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Abstract

Fountain is one of the most popular decorations both indoor and outdoor of the buildings. If
the height of the fountain can be adjusted according to the beat of music it will attract more
attentions. On the other hand, the construction and maintenance cost are also high as well.

This project presents the application of Microcontroller in controlling the turning on / off of
the fountain nozzles with servo motors. The operation of the fountain can be selected from the
programming microcontrollers or by operating from the computer. Besides, it can be controlled
by the sound signals to identify the height of the fountains according to the beat of the music.

In this project, the Microchip’s PIC 16F628 microcontroller and Futaba S3003 servomotor
are used. The ball valves are attached to the base in order to make they are able to install
servomotor to control the valves. Further more, there is an adjustment in the movement ability of

the valves to reduce the work power of servo motors.
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2.4.7.2 FIKUHUMS (Operators)
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4. wnTeanuediiunisud lu (Conditional Operator)
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A115210f1n71 115.2K Baud Al Pulse length 1#i89 3/16 994 RS-232 1ol szwda
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117 2.9 wesaeynsy
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Pin | Name | RS232 V.24 | Dir Description
1 CD CF 109 Carrier Detect
2 RXD BB 104 Receive Data
3 TXD BA 103 Transmit Data
—
4 DTR (CD 108.2 Data Terminal Ready
—
5 GND AB 102 —_ Signal Ground
6 DSR [CC 107 — Data Set Ready
7 RTS CA 105 _— Request to Send
8 (TS |CB 106 -— Clear to Send
9 RI CE 125 Ring Indicator
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Abbreviation Full Name Originator Function
TD Transmit Data DTE Serial data output (TXD) from DTE.
RD Receive Data DCE Serial data input (RXD) to DTE.
CTS Clear To Send DCE Tell DTE that DCE is ready to exchange data.
(D)CD (Data) Carrier DCE Carrier from remote DCE is detected.
Detect
DSR Data Set Ready DCE Tell DTE that DCE is ready to establish a
link.
DTR Data Terminal DTE Tell DCE that DTE is ready to establish a
Ready link.
RTS Ready To Send DTE Tell DCE that DTE is ready to exchange data.
RI Ring Indicator DCE Ringing signal from the phone line is

detected.
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Note the following details of the code protection feature on Microchip devices:
+  Micrechip products meet the specification contained in their particular Microchip Data Sheet.
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mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
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MICROCHIP

PIC12F629/675

8-Pin FLASH-Based 8-Bit CMOS Microcontroller

High Performance RISC CPU:

* Only 35 instructions to learn
- All single cycle instructions except branches
* Operating speed:
- DC - 20 MHz oscillator/clock input
- DC - 200 ns instruction cycle
« [nterrupt capability
8-level deep hardware stack
Direct, Indirect, and Relative Addressing modes

Special Microcontroller Features:

+ Internal and external oscillator options

- Precision Internal 4 MHz oscillator factory
calibrated to 1%

- External Oscillator support for crystals and
resonators

- 5 us wake-up from SLEEP, 3.0V, typical

* Power saving SLEEP mode

* Wide operating voltage range - 2.0V fo 5.5V

* Industrial and Extended temperature range

+ Low power Power-on Reset (POR)

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

* Brown-out Detect (BOD)

+ Watchdog Timer (WDT) with independent
oscillator for reliable operation

» Multiplexed MCLR/Input-pin
* Interrupt-on-pin change
= Individual programmable weak pull-ups
* Programmable code protection
« High Endurance FLASH/EEPROM Cel!
- 100,000 write FLASH endurance
- 1,000,000 write EEPROM endurance
- FLASH/Data EEPROM Retention: > 40 years

Low Power Features:

+ Standby Current:
- 1nA @ 2.0V, typical
+ QOperating Current:
- 85pA @ 32 kHz, 2.0V, typical
- 100 pA @ 1 MHz, 2.0V, typical
= Watchdog Timer Current
- 300 nA @ 2.0V, typical
« Timer1 oscillator current:
- 4 pA @ 32 kHz, 2.0V, typical

Peripheral Features:

+ 6 I/O pins with individual direction control
+» High current sink/source for direct LED drive
* Analog comparator module with:

- One analog comparator

- Programmable on-chip comparator voltage
reference (CVREF) module

- Programmable input multiplexing from device
inputs

- Comparator output is extemally accessible

+ Analog-to-Digital Converter medule (PIC12F675):

- 10-bit resolution

- Programmable 4-channel input

- Voltage reference input

+ Timer0: 8-bit timer/counter with 8-bit
programmable prescaler

* Enhanced Timer1:
- 16-bit timer/counter with prescaler
- External Gate input mode
- Option to use OSC1 and OSC2 in LP mode
as Timer1 oscillator, if INTOSC mode
selected
+ In-Circuit Serial Programming™ (ICSP™}) via
two pins

Program
Data Memory
Memory 10-bit A/D Timers
Device o Comparators

FLASH SRAM | EEPROM (ch) pa 8/16-bit

(words) (bytes) (bytes)
PIC12F629 1024 64 128 - 1 1M
PIC12F675 1024 64 128 6 4 1 11

* 8-bit, 8-pin devices protected by Microchip’s Low Pin Count Patent: U.S. Patent No. 5,847,450. Additional U.S. and
foreign patents and applications may be issued or pending.

© 2007 Microchip Technolegy Inc.
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PIC12F629/675

Pin Diagrams

8-pin PDIP, SOIC, DFN-S

p—
Voo —>|: 1 8 ]—— Vss
[~
GPSIT1CKIOSC1/CLKIN ._.[ 2 @ 7]~ GPOICIN+ICSPDAT
[
GPATIG/OSC2CLKOUT «— |3 g & [J=—= GP1/CIN-ICSPCLK
GP3/MCLR/VPP ——[ 4 B 5 D‘_’ GP2TOCKIINT/COUT
T
von —{|1 8[]=— vss
R
GPS/TICKIOSCI/CLKIN ~—=[]2 o 7 |+ GPO/ANOICIN4ICSPDAT
R o~
GP4/AN3/T1G/OSC2/CLKOUT <—>[ 3.5 6 [ J«— GP1/ANTICIN-VREFICSPCLK
GP3IMCLRVP? 4 B 5 D<—— GP2/AN2TOCKI/INT/COUT
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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 publlcatlons to better sUit your needs. Our pubhcatlons will be refined and
senhanced as new volumeés and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Deparlment via
E-mail at docerron@mlcrochlp 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 ol‘ this data sheet; please register at our Worldwnde Web site at:
hitp:/Awvew.microchip.com :

You can determine the version of a data sheet by examining its fiterature 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 ermrata sheet, describing minor opéréinonal differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, wa will publlsh an en‘ata 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 wﬂh one of the following:

+.Microchip’s Worldwide Web site; hitp:/Maww.microchip.com

+ Your local Microchip sales office (see last page)

When contacting a Sales oﬂ‘ice. please specify which device, revisuon of smoon and data sheet (include literature number) you are
using. .

Customer Notification System
Register on our web site at www.microchip.com to receive the most current information on all of our products.

