instructions to allow the micro-
controller to read out of program memory.

5. Read the data from the EEDATH:EEDATA

registers.
EXAMPLE 4-3: FLASH PROGRAM READ
BSF STATUS, RP1 ;
BCF STATUS, RPO ;Bank 2

MOVF ADDRL, W
MOVWF EEADR
MOVF ADDRH, W
MOVWF EEADRH

;Write the
;address bytes
;for the desired
;address to read

BSF STATUS, RPO ;Bank 3

BSF EECON1, EEPGD ;Point to Program memory
BSF EECON1, RD ;Start read operation
NOP ;Required two NOPs

NOP ;

BCF STATUS, RPO ;jBank 2

MOVF EEDATA, W ;DATAL = EEDATA
MOVWF DATAL ;
MOVF EEDATH, W ;DATAH = EEDATH
MOVWF DATAH ;

4.5 Writing to the FLASH Program
Memory

Writing to FLASH program memory is unique, in that
the microcontroller does not execute instructions while
programming is taking place. The oscillator continues
to run and all peripherals continue to operate and
queue interrupts, if enabled. Once the write operation
completes (specification D133), the processor begins
executing code from where it left off. The other impor-
tant difference when writing to FLASH program mem-
ory, is that the WRT configuration bit, when clear,
prevents any writes to program memory (see Table 4-1).

Just like EEPROM data memory, there are many steps
in writing to the FLASH program memory. Both address
and data values must be written to the SFRs. The
EEPGD bit must be set, and the WREN bit must be set
to enable writes. The WREN bit should be kept clear at
all times, except when writing to the FLASH Program
memory. The WR bit can only be set if the WREN bit
was set in a previous operation, i.e., they both cannot
be set in the same operation. The WREN bit should
then be cleared by firmware after the write. Clearing the
WREN bit before the write actually completes will not
terminate the write in progress.

Writes to program memory must also be prefaced with
a special sequence of instructions that prevent inad-
vertent write operations. This is a sequence of five
instructions that must be executed without interruption
for each byte written. These instructions must then be
followed by two NOP instructions to allow the microcon-
troller to setup for the write operation. Once the write is
complete, the execution of instructions starts with the
instruction after the second NOP.

The steps to write to program memory are:

1. Write the address to EEADRH:EEADR. Make
sure that the address is not larger than the mem-
ory size of the PIC16F87X device.

2. Write the 14-bit data value to be programmed in
the EEDATH:EEDATA registers.

3. Set the EEPGD bit to point to FLASH program
memory.

4. Setthe WREN bit to enable program operations.
Disable interrupts (if enabled).
6. Execute the special five instruction sequence:

« Write 55h to EECONZ2 in two steps (first to W,
then to EECON2)

* Write AAh to EECONZ2 in two steps (first to W,
then to EECON2)

» Set the WR bit

7. Execute two NOP instructions to allow the micro-
controller to setup for write operation.

8. Enable interrupts (if using interrupts).

9. Clear the WREN bit to disable program
operations.

o
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At the completion of the write cycle, the WR bit is
cleared and the EEIF interrupt flag bit is set. (EEIF
must be cleared by firmware.) Since the microcontroller
does not execute instructions during the write cycle, the
firmware does not necessarily have to check either
EEIF, or WR, to determine if the write had finished.

EXAMPLE 4-4: FLASH PROGRAM WRITE
BSF STATUS, RP1  ;
BCF STATUS, RPO  ;Bank 2

MOVF ADDRL, W
MOVWF EEADR
MOVF ADDRH, W
MOVWF EEADRH
MOVF VALUEL, W
MOVWF  EEDATA
MOVF VALUEH, W

;Write address
;of desired
;program memory
;location
;Write value to
jprogram at
jdesired memory

MOVWF EEDATH ;location
BSF STATUS, RPO ;Bank 3
BSF EECON1, EEPGD ;Point to Program memory
BSF EECON1, WREN ;Enable writes

;Only disable interrupts
BCF INTCON, GIE ;if already enabled,

;otherwise discard

MOVLW 0x55 ;Write 55h to

MOVWF EECON2 ; EECON2

MOVLW OxAA ;Write AAh to

MOVWF EECON2 ; EECON2

BSF EECON1, WR ;Start write operation
NOP ;Two NOPs to allow micro
NOP ;to setup for write

;Only enable interrupts
BSF INTCON, GIE ;if using interrupts,
;otherwise discard

BCF EECON1, WREN ;Disable writes

4.6 Write Verify

The PIC16F87X devices do not automatically verify the
value written during a write operation. Depending on
the application, good programming practice may dic-
tate that the value written to memory be verified against
the original value. This should be used in applications
where excessive writes can stress bits near the speci-
fied endurance limits.

4.7 Protection Against Spurious
Writes

There are conditions when the device may not want to
write to the EEPROM data memory or FLASH program
memory. To protect against these spurious write condi-
tions, various mechanisms have been built into the
PIC16F87X devices. On power-up, the WREN bit is
cleared and the Power-up Timer (if enabled) prevents
writes.

The write initiate sequence, and the WREN bit
together, help prevent any accidental writes during
brown-out, power glitches, or firmware malfunction.

4.8 Operation While Code Protected

The PIC16F87X devices have two code protect mecha-
nisms, one bit for EEPROM data memory and two bits for
FLASH program memory. Data can be read and written
to the EEPROM data memory, regardless of the state of
the code protection bit, CPD. When code protection is
enabled and CPD cleared, external access via ICSP is
disabled, regardless of the state of the program memory
code protect bits. This prevents the contents of EEPROM
data memory from being read out of the device.

The state of the program memory code protect bits,
CPO and CP1, do not affect the execution of instruc-
tions out of program memory. The PIC16F87X devices
can always read the values in program memory,
regardless of the state of the code protect bits. How-
ever, the state of the code protect bits and the WRT bit
will have different effects on writing to program mem-
ory. Table 4-1 shows the effect of the code protect bits
and the WRT bit on program memory.

Once code protection has been enabled for either
EEPROM data memory or FLASH program memory,
only a full erase of the entire device will disable code
protection.

© 2001 Microchip Technology Inc.
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4.9 FLASH Program Memory Write
Protection

The configuration word contains a bit that write protects
the FLASH program memory, called WRT. This bit can
only be accessed when programming the PIC16F87X
device via ICSP. Once write protection is enabled, only
an erase of the entire device will disable it. When
enabled, write protection prevents any writes to FLASH
program memory. Write protection does not affect pro-
gram memory reads.

TABLE 4-1: READ/WRITE STATE OF INTERNAL FLASH PROGRAM MEMORY

Configuration Bits Memory Location Inét;;ndal Invtverri?eal ICSP Read ICSP Write
CP1 CPO WRT
0 0 X All program memory Yes No No No
0 1 0 Unprotected areas Yes No Yes No
0 1 0 Protected areas Yes No No No
0 1 1 Unprotected areas Yes Yes Yes No
0 1 1 Protected areas Yes No No No
1 0 0 Unprotected areas Yes No Yes No
1 0 0 Protected areas Yes No No No
1 0 1 Unprotected areas Yes Yes Yes No
1 0 1 Protected areas Yes No No No
1 1 0 All program memory Yes No Yes Yes
1 1 1 All program memory Yes Yes Yes Yes