® 2007 Microchip Technology Inc. DS41190E-page 3
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PIC12F629/675

1.0 DEVICE OVERVIEW

This document contains device specific information for
the PIC12F629/675. Additional information may be
found in the PIC® Mid-Range Reference Manual
(DS33023), which may be obtained from your local
Microchip Sales Representative or downloaded from
the Microchip web site. The Reference Manual should
be considered a complementary document to this Data

FIGURE 1-1:

PIC12F629/675 BLOCK DIAGRAM

Sheet, and is highly recommended reading for a better
understanding of the device architecture and operation
of the peripheral modules.

The PIC12F629 and PIC12F675 devices are covered
by this Data Sheet. They are identical, except the
PIC12F675 has a 10-bit A/D converter. They come in
8-pin PDIP, SOIC, and MLF-S packages. Figure 1-1
shows a block diagram of the PIC12F629/675
devices. Table 1-1 shows the Pinout Description.

3 DataBus  ©
FLASH Program Counter lL 2
GPO/AND/CIN+
':Argrgnrg$ M GP1/AN1/CIN-/VREF
8-Level Stack RA [e—=1 X} GP2/AN2/TOCKKINT/COUT
Kx 14 (13-bit) Regisiers «—15) GP3MCLRIVPP
64x8 [e—=X| GP4/ANIT1G/OSC2/CLKOUT
Program 1 X [+—»] X] GPS/T1CKI/OSC1/CLKIN
Bus 4 RA 1)
g Add
Instruction Reg Addr MUX
i 7 Indirect
Direct Addr 8l "Adar
FSR Reg
Intemal 8 STATUS Reg
4 MHz
Oscillator
o | )
IBstrugtiog m
ecode & [—r
Control Power-up l
Timer P!
Timin illat
D= Generation < Slaorts-ﬁlp Toner
OSC1/CLKIN Power-on
0SC2/CLKOUT Voo, Vss [5—» Reset W Reg
Watchdog
Timer
E—! Brown-out
%_G Detect
TACKI l
&< Timero Timer1
TOCKI
[
L Analog @
Analog to Digital Converter Comparator EEDATA
(PIC12F675 only) and reference g | 128 bytes
DATA
EEPROM
é é % é X EEADDR
CIN- CIN+ COUT
VREF AND AN1AN2 AN3
Note 1: Higher order bits are from STATUS register.

© 2007 Microchip Technology Inc.
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PIC12F629/675

TABLE 1-1: PIC12F629/675 PINOUT DESCRIPTION

Name Function I.:.'y':: O.Il.;: s:t Description
GPO/ANO/CIN+ICSPDAT GPO TTL CMOS | Bi-directional I/O w/ programmabile pull-up and
interrupt-on-change
ANO AN AJ/D Channel 0 input
CIN+ AN Comparator input
ICSPDAT TTL CMQOS | Serial programming 110
GP1/AN1/CIN-/VREF/ GP1 TTL CMOS | Bi-directional IO w/ programmable pull-up and
ICSPCLK interrupt-on-change
AN1 AN A/D Channel 1input
CIN- AN Comparator input
VREF AN External voltage reference
ICSPCLK ST Serial programming clock
GP2/AN2/TOCKI/INT/COUT GP2 ST CMOS | Bi-directional IO w/ programmable pull-up and
interrupt-on-change
AN2 AN" AJD Channel 2 input
TOCKI ST TMRO clock input
INT ST External interrupt
couTt CMQOS | Comparator output
GP3MCLRNVPP GP3 TTL Input port w/ interrupt-on-change
MCLR ST Master Clear
VPP HV Programming voltage )
GP4/AN3/T1G/OSC2/ GP4 TTL CMOS |Bi-directional I/O w/ programmable puil-up and
CLKOUT interrupt-on-change
AN3 AN AJD Channel 3 input
T1G ST TMR1 gate
QS8C2 XTAL | Crystal/resonator
CLKOUT CMOS | Fosc/4 output
GP5/T1CKI/OSC1/CLKIN GP5 TTL CMOS | Bi-directional /O w/ programmable pull-up and
interrupt-on-change
T1CKI ST TMR1 clock
0SC1 XTAL Crystaliresonator
CLKIN ST External clock input/RC oscillator connection
Vss VsSs Power Ground reference
VDD VDD Power Positive supply

Legend: Shade = PIC12F675 only
TTL = TTL input buffer, ST = Schmitt Trigger input buffer

DS41190E-page 6 © 2007 Microchip Technology Inc.




PIC12F629/675

2.0 MEMORY ORGANIZATION

2.1 Program Memory Organization

The PIC12F629/675 devices have a 13-bit program
counter capable of addressing an 8K x 14 program
memory space. Only the first 1K x 14 (00C0h - 03FFh)
for the PIC12F629/675 devices is physicaily imple-
mented. Accessing a location above these boundaries
will cause a wrap around within the first 1K x 14 space.
The RESET vector is at 000Ch and the interrupt vector
is at 0004h {see Figure 2-1).

FIGURE 2-1: PROGRAM MEMORY MAP
AND STACK FOR THE
PIC12F629/675

| PC<12:0> ]
CALL, RETURN 13,
RETFIE, RETLW 7"

Stack Level 1
Stack Level 2

Stack Leve! 8

RESET Vector 000h
K ——

Interrupt Vector 0004

0005
On-chip Program
Memory

03FFh
0400h
1FFFh

2.2 Data Memory Organization

The data memory (see Figure 2-2) is partitioned into
two banks, which contain the General Purpese regis-
ters and the Special Function registers. The Special
Function registers are located in the first 32 locations of
each bank. Register locations 20h-5Fh are Generat
Purpose registers, implemnented as static RAM and are
mapped across both banks. All other RAM is
unimplemented and returns ‘0’ when read. RPO
(STATUS<5>) is the bank select bit.

+ RPO=0Bank 0 is selected
+ RPO=1Bank 1 is selected
Note: The IRP and RP1 bifs STATUS<7:6> are

reserved and should always be maintained
as '0’s.

221 GENERAL PURPOSE REGISTER
FILE

The register file is organized as 64 x 8 in the
PIC12F629/675 devices. Each register is accessed,
either directly or indirectly, through the File Select
Register FSR (see Section 2.4).

©® 2007 Microchip Technology Inc.
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PIC12F629/675

222 SPECIAL FUNCTION REGISTERS

The Special Function registers are registers used by
the CPU and peripheral functions for controlling the
desired operation of the device (see Table 2-1). These
registers are static RAM.

The special registers can be classified into two sets:
core and peripheral. The Special Function registers
associated with the “core” are described in this section.
Those related to the operation of the peripheral
features are described in the section of that peripheral
feature.

FIGURE 2-2: DATA MEMORY MAP OF
THE PIC12F629/675
File File
Address Address
Indirect addr{! | 00h Indirect addr.{! | 80h
TMRO 01h OPTION_REG | 81h
PCL 0zh PCL 8zh
STATUS 03h STATUS 83h
FSR 04h FSR 84h
GPIO 05h TRISIO 85h
06h 86h
07h 87h
08h 88h
09h s 89h
PCLATH 0Ah PCLATH 8Ah
INTCON 0Bh INTCON 8Bh
PIR1 0Ch PIE1 8Ch
0Dh S 8Dh
TMRIL 0Eh PCON 8Eh
TMR1H OFh 8Fh
T1CON 10h OSCCAL 90h
i 11h 91h
12h 92h
13h 93h
14h 94h
15h WPU 95h
16h I0C 96h
17h 97h
18h ' 98h
CMCON 19h VRCON 99h
1Ah EEDATA 9Ah
1Bh EEADR 9Bh
1Ch EECON1 9Ch
1Dh EECON2(" | 9Dh
ADRESH{2 1Eh ADRESL2) 9Eh
ADCON0@ 1Fh ANSEL® 9Fh
20h AOh
General
Pur_pose accesses
Registers 20h-5Fh
64 Bytes
5Fh DFh
60h EOh
7Fh FFh
Bank 0 Bank 1

D Unimplemented data memory locations, read as '0’.
1:

Not a physical register.