TABLE 4-2: REGISTERS ASSOCIATED WITH DATA EEPROM/PROGRAM FLASH

Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR, all other
BOR RESETS
0Bh,8Bh, [INTCON | GIE | PEIE | TOIE | INTE | RBIE TOIF | INTF | RBIF |0000 000x| 0000 000u
10Bh, 18Bh
10Dh EEADR | EEPROM Address Register, Low Byte XXXX XXXX | uuuu uuuu
10Fh EEADRH | — ‘ — ‘ — ’EEPROM Address, High Byte XXXX XXXX | uuuu uuuu
10Ch EEDATA | EEPROM Data Register, Low Byte XXXX XXXX | uuuu uuuu
10Eh EEDATH — —_ EEPROM Data Register, High Byte XXXX XXXX | uuuu uuuu
18Ch EECON1 | EEPGD | — — ‘ — ‘ WRERR ‘ WREN ‘ WR ‘ RD  |x--- %000 x--- 1000
18Dh EECON2 | EEPROM Control Register2 (not a physical register) — —
8Dh PIE2 — Q) — EEIE BCLIE — — CCP2IE| -r-0 0--0| -r-0 0--0
0Dh PIR2 - ) — EEIF | BCLIF — — | CCP2IF|-x-0 0--0| -r-0 0--0
Legend: x =unknown, u = unchanged, r = reserved, - = unimplemented, read as '0".

Shaded cells are not used during FLASH/EEPROM access.
Note 1: These bits are reserved; always maintain these bits clear.
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50 TIMERO MODULE Counter mode is selected by setting bit TOCS

(OPTION_REG<5>). In Counter mode, Timer0 will
The Timer0 module timer/counter has the fO"OWing fea- increment either on every rising, or fa”mg edge of pm
tures: RA4/TOCKI. The incrementing edge is determined by
« 8-bit timer/counter the Timer0 Source Edge Select bit, TOSE

(OPTION_REG<4>). Clearing bit TOSE selects the ris-
ing edge. Restrictions on the external clock input are
discussed in detail in Section 5.2.

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

The prescaler is mutually exclusively shared between
« Interrupt on overflow from FFh to 00h P y y

the Timer0 module and the Watchdog Timer. The pres-
+ Edge select for external clock caler is not readable or writable. Section 5.3 details the
Figure 5-1 is a block diagram of the Timer0 module and operation of the prescaler.

the prescaler shared with the WDT.

Additional information on the TimerO module is avail- 5.1 Timer0 Interrupt

able in the PICmicro™ Mid-Range MCU Family Refer- The TMRO interrupt is generated when the TMRO reg-
ence Manual (DS33023). ister overflows from FFh to 00h. This overflow sets bit
Timer mode is selected by clearing bit TOCS TO|F-(|NTC-:ON<2>). The interrupt Cc?.n be masked by
(OPTION_REG<5>). In Timer mode, the Timer0 mod- clearing bit TOIE (INTCON<5>). Bit TOIF must be
ule will increment every instruction cycle (without pres- cleared in software by the Timer0 module Interrupt Ser-
caler). If the TMRO register is written, the increment is vice Routine before re-enabling this interrupt. The
inhibited for the following two instruction cycles. The TMRO interrupt cannot awaken the processor from
user can work around this by writing an adjusted value SLEEP, since the timer is shut-off during SLEEP.

to the TMRO register.

FIGURE 5-1: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER

CLKOUT (= Fosc/4) Data Bus

Y 8
o| M 1 /1/

U
RA4/TOCKI v M SYNC
- 1 ol Y - 2 TMRO Reg
X Cycles
TOSE T $
TOCS .
PSA Set Flag Bit TOIF
on Overflow
PRESCALER
r— - - — — — — — — — — n
0 M |= 8-bit Prescaler |
vl |
Watchdog 1 X | 8 |
Timer | |
T | 8 - to - IMUX —— PS2:PS0O |
T PSA Lo - — 41— |
0| 1

WDT Enable bit

MUX |«—— PSA

WDT
Time-out

Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION_REG<5:0>).
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Features m Compact package saves board and panel
m Conductive plastic space