2: PIC12F675 only.

DS41190E-page 8
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PIC12F629/675

TABLE 2-1: SPECIAL FUNCTION REGISTERS SUMMARY

Address Name Bit7 Bt 6 Bit5 Bh 4 Bit3 Bit 2 Bit 1 Bit0 P‘g&%‘g‘o Pags
Bank 0

00h INDF(! Addressing this Location uses Contents of FSR to Address Data Memory 0000 0000 | 18,59
01h TMRO TimerQ Module’s Register xxxx xxxx | 27
02h PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 17
03h STATUS IRP@ I RP1 | RPO I TO I PD | z l DG I 0001 1xxx 1
04h FSR Indirect Data Memory Address Pointer XXXX XXXX 18
05h GPIO — | — ] orios | crioa | arioa | epioz | GPior | GPI00 [ --xx xxxx | 19
08h " —  ilunimplemented - —
07h - Unimplemanted — —
08h — Unimplemented — -
0Sh —_— Unimplemented _ —_—
0Ah PCLATH - —_ — Write Buffer for Upper 5 bits of Program Counter ---0 oooo | 17
OBh INTCON GIE PEIE TOIE INTE GPIE TOIF INTF GPIF 0000 0000 | 13
0ch PIR1 EEIF ADIF - - CMIF —_ - TMR1IF | 00-- 0--0| 15
oDh - Unimplemented - -
OEh TMRIL Holding Register for the Least Significant Byle of the 16-bit Timer1 xxxx xxxx [ 30
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit Timer1 xxxx xxxx [ 30
10h T1CON —_ TMR1GE | TICKPS1 | TICKPSO | TIOSCEN | TISYNC | TMRICS | TMR1ON | -000 cooo | 32
11h — Unimplemented —_ -
12h —_ Unimplemented n —
13h — Unimplemerited — —
14h - Unimplemented - -
15h s Unimplementad —_ —_
16h -— Unimplemented —_ -
17h —_ Unimplemented —_ _
16h - Unimplemented R - —
15 [cMCON — Joour | — T cnv [ cs | cm2 | oMt | cMo |-0-0 ooco| 35
1Ah — Unimplemented — -
1Bh — Unimplemented —_ —_
1Ch -_ Unimplemented — —
1Dh _ Unimplemented L — —_
1Eh ADRESHI3! Most Significant B bits of the Left Shifted A/D Result or 2 bits of the Right Shifted Result XXXX xXxxx | 42
1Fh ADCONOR! ADFM | VCFG — [ "= ] cHst [ cHso JGODONE][ ADON [ oo-- coao | 4359
Legend: — =unimplemented locations read as ‘0', u = unchanged, x = unknown, g = value depends on condition,

shaded = unimplemented
Note 1: This is not a physical register.
2: These bits are reserved and should always be maintained as '0".
3: PIC12F675 only.

© 2007 Microchip Technology Inc.
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PIC12F629/675

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

Address Name BIt7 Bit6 BIt S Bt 4 BIt3 Bit2 BIt 1 Bito P‘gF':’B%"D Page
Bank 1

80h INDF(Y) Addressing this Location uses Contents of FSR to Address Data Memory 0000 0000 | 18,59
81h OPTIONREG | GPPU | INTEDG | Tocs | TosE | pPsa | ps2 | ps1 | Pso  [1111 11111228
82h PCL Program Counter's (PC) Least Significant Byte 0000 0000 17
83h STATUS me® | geya | RO [ 6 | P [ z | o | ¢ 0001 laxx | 11
84h FSR Indirect Data Memory Address Pointer XXXX XXX 18
85h TRISIO — | =] trsios | Trisios | TRisiOs | TRisIo2 | TRisIOn | TRISIOO | --11 1111 ] 19
86h — Unimpliemented By —_ —_
87h — Unimplemented - _
88h — Unimplemented — —
8%h - Unimplemented — —
8Ah PCLATH — - — Write Buffer for Upper 5 bits of Program Counter ---0 o000 | 17
8Bh INTCON GIE PEIE TOIE INTE GPIE TOIF INTF GPIF | 0000 gaoo | 123
8ch PIE1 EEIE ADIE - | = CMIE - - TMR1UE |00-- 0--0| 14
8Dh — Unimplementad S B — -
8Eh  [PCON - | - & - - ] — 1 = [ PorR | BOD [---- -- ox| 16
8Fh — Unimplemented — —
90h OSCCAL cals | ca4 | cas3 | caz | cau | cawo | — — | 2000 00--| 16
91h — Unimplemented — -
92 — Unimplemented — -
83n — Uniimplemented — —
94h — Unimplemented L — —
95h WPU — JE Wweus | weu4 — weuz [ weui WPUO | --11 -111] 20
96h 10C — 10C5 I0C4 10C3 10c2 10C1 I0CO | --00 ogoa | 21
97h - Unimplemented — -
96h - Unimplemented e S - _
9%h VRCON VREN — | wvvR | — | VR3 | VR2 | VR1 | VRO [o0-0- ooco| 40
9Ah EEDATA Data EEPROM Data Register 0000 0000 | 47
98h EEADR — Data EEPROM Address Register -000 0000 47
sch  [eecon — — | =] — |wrerR| wReN | WR | RD [---- xo00| 48
9Dh Eecon2(! EEPROM Control Register2 4 48
9Eh ADRESLI Least Significant 2 bits of the Left Shifted A/D Resutt of 8 bits or the Right Shifted Result xxxx xxxx | 42
9Fh  [ANSEL® — apcsz | apcs1 | apcso | amnss | ans2 | anst | ANso [ -ooo 1111 [ 4450
Legend: — = unimplemented locations read as '0’, u = unchanged, x = unknown, g = value depends on condition,

shaded = unimplemented
Note 1: This is not a physical register.
2: These bits are reserved and should always be maintained as ‘0’
3: PIC12F675 only.

DS41190E-page 10
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2.2.21 STATUS Register
The STATUS register, shown in Register 2-1, contains:

» the arithmetic status of the ALU
+ the RESET status
« the bank select bits for data memory (SRAM)

The STATUS register can be the destination for any
instruction, like 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 resuit 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 any STATUS bits. For other instructions not
affecting any STATUS bits, see the “Instruction Set
Summary”.

Note 1: Bits IRP and RP1 (STATUS<7:6>) are not
used by the PIC12FE29/675 and shoutd
be maintained as clear. Use of these bits
is not recommended, since this may affect
upward compatibility with future products.

2: The C and DC bits operate as a Borrow

and Digit Borrow out bit, respectively, in
subtraction.-See the SUBLW and SUBWF

instructions for examples.

REGISTER 2-1: STATUS — STATUS REGISTER (ADDRESS: 03h OR 83h)
Reserved Reserved R/MW-0 R-1 R-1 RAN-x RMW-x RMW-x
| RP | RP1 | RPO To | P | z | bc c
bit 7 bit 0
bit 7 IRP: This bit is reserved and should be maintained as ‘0’
bit 6 RP1: This bit is reserved and should be maintained as ‘0’
bit5 RPO: Register Bank Select bit {used for direct addressing)
0 = Bank 0 (00h - 7Fh)
1 = Bank 1 (80h - FFh)
bit 4 TO: Time-out bit
1 = After power-up, CLRWDT instruction, or SLEEP instruction
0 = AWDT 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 O 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 W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1" = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

© 2007 Microchip Technology Inc.
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2222 OPTION Register

The OPTION register is a readable and writable
register, which contains various control bits to

configure:

* TMRO/WDT prescaler

Note: To achieve a 1:1 prescaler assignment for
TMRO, assign the prescalerio the WDT by
setting PSA bit to ‘1’ (OPTION<3>). See
Section 4.4,

* External GP2/INT interrupt

+ TMRO

« Weak puil-ups on GPIO

REGISTER 2-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

OPTION_REG — OPTION REGISTER (ADDRESS: 81h)
RAW-1 R/W-1 R/W-1

RAW-1 R/W-1 RW-1 R/MW-1 RAW-1

| GPPU | INTEDG | T0CS | TOSE | PSA |

Ps2 | PS1 PSO

bit 7

GPPU: GPIO Pull-up Enable bit
1 = GPIO pull-ups are disabled
0 = GPIO puli-ups are enabled by individuat port latch values

INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of GP2/INT pin
o0 = Interrupt on falling edge of GPZ/INT pin

TOCS: TMROC Clock Source Select bit
1 = Transition on GP2/TOCK! pin
0 = Internal instruction cycle clock (CLKOUT)

TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on GP2/TOCKI pin
0 = Increment on low-to-high transition on GP2/TOCKI pin

PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the TIMERO module

PS$2:PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate

000 12
001 04
010 18
011 116
100 132
101 164
110 1128
111 1256

0N

[ G QI G Y
[ N N G G
-

[o)]

bit 0

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

DS41190E-page 12
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2223 INTCON Register

The INTCON register is a readable and writable
register, which contains the various enable and flag bits
for TMRO register overflow, GPIO port change and
external GPZ/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
interrupt flag bits are clear prior to enabling
an interrupt. B

REGISTER 2-3: INTCON — INTERRUPT CONTROL REGISTER (ADDRESS: 0Bh OR 8Bh)
R/W-0 R/W-0 R/W-0 R/W-0 RAW-0 R/W-0 RW-0 RW-0

| Ge | PEE | ToE | INTE | GPIE | TOF | INTF | GPF |
bit 7 bit O
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
o0 = 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: GP2/INT External Interrupt Enable bit
1 = Enables the GP2/INT external interrupt
0 = Disables the GP2/INT external interrupt
bit 3 GPIE: Port Change Interrupt Enable bit(!
1 = Enables the GPIO port change interrupt
0 = Disables the GPIO port change interrupt
bit 2 TOIF: TMRO Overflow Interrupt Flag bit(2!
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1 INTF: GP2/INT External Interrupt Flag bit
1 = The GP2/INT external interrupt occurred (must be cleared in software)
0 = The GP2/INT external interrupt did not occur
bit 0 GPIF: Port Change Interrupt Flag bit
1 = When at least one of the GP5:GPO0 pins changed state {(must be cleared in software)
0 = None of the GP5:GPO0 pins have changed state

Note 1: IOC register must also be enabled to enable an interrupt-on-change.

2: TOIF bit is set when TIMERO rolls over. TIMERO is unchanged on RESET and
should be initialized before clearing TOIF bit.

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

© 2007 Microchip Technology Inc. DS41190E-page 13
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2224 PIE1 Register

The PIE1 register contains the interrupt enable bits, as

shown in Register 2-4.

REGISTER 2-4:

bit 7

bit &

bit 5-4
bit 3

bit 2-1
bit O

. Note: Bit PEIE (INTCON<6>) must be set to
enable any peripheral interrupt.

PIE1 — PERIPHERAL INTERRUPT ENABLE REGISTER 1 (ADDRESS: 8Ch)

RW-0  RM-0 U-0 uU-0 RMW-0 U-0 U-0 RW-0
| eee | aDE | — | — JTeme | — | — |7T™MRIE]
bit 7 bit 0

EEIE: EE Write Complete Interrupt Enable bit

1 = Enables the EE write complete interrupt

0 = Disables the EE write complete interrupt

ADIE: A/D Converter Interrupt Enable bit (PIC12F675 only)
1 = Enables the A/D converter interrupt

0 = Disables the A/D converter interrupt

Unimplemented: Read as ‘0’

CMIE: Comparator Interrupt Enabie bit

1 = Enables the comparator interrupt

0 = Disables the comparator interrupt
Unimplemented: Read as '0’

TMR1IE: TMR1 Overflow Interrupt Enable bit

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

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

DS41190E-page 14
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2225 PIR1 Register

The PIR1 register contains the interrupt flag bits, as 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
software should: ensure the appropriate
interrupt flag bits are‘clear prior to enabling

shown in Register 2-5.

REGISTER 2-5:

bit 7

bit 6

bit 5-4
bit 3

bit 2-1
bit O

an interrupt.

PIR1 — PERIPHERAL INTERRUPT REGISTER 1 (ADDRESS: 0Ch)

R/MW-0 R/W-0 u-o u-o R/W-0 U-0 U-0 R/W-0
EEIF ADIF [ — | — | cmF | — .— | ™RIIF

bit 7 bit 0

EEIF: EEPROM Write Operation Interrupt Flag bit

1 = The write operation completed (must be cleared in software)

0 = The write operation has not completed or has not been started

ADIF: A/D Converter Interrupt Flag bit (PFIC12F675 only)

1 = The A/D conversion is complete (must be cleared in software)

0 = The A/D conversion is not complete

Unimplemented: Read as ‘0’

CMIF: Comparator Interrupt Flag bit

1 = Comparator input has changed (must be cleared in software)

0 = Comparator input has not changed

Unimplemented: Read as '0’

TMR1IF: TMR1 Overflow Interrupt Flag bit

1 = TMR1 register overflowed (must be cleared in software)

0 = TMR1 register did not cverflow

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

© 2007 Microchip Technology Inc.
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22286 PCON Register

The Power Control (PCON) register contains flag bits
to differentiate between a:

» Power-on Reset (POR)

» Brown-out Detect (BOD)

* Watchdog Timer Reset (WDT)

« External MCLR Reset

The PCON Register bits are shown in Register 2-6.