m Linear and audio tapers

m PC board and bushing mount

m Plastic bushing and plastic shaft

m Withstands typical industrial washing
processes

EO‘U’RNS® 3310 - 9mm Square Sealed Panel Control

Electrical Characteristics

Standard ReSiStanCe RANGE = LINEAI .......iiiiiiiiieiiiee ittt ettt e st e e b e e s s e e s se e e eae e e e seeesas e e sase e e st e e e seesanneennteeeabeeeanneenane 1K ohms to 1 megohm
Total ResiStance TOIEranNCe = LINGAI TAPEIS .....o.tiiuieieiieiteet ettt ettt st s e e e s e e e s e et e e st e e st e a s e eas e eaeesaeeeae e s e e as e e e e e st e asesaeeseeeeae e se e s e e s e e st enneeanenanennnennean +20%
L@ LT o= T LT g I == T Y +5%
Absolute Minimum Resistance .2 ohms maximum
EffECHIVE EIBCTIICAI ANGIE..... . ettt e e a et e s et e et e e e st e e sas e e s st e e st e e e ae e e sas e e e as e e e ae e e e as et e as e e e eae e e ease e e ean e e nas e e eseeeeaneenneeennreeenneenanne 270° +15°
Contact RESISTANCE VAITALION........cc.iiiiiiei ettt ettt s e e s e e s e e s e e e e e se e e s e e nesanenaneeneeeneenneees 1% or 1 ohm (whichever is greater)
Dielectric Withstanding Voltage

LT T IR S PR 900 VAC minimum

.......... 350 VAC minimum
.1,000 megohms minimum

70,000 Feet..........
INSUIATION RESISTANCE ... eeiiuiiiiiieieiie ettt sttt e st e e rae e e sate e et e e e e abeesaseeesaeeeeasaeeaneeesabeeeseeenaseesneeanns

Power Rating @ 70°C (Derate to 0 at 125°C - Voltage Limited By Power Dissipation or 200 VAC, Whichever is Les: 0.25 watts
Environmental Characteristics

OPErating TEMPEIALUIE ......coiiiiiiieiieit ettt ettt e e et e sae e s eeesaee e bt e eae e e s e e saeeeaseeaseeeaseeaaeeeaseeeaseaseeease e st e sabeeseeeaseaseeenseenneeenseanns +1°C to +125°C

Storage Temperature ............cccoeeuenenee. -55°C to +125°C

TCR (Over Storage Temperature Range). ...£1,000ppm/°C

LY/ o] €= Lo g OO URTR 30G

Total Resistance Shift
Voltage Ratio Shift ..

..x1% maximum
..x1% maximum

Total Resistance Shift
Voltage Ratio Shift ..
Load Life (1,000 Hours, x
Rotational Life-NO Load (50,000 CYCIES).......ucrerueruerrerrererererereseeeeeeseseessessessessessessesssassassassasesseesesaesas e s e e s s esessessesesrearessesressessessennes +5% TRS maximum
CRV s ..+3% or 3 ohms (whichever is greater)
MOISTUIE RESISTANCE ...ttt et se e e e st e bt et e et e e e e e ae e e ae e ee £ e ee e e s e e e R e e e s €S an e e s e e e Re e e Re e e £ e s e e s e easeneeeseeeane e neennesaneenneennennnennee +10% TRS

..+1% maximum
..£1% maximum
% TRS maximum

Mechanical Characteristics

IS0 oS (=T aTo | { o ISR 5.65 Ncm
Mechanical Angle. ..300° nominal

L (o (ST o (¥ o Tl T O STOPTSP PRSPPI 3.53 Ncm
L= o PRSP UPP RO TRTPPP 4.5 grams
Flammability .Conforms to UL94V-0
Terminals. Solderable pins
MarKing ...cocouveeiieeieeee e Manufacturer’s symbol and model humber, product code, terminal style, date code and resistance code
Standard Resistance Table Part Numbering System
Resistance Resistance . 3310 Y-001-103
(Ohms) Code Model Number Designator
3310 = 9mm Panel Control
1,000 102 : )
2,000 202 Terminal Style Designator
5,000 502 Single Cup: e L
10,000 103 C = In-line Straight Terminals Side Exit 2.54 mm centers
20,000 203 R = In-line Terminals Rear Exit 2.54 mm centers
4 P = 5.08mm x 2.54mm Triangular Pattern Rear Exit
188888 ?8431 Y = 5.08mm x 5.08mmTriangular Pattern Rear Exit
z Dual Cup (Pot/Pot or Pot/Switch):
200,000 204 H = Dual In-line Straight Terminals Rear Exit 2.54 mm centers
500,000 504 .
1,000,000 105 Shaft End Designator
o 0 = Shaft End Slotted
Popul | listed in boldf G it 1 = Shaft End Flatted
opular values listed in boldface. Consu )
i i Shaft Length Designator
factory for special resistances. 0= 12.7mm FMS Long Plastic Shaft (Available w/bushing only)
1= 19.05mm FMS Long Plastic Shaft (Available w/bushing only)
2 = 5.59mm FMS Long Plastic Shaft (Bushingless version only)