REGISTER 2-6: PCON — POWER CONTROL REGISTER (ADDRESS: 8Eh}
u-0 u-0 uU-0 U-0 u-0 uU-0 R/W-0 R/M-x
[ - T =T =T =T = 1#=] ]|
bit 7 bit O
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 O BOD: Brown-out Detect STATUS bit
1 = No Brown-out Detect occurred
0 = A Brown-out Detect occurred (must be set in software after a Brown-out Detect occurs)
Legend:
R = Readable bit W = Wiritable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bit is set '0’ = Bit is cleared x = Bit is unknown
2227 OSCCAL Register

The Oscillator Calibration register (OSCCAL) is used to
calibrate the internal 4 MHz oscillator. It contains 6 bits
to adjust the frequency up or down to achieve 4 MHz.

The OSCCAL register bits are shown in Register 2-7.

REGISTER 2-7:

bit 7-2

bit 1-0

OSCCAL — OSCILLATOR CALIBRATION REGISTER (ADDRESS: 90h)

RW-1  RW-0  RW-0  RMW-0  RW-0  RW0 U-0 u-0
cAls | ca4 | cAad | caz | caul | cAao | — ) —
bit 7 bit 0

CALS:CALO: 6-bit Signed Oscillater Calibration bits
111111 = Maximum frequency

100000 = Center frequency

000000 = Minimum frequency

Unimplemented: Read as '0’

Legend:
R = Readable bit W = Wiritable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1" = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

DS41190E-page 16
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23 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 high byte (PC<12:8>) is not
directly readable or writable and comes from PCLATH.
On any RESET, the PC s cleared. Figure 2-3 shows the
two situations for the loading of the PC. The upper
example in Figure 2-3 shows how the PC is loaded on
a write to PCL (PCLATH<4.0> — PCH). The lower
example in Figure 2-3 shows how the PC is loaded
during a CALL or GOTO instruction (PCLATH<4:3> —
PCH).

FIGURE 2-3: LOADING OF PC IN
DIFFERENT SITUATIONS
PCH PCL
12 8 7 0 i
PG | i | PCLas
Destinati
E PCLATH<4.0> 8
5 ALU result
LEPT T
PCLATH
PCH PCL
12 11 10 8 7 0
Pc [ ] : ] TO, CALL
PCLATH<4:3> i@ 11
— Cpcode <10:0>
HEEEREaE
PCLATH

2.3.1 COMPUTED GoTO

A computed GOTO is accomplished by adding an offset
to the program counter (ADDWF PCL). When perform-
ing 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”
(ANS56).

232 STACK

The PIC12F629/675 family has an 8-level deep x 13-bit
wide hardware stack (see Figure 2-1). The stack space
is not part of either program 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
SO on).

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

~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

interrupt address.

© 2007 Microchip Technology Inc.
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24 Indirect Addressing, INDF and
FSR Registers

The INDF register is not a physical register. Addressing
the INDF register will cause indirect addressing.

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

EXAMPLE 2-1: INDIRECT ADDRESSING

Indirect addressing is possible by using the INDF moviw 0x20  ;initialize pointer
register. Any instruction using the INDF register actu- movwf FSR - ;to RAM ,

ally accesses data pointed to by the File Select register NEXT clrf  INDF  ;clear INDF register
(FSR). Reading INDF itself indirectly will produce 00h. ;‘t“;; Egi . ‘;Z;'::e‘

Wiriting to the INDF register indirectly results in a2 no goto NEX"I‘ ’_no clear'next
operation (although STATUS bits may be affected). An CONTINUE ' es continue
effective 9-bit address is obtained by concatenating the a4

8-bit FSR register and the IRP bit (STATUS<7>), as

shown in Figure 2-4.

FIGURE 24: DIRECT/INDIRECT ADDRESSING PIC12F629/675

Direct Addressing
RPIMM RPO 6 From Opcode 0

HEpEEEEEEE

- v J
Bank Select Location Select

» 00 01

Indirect Addressing

rpi1 7 FSR Register 0

L] [

— J

Bank Select | Location Sefect

10 11 -

A
00h

Data
Memory

7Fh

180h

-

Not Used

1FFh

Bank 0 Bank 1

For memory map detail see Figure 2-2.

Note 1. The RP1 and IRP bits are reserved; always maintain these bits clear.

Bank 2 Bank 3

DS41190E-page 18
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3.0 GPIOPORT

There are as many as six general purpose I/Q pins
available. Depending on which peripherals are
enabled, some or all of the pins may not be available as
general purpose 1/O. In general, when a peripheral is
enabled, the associated pin may not be used as a
generat purpose I/0 pin.

register are maintained set when using them as analog

inputs. /O pins configured as analog inputs always

read ‘0'.

Note: The ANSEL (9Fh) and CMCON (1gh)
registers (SFh) must be initialized to
configure an analog channel as a digital
input. Pins configured as analog inputs will
read '0’. The ANSEL register is defined for

Note: . Additional information on I/O ports may be the PIC12F675.
found in the PIC® Mid-Range Refererice
Manual, (DS33023). EXAMPLE 3-1:  INITIALIZING GPIO
- BCF STATUS, RPO ;Bank 0
31 GPIO and the TRISIO Registers CIRF  ap10 CInit GPIO
GPIO is an 6-bit wide, bi-directional port. The corre- MOVLW ~ 07h iSet GP<2:0> to
sponding data direction register is TRISIO. Setting a MOVWF  CMCON idigital 10
BSF STATUS, RPO ;Bank 1

TRISIO bit (= 1) will make the corresponding GPIO pin CLRF  ANSEL
an input (i.e., put the corresponding output driver in a MOVIW  oCh
Hiiimpedance mode). Clearing a TRISIO bit (= 0) will MOVWF  TRISIO

;iDigital 1I/0
iSet GP<3:2> as inputd
;and set GP<5:4,1:0>

make the corresponding GPIO pin an output (i.e., put
the contents of the output latch on the selected pin).
The exception is GP3, which is input only and its
TRISIO bit will always read as ‘1'. Example 3-1 shows
how to initialize GPIO.

Reading the GP!Q 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. There-
fore, a write to a port implies that the port pins are read,
this value is modified, and then written to the port data
latch. GP3 reads ‘0’ when MCLREN = 1.

The TRISIO register controls the direction of the
GP pins, even when they are being used as analog
inputs. The user must ensure the bits in the TRISIO

;a8 outputs

3.2 Additional Pin Functions

Every GPIO pin on the PIC12F629/675 has an
interrupt-on-change option and every GPIO pin, except
GP3, has a weak pull-up option. The next two sections
describe these functions.

3.21 WEAK PULL-UP

Each of the GPIO pins, except GP3, has an individually
configurable weak internal pull-up. Control bits WPUx
enable or disable each pull-up. Refer to Register 3-3,
Each weak pull-up is automatically tumed off when the
port pin is configured as an output. The pull-ups are
disabled on a Power-on Reset by the GPPU bit
(OPTION<7>).

REGISTER 3-1: GPIO — GPIO REGISTER (ADDRESS: 05h)
U-0 u-0 RANV-x RM-x R/W-x RAN-x R/MW-x RAN-x
- | - | ePios ] GPI04 l GPIO3 |GPI02 [ GPIO1 } GPIOD ]
bit 7 bit 0
bit 7-6: Unimplemented: Read as '0’
bit 5-0: GPI10<5:0>: General Purpose IfO pin.