Bushing Designator
Pot (or Pot/Pot):
1= 6.35mm x 6.35mm Plastic
2 = 6.35mm x 6.35mm Ni Plated Brass
5 = Bushingless (Board Level Control)

ot/Switch Bushing Designator (use with “H” terminal style only.)

6.35mm x 6.35mm Plastic

6.35mm x 6.35mm Ni Plated Brass

6 = Bushingless (Board Level)

Resistance Code
(1st 2 digits are significant, 3rd digit is number of Os to follow)

P
3
4

Specifications are subject to change without notice.



3310 - Dimensions and Tolerances BOURNS

COMMON DIMENSIONS

3310-001
Plastic Bushing
Slotted Shaft 9.53+.25
— [ (3752 .010)
953+ .25
(375£.010)
51+.05
{020+ 009) A
SOLDER PLATED —— 597489
COPPER PINS ®/ é ED {235<.035)
254+ 25 254+ 25
{100£.010) {100£.010)
1/4-32 UNEF-2A
THREADED PLASTIC

475 MIN. FULL

MOUNTING (.187) THREAD
SURFACE DIA.
_.38 3.18+.05
015 (-125+.002)
(MIN) F

STANDOFF ‘ ‘ ‘ ‘
483+ 25 L \
A83+.25 6.35+ .08
‘ 635 | |03:08
(1902.010) Tos0) | |(230%.003)
‘ - MOUNTING
5.18+ 38 1270464 _ DIA.
(2042 015) 500+ 025)
ADJUSTMENT SLOT
4+ 10
1025+ 00) "W'°E
.76 +.25
X {030+ 010) CEE
76+ 05X.76 o

(1030 +.002 X .030)
ANTI—E};{(g)TATION

N
) 38

7~

[ ot
/ I staDore
762/ H | HJ
(.300) ‘ \ S places
DIA. MOUNTING 478 (020

SURFACE =1~ T1gg)

3310C-001
%
r
| w
RN |
.391+.38
-~ (154;.015)
3310P-001
9.53+.25

‘ ‘ (375 010)
]%ﬁ ﬁ

©] LD 953+ .25
Ao | oA 53E.
‘ ‘ (.375+.010)
254+.25 254+.25
{100+ .010) {100+ 010)
597+.89

254+ .25 235+ 035)
(100 £ . 010L
Ef—f—:;l‘ ‘

L f

483+.38
{190+ 015)

[=

3310R-001

<$*ooo‘(D

254+ 25 254+ .25
(100 .010) {100+ .010)

597+ .89

) (235 .035)

=

{ 254+ .25

{100+ .010)

MM

DIMENSIONS ARE: — ™V
(INCHES)

3310Y-001 953+ .25
@ {375+ 010)
I 1
3 f
953+ .25
375+.010
Ol | D1 )
254+ 25 2.54+.25
{100£ .010) {100 £.010)
5.97 +.89
5.08+.25 ‘ (235 035)
{200+ .010)
L7
254 + 38
{100= .015)

COMMON DIMENSIONS
3310C-101
Plastic Flatted Shaft

MOUNTING
SURFACE

6.35+.08
{250 + .003)
MOUNTING DIA.

1270+ .64

T
.500 +.025)
FROM MOUNTING
SURFACE

(7
&

D

1

—Y

Specifications are subject to change without notice.