1 = Port pin is >VIH
0 = Port pin is <VIL

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

© 2007 Microchip Technology Inc.
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REGISTER 3-2:  TRISIO — GPIO TRI-STATE REGISTER (ADDRESS: 85h)

u-0 u-0 RAW-x RAW-x R-1 RM-x  RM-x  RMW-=x
_ — I TRISIOS [ TRISIO4 ‘ TRISIO3 ]TRlSloz | TRISIO1 | TRISION ]
bit 7 bit 0
bit 7-6: Unimplemented: Read as '0'
bit 5-0: TRISIO<5:0>: General Purpose I/0O Tri-State Control bit

1 = GPIO pin configured as an input {tri-stated)
0 = GPIO pin configured as an output.

Note: TRISIO<3> always reads 1.

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

REGISTER 3-3: WPU — WEAK PULL-UP REGISTER (ADDRESS: 95h)

u-0 u-o R/W-1 RAW-1 U-0 RMW-1 R/W-1 R/W-1
| — | = | wpus | wpusa |  — | wpuz | wPu1l | wpuo
bit 7 bit 0
bit 7-6 Unimplemented: Read as 'O’
bit 5-4 WPU<5:4>: Weak Pull-up Register bit

1 = Pull-up enabled
0 = Pull-up disabied
bit 3 Unimplemented: Read as '0’
bit 2-0 WPU<2:0>: Weak Pull-up Register bit
1 = Pull-up enabled
0 = Pull-up disabled

Note 1: Global GPPU must be enabled for individual pull-ups to be enabled.
2: The weak pull-up device is automatically disabled if the pin is in Qutput mode

(TRISIO = 0).
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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322 INTERRUPT-ON-CHANGE

Each of the GPIO pins is individually configurable as an
interrupt-on-change pin. Control bits IOC enable or
disable the interrupt function for each pin. Refer to
Register 3-4. The interrupt-on-change is disabled on a
Power-on Reset.

For enabled interrupt-on-change pins, the values are
compared with the old value latched on the last read of
GPIO. The ‘mismatch’ outputs of the last read are OR'd
together to set, the GP Port Change Interrupt flag bit
(GPIF) in the INTCON register.

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 GPIO. This will end the
mismatch condition.

b) Clear the flag bit GPIF.

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

Note: If a change on the {/O pin should occur
when the read operation is being executed
(start of the Q2 cycle), then the GPIF inter-
rupt flag may not get set.

REGISTER 34: 10C — INTERRUPT-ON-CHANGE GPIO REGISTER (ADDRESS: 96h)

u-0 u-0 R/W-0 R/W.0 RW-0 R/W-0 R/W-0 R/W-0
- 1 - locs | 10C4 loca | 1oc2 | 1oc1 | 10co
bit 7 bit 0
bit 7-6 Unimplemented: Read as '0’
bit 5-0 10C<5:0>: Interrupt-on-Change GPIO Control bit

1 = interrupt-on-change enabled

¢ = Interrupt-on-change disabled

Note 1: Global interrupt enable (GIE) must be enabled for individual interrupts to be

recognized.
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 = Bitis unknown

® 2007 Microchip Technology Inc.
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33 Pin Descriptions and Diagrams

Each GPIO pin is multiplexed with other functions. The
pins and their combined functions are briefly described
here. For specific information about individual functions
such as the comparator or the A/D, refer to the
appropriate section in this Data Sheet.

3.3.1 GPO/ANO/CIN+

Figure 3-1 shows the diagram for this pin. The GPO pin
is configurable to function as one of the following:

+ ageneral purpose |/QO

+ an analog input for the A/D (PIC12F&675 only)

+ an analog input to the comparator

3.3.2 GP1/AN1/CIN-/VREF

Figure 3-1 shows the diagram for this pin. The GP1 pin
is configurable to function as one of the following:

* as a general purpose /O

+ an analog input for the A/D (PIC12F675 only)

+ an analog input to the comparator

+ a voltage reference input for the A/D (PIC12F675
only)

FIGURE 3-1: BLOCK DIAGRAM OF GP0
AND GP1 PINS
Analog
Data Bus Input Mode
Q VoD

s

Interrupt-on-Change

To Comparator

WU [ [
RD ¢ GPPU
WPU

o @ Voo
WR _| CK =
porT TP~ @

110 pin

D Q
WR —
TRisioTP K G Vss

Analog
RD Input Mode
TRISIO J
ro $—<]
PORT
D Q
WR +-Q DHe
10¢
EN

RD
oc Q oH

RD PORT

To A/D Converter

hd

DS41190E-page 22

© 2007 Microchip Technology Inc.



PIC12F629/675

3.3.3 GP2/AN2/TOCKI/INT/COUT

Figure 3-2 shows the diagram for this pin. The GP2 pin
is configurable to function as one of the following:

+ ageneral purpose /0

* an anailog input for the A/D (PIC12F675 only)

« the clock input for TMRO

+ an external edge triggered interrupt

+ adigital output from the comparator

FIGURE 3-2: BLOCK DIAGRAM OF GP2

334 GP3/MCLR/NVPP

Figure 3-3 shows the diagram for this pin. The GP3 pin
is configurable to function as one of the following:

» ageneral purpose input

» as Master Clear Reset

FIGURE 3-3: BLOCK DIAGRAM OF GP3

Analog
Data Bus a Input Mode

VoD

1O pin

TRISIO

RD 'ﬂ

PORT |

TRISIOT T ~_ Vss
Analog
RD Input Mode 6

Q D {IE

RD PORT——

Interrupt-on-Change

To TMRO

To INT
To A/D Converter

Data Bus MCLRE
RESET —.: . /0 pin
RD Jﬂ_‘ Vss
TRISIQ
. ,ﬂi MCLRE vss

PORT |
D Q
WR | t1e °
10C
EN4
RD
10C Q D
EN
Interrupt-on-Change
RD PORT——
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PIC12F629/675

3.35 GP4/AN3/T1G/OSC2/CLKOUT

Figure 3-4 shows the diagram for this pin. The GP4 pin
is configurable to function as one of the following:

+ ageneral purpose /O

+ an analog input for the A/D (PIC12F675 only)

« a TMR1 gate input

+ a crystal/resonator connection

+ a clock output

3.36 GPS5/T1CKI/OSC1/CLKIN

Figure 3-5 shows the diagram for this pin. The GP5 pin
is configurable to function as one of the following:

* ageneral purpose /O

* a TMR1 clock input

= a crystal/resonator connection

+ aclock input

FIGURE 3-5: BLOCK DIAGRAM OF GP5

FIGURE 3-4: " BLOCK DIAGRAM OF GP4
Analog
Input Mode
Data Bus Modes!"!

WR [LCK =
wey [P Q L—c}d
RD { GPPU
wWeu Oscillator |_¢
Circuit
0SC1
CLKOUT voo
Enable
¢{D Q 1
WR | CK = 110 pin
porT TP~ @
Enable
Vvss
D Q
INTOSE‘
WR cK =| . RC/EC
TRISIOTP . @
CLKOUT
RD 4 Enable
TRISIO Analog a
Input Mode
RD _'j
PORT J /
4 Q
WR *—Q DI+
10C
EN:
RD
10C Q pH
Interrupt-on-Change -
. RD PORT—
To TMR1 T1G
___To A/D Converter

Note 1: CLK modes are XT, HS, LP, LFTMR1 and CLKOUT
Enable.

2: With CLKOUT option.

INTOSC
Mode

T 11}
Data Bus MR1LPEN
D Q L—‘ Voo
WR I LCK g |—3>—o| l:—I\:‘Veak
weu TP @
RD GPPU

WPU
Oscillator
Circuit

0s62
D Q Voo
WR | L CK =
porT TP~ @ l

D Q

1/Q pin

WR oK =

TRISIOT P = Q—*
RD ﬂj

L
TRISIO

RD _]
PORT

D QF—

WR {3 CK &
ioc TP @

RD
10C

Interrupt-on-Change I Ej -

RD PORT ——

To TMR1 or CLKGEN

Note 1. Timer1 LP Oscillator enabled

2: When using Timer1 with LP oscillater, the Schmitt
Trigger is by-passed.
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PIC12F629/675

TABLE 3-1:  SUMMARY OF REGISTERS ASSOCIATED WITH GPIO

Value on: | Valueonall

Address Name Bit7 Bit6 Bit 5 Bit4 Bit3 Bit2 Bit 1 Bit0 POR, other
BOD RESETS

05h GPIO - o GP5 GP4 GP3 GP2 GP1 GPO S XMEX | - -uw uwg
0BR/8Bh | INTCON GE | PElE | TOE INTE | GPIE | TOF | INTF | GPIF | ocooe 0000 | 0000 eoou
1Sh CMCON _— CouTt - CINV | -CIS CM2 CM1 CMo -0-0 0000 -0-0 0000
81h OPTION_REG | GPPU | INTEDG | TOCS TOSE PSA PS2 PS1 PS0 1111 1111 | 1111 1111
85h TRISIO — — TRISIOS | TRISIOA | TRISIO3 | TRISIO2 | TRISION | TRISIOD | --11 1111 | --11 1111
95h WPy — —_ WPUS | WPU4 — WPU2 | WPU1 | WPUD | --11 -~111 | --11 -111
96h 10C - —_ 10C5 10C4 10C3 10C2 10C1 10C0 --00 0000 --00 0000
9Fh ANSEL —_ ADCS2 | ADCSt | ADCSO | ANS3 ANS2 ANS1 ANSO -000 1111 | -000 1111

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0’. Shaded cells are not used by GPIO.

© 2007 Microchip Technology Inc. DS41190E-page 25
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NOTES:
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MICROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH 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

Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x B 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 osciliator options

Low power, high speed CMOS FLASH/EEPROM
technology

Fully static design

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

Single 5V [n-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
MCLRver — [ 1 _/ 40 [] =—= RB7/PGD
RAG/ANO w—e[] 2 39 [J «—» RB&/PGC
RAY/AN1 <— [ 3 38 [ 1 «— RB5
RA2/AN2/VREF- w—e-[] 4 37 [] «— RB4
RAJANIVREF+ +—a[] 5 36 [] «+—= RB3IPGM
RA4TOCK! w—[] 6 35 [] -+—= RB2
RAS/ANA/SS -1 7 - ¥ [ +—» RB1
REO/RDIANS <+—=[] 8 ~ 33 [] ~«—= RBO/INT
RE1/WR/ANS <-—[] o R 0 e— v
REZTE/ANT =—w[]10  bo 31|« vss
VoD — [ 11 E 30 [1 «—» RD7/PSPT
Vss ]2 @  29[] +—+ RDEPSPS
OSCUCLKIN —= [ 13 6 28 | ] «—» RDSPSPS
OSC2CLKOUT w——[] 14 E 27 [] +— RD4/PSP4
RCOT10SOMCK «—e-[] 15 26 [ «—s RCT/RX/DT
RC1T10SI/CCP2 «—[] 16 25 [[] «—= RCBITX/ICK
RC2/CCP1 w—e[] 17 24 [] +— RC5/SDO
RC¥SCK/ISCL <—[] 18 23 [] «— RC4/SDUSDA
RDWPSPO -—[] 19 22 ] =—» RD3/PSP3
RD1/PSP1 -—-[] 20 21 [] =—» RD2/PSP2

Peripheral Features:

Timer0Q: 8-bit timer/counter with 8-bit prescaler
Timer1: 16-bit timer/counter with prescaler,

can be incremented during SLEEP via external
crystaliclock

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. resclution 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) B-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

MCLR/VPP— L|°
RAO/AND = L]
RA1/ANT *+—>

RA2/AN2/VREF- +—*
RA3/AN3VREF+ =+ []
RA4TOCK] =[]

RAS/AN4/SS
vss— [
oscicLKiN— T
0SC2/CLKOUT -— [
RCOT10SOM1CKI =[] 11
RC1/T108lICCP2 =[] 12
RC2ICCP1 =[] 13
RC3/SCK/SCL =[] 14

XN RN

-
o

(

] <— RB7/PGD
| | = RB6/PGC

[] =— RB3/PGM

] = RBO/NT

PIC16F876/873

| == RC7T/RX/DT
[ ] =— RC6TX/CK
] =— RC&SDO

[] =— RC4/SDI/SDA

QFP

6 ) RAVANINREF+

5 [J—= RA2/AN2/VREF-
4 []=—= RAT/AN1

3
PIC16F877 35
PIC16F874 33

RCO/T10SO/T1CK1
NC

8

RC4/SDI/'SDA
RC2/CCP1 =-—»[]19

RC3/SCK/SCL =20
RDO/PSPO ~—[]24
RD1/PSP1 -—[]22
RD2/PSP2 =—=[j23
RD3/PSP3 w—w[]24

RC4/SDISDA <+—=[]25

NC
RCAT10OSHCCP2 -—111

43 [I1J«+— RC5/SDO

Qi hre—e RCBAXICK
2 e

-y

RC7/RX/DT =
RD4/PSP4 =
RD5/PSP5 =
RDE/PSP6 =
RD7/PSPT =
Vss — ™

Voo —*
RBOJINT =™
RB{ =+

RB2 =—
RB3/PGM -+

— 2 OBNDOMAWN

-0

A1 IT+—= RD3/PSP3

40 [IT J-+—» RD2/PSP2

35 I J«— RC1/T10SI/CCP2
M4 ’:D:l

39 pr 3~ RD1/PSP1
38 (T J=—= RDO/PSPO

37 AO=— RC3/SCK/SCL
36 I J=— RC2/CCP1

RCO/T10SO/T1CKI

PICA6F877
PIC16F874

cTd12
i3

NC
NC

RB4 -+— 1114

RBS =—= [IT]15

RB6&/PGC ~=— 1118

RA1/ANT =~— CTT2g

RAQO/ANO <— (CIT]19
RAZ/AN2/VREF- ~=—= [IT]21

RB7/PGD w— C11]17
MCLR/NVPP — [IT]18
RAJ/AN3/VREF+—s CIT]22

RB3IPGM
RB2

RB1
RBO/INT
Voo

Vss
RD7/PSP7
RD6/PSP6
RD5/PSP5
RD4/PSP4
RC7RX/DT

SSRSTRRRLY!