3310 - Dimensions and Tolerances BOURNS

COMMON DIMENSIONS 3310P-025 *
3310-002 Bushingless
Metal Bushing 7.62+.20
(:300+.008) DIA
1/4-32 UNEF-2A 6.35+ .08 635420 )
S50 250 +.008
THREADED METAL {250+ .003) ( )
VOUNTING MOUNTING DIA. 38 o
% SURFACE (015) ﬂ
M"‘h MIN. STANDOFF

MIN. STANDOFF & Y

o : I——1
483+ .25 L ‘ %L 75 .
(.190 +.009) | (.030) 51+.10 o
\ 635 (:020+.004) -

{250) 5.18+.64 559+ .38
6.35+ .64 1270+ 64 (204+.025) ! " (220 .015)
(250 +.025) {500 +.025)
76+ .05X .97
(030 002 X 03g) ot 762
ANTI-ROTATION A=
RS (300) %
DIA, MOUNTING ==
\a SURFACE MIN ggl\sl\:DOFF
1) i
" 38 K
{ o)
L o MIN.
H | H ¥ sTanporr
)
Copp2 PLACES

3310C-002

| Tl

DIVENSIONS ARE: — MM
(INGHES)

NOTE: * Only recommended shaft length
for bushingless version

Specifications are subject to change without notice.



3310 - Dimensions and Tolerances BOURNS

COMMON DIMENSIONS
3310H-003
Pot/Switch Dual Cup
Plastic Bushing

953+.25
{375+ 010)
@?? PRIMARY
0 1 ELEMENT
9.75+ .38
(383 £ .015)
F 1 R -
38
(.OTF)) 8 ‘é@ SWITCH
STANDOFF ('019{» T L zsaxas
4PLCS. {010+ .010)
Y
{010+ .010)
51+.05 ANTI-ROTATION LUG
—— == DA MOUNTING
-?ﬁopagg%) SURFACE\ 1/4-32 UNEF-2A
COPPER PINS 38 THREADED
015 PLASTIC BUSHING
762 1o MIN, 318+.05
030) ' STANDOFFL (.125D ?LAOOZ)—I
5.08 + 25 :
020+ .010) | ~ o ‘ ‘ ‘ ‘ 7it
1 _ | T
|
i \ 5.97 + .89 ——Lﬁ
1.14 f 23 (0.25)
AL (235 % .035)
(0.045) | 1270+64 _|
754+ .64 (050 £ .025)
(0297 + 025)
ADJ. SLOT 2410 _\yppy 76208 pppp |

{1025 +.004) (03+.004)
635+.08 |
{025+ 003)
MOUNTING DIA.
MM
DIMENSIONS ARE: ———
(INCHES)

NOTE: * Only recommended shaft length
for bushingless version

3310H-025* 3310H-002
Pot/Pot Dual Cup Pot/Pot Dual Cup
Bushingless Metal Bushing
DD D privary D@D D primary
ELEMENT ELEMENT
R4 seconpary SECONDARY
b%} ELEMENT %) (5) (1) ELEMENT
ANTI-ROTATION LUG
1/4-32 UNEF-2A
THREADED
'Vé%%ﬁg\‘f METAL BUSHING
38 7.62+.20 N 318+.05
(015) L, 030+ 00g) " {125+ .002) |
MIN. MOUNTING Bih,
STANDOFF SURFACE
="l 7’7’5:7:L
I 377 - i)
_ |
~—- i o
ST H o 7.62+ 64 12.70 + .64
0.235 + 035 62| 70
( ) 635+.38 | {029+ 025) 1 {050 + 025)
(025:+.015) 69+.10 76+.08
ADJ. SLOT ror s WIDE X oy DEEP =
6.35+.08 ]
@252 003) MOUNTING DIA.
Pot/Pot Dual Cup Pot/Switch Dual Cup
PRIMARY PRIMARY
cow ow cow ow
CLOCKWISE——= CLOCKWISE——=
WIPER © cOMMON
SECONDARY ® SWITCH [
cow@) ® cw cow (R cw
CLOCKWISE —— CLOCKWISE—~
Pot Single Cup
PRIMARY
cow ow
CLOCKWISE——=
REV. 11/01
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