RC5/SDO ~—=[25
NC

RCB/TX/CK «—»[]27
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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)
FLASH Program Memo
(14-bi?words) i 4K 4K 8K 8K
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
11O Ports Ports A,B,C Poris 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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TO_ OUR VALUED CUSTOMERS

It is our intention to provide our vafued c istomers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publlcatmns to better suit your needs. Qur publlcatlons will be refined and
enhanced as new volumes and updates are introduced.
: if you have any.questions or comments regarding this publication, pleagse.contact the Marketing Communications Deparlment via
[ E-mail at docerrors@mail.microchip.com cr fax the Reader Reaponse 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 regnster at our Worldwide Web site at:
htip://www.microchip.com

":You can determine the version of a data sheet by examining its Inerature number found on the bottomn outside comer 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 operationa! differences from the data sheet and recommended workarounds, may exist for current
.devices. As device/documentation issues became known to us, we will publish an-emrata sheet. The errata will specify the revision.
_Eo_f 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 foliowing:

* Microchip's Worldwide Web site; hitp:/fwww.microchip.com

« Your local Microchip sales office {see iast page)

» The Microchip Comporate Literature Center; U.S. FAX: {480) 792-7277

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

Customer Notification. System
Register on our web site at www.micrechip.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 PORTA
Program Counter 7 RAO/ANO
FLASH 4 RA1/AN1
Program | RA2/AN2/VREF-
Meamory RAM i 4—X] RA3/AN3VREF+
8 Level Stack File
Y h | RA4/TOCKI
(13-bit) Registers H RAS/AN/SS
Prograrm
Bus ? RAM Addrt™ 17 9 FORTE
H RBO/INT
| Instruction reg 4 RB1
¥ RB2
H Direct Addr 7 4 RB3/PGM
7 a RB4
4 RB5
4 RB6&/PGC
M RB7/PGD
8
PORTC
N RCOT10S0/TICKI
Power-up = RC1/T10SI/CCP2
i Timer ¢ RC2/CCP1
) i Oscillator [ RC3/SCK/SCL
33233202 Start-up Timer 4 RC4/SDI/SDA
Control Power-on » RCS&/SDO
Reset 5 RCB6/TX/CK
. RC7/RX/OT
Timing Watchdog M
|ZK}#> Generation = Timer Wreg
OSC1/CLKIN Brown-out
0SC2/CLKOUT Reset
In-Circuit
Debugger
Low Voltage
Programming
MCLR VDD, Vss
Timer0 Timer1 Timer2 10-bit AD
Synchronous
Data EEPROM CCP1,2 Serial Port USART
Note 1: Higher order bits are from the STATUS ragister.

® 2001 Microchip Technology inc.
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PIC16F87X

FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
" Program Data
Device FLASH Data Memory EEPROM
PIC16F874 4K 192 Bytes 128 Bytes
PIC16F877 8K 368 Bytes 256 Bytes
13 Data Bus 8 PORTA
FLASH [ Program Counter @ 7 4 RAG/ANO
4 RA1/AN1
Mo " 3 RAZ/AN2/VREF-
RA 1 45 Ra3/ANaVREF+
8 Level Stack File
(13-bit) Registers ) RA4/TOCKI_
s - RAS/AN4/SS
Program ., PORTB
Bus
RBO/INT
Instruction reg RB1
- —— RB2
H Direct Addr 7 4—=X] RB3/PGM
l4+—={ RB4
M—= <] RB5
= RB&/PGC
STATUS reg | RB7/PGD
= PORTC
¢ RCO/T10SO/T1CKI
Power-up 3 3 RC1/T10SI/CCP2
AV Timer w RC2/CCP1
Instruction Osciliator ] RCY/SCK/SCL
Decode & <= | Start-up Timer ALU - RC4/SDI/SDA
Control » RC5/SDO
Power-on 8 » RCE&/TYX/CK
: wRe:et 4 RC7/RX/DT
iming atchdog
®<,L:> Generation < Timer m PORTD
OSC1/CLKIN Brown-out = RDO/PSPO
0SC2/ICLKOUT Resat b RD1PSP
In-Circuit » RD2/PSP2
Debugger n RD3/PSP3
Low-Voltage [t RD4/PSP4
Programming Parallel Slave Port| I RD5/PSP5
-t RD&/PSP6
RD7/PSP7
PORTE
MCLR VoD, Vss =[] REWANSRD
> 4+—=<] RE1/ANEWR
4—=<] RE2/AN7ICS
Timer0 Timer1 Timer2 10-bit A/D
L it it it
JL
Synchronous
Data EEPROM CCPt,2 Serial Port USART
Note 1: Higher order bits are from the STATUS register.

DS30292C-page 6
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PIC16F87X

TABLE 1-1: PIC16F873 AND PIC16F876 PINOUT DESCRIPTION
. DIP SOIC lo/p Buffer .
Pin Name Pink Pingt Type Type Description
OSC1/CLKIN 9 9 [ ST/IcMOS® | Oscillator crystal input/external lock source input.
QSC2/CLKOUT 10 10 0 — Oscillator crystal output. Connects to crystal or rescnator 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.
MCLRNPP 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 /O port.
RAO/ANQ 2 2 110 TTL RAO can also be analog input0.
RA1/AN1 3 3 lle] TTL RA1 can also be analog input1.
RA2/AN2/VREF- 4 4 1o TTL RAZ2 can also be analog input? or negative analog
reference voltage.
RA3/AN3/VREF + 5 5 1o TTL RA3 can aiso be analog input3 or positive analog
reference voltage.
RA4/TOCKI 3] 6 [[1e] ST RA4 can also be the ciock input to the TimerQ
moduie. Output is open drain type.
RAS5/SS/AN4 7 7 1o TTL RAS can also be analog input4 or the slave select
for the synchronous serial port.
PORTB is a bi-directional /0 port. PORTB can be software
. programmed for intemal weak pull-up on all inputs.
RBO/INT 21 21 1o TTUSTY RBO can also be the external interrupt pin.
RB1 22 22 o TTL
RB2 23 23 /O TTL
RB3/PGM 24 24 [I{e] TTL RB3 can also be the low voltage programming input.
RB4 25 25 o TTL Interrupt-on-change pin.
RBS 26 26 o TTL Interrupt-on-change pin.
RB6/PGC 27 27 o TTUST? Interrupt-on-change pin or In-Circuit Debugger pin. Serial
programming clock.
RB7/PGD 28 28 110 TTUST® Interrupt-cn-change pin or In-Circuit Debugger pin. Serial
programming data.
PORTC is a bi-directional I/O port.
RCOM1OSO/T1CKI 1" 11 10 ST RCO can also be the Timer1 oscillator output or Timer1
clock input.
RC1/T108I/ICCP2 12 12 lle] ST RC1 can also be the Timer1 oscillater input or Capture2
input/‘Compare2 output/PWM2 output.
RC2/CCP1 13 13 le] ST RC2 can also be the Capture1 input/‘Compare1 output/
PWM1 output.
RC3/SCK/SCL 14 14 11O ST RC3 can also be the synchronous serial clock input/output
for both SPI and 12C modes.
RC4/SDI/SDA 15 15 o ST RCA4 can also be the SPI Data In (SPI mode) or
data 1/0 (12C mode).
RC5/SDO 16 16 1o ST RCS5 can also be the SPI Data Out (SPI mode).
RCB/TX/CK 17 17 110 ST RC6 can also be the USART Asynchronous Transmit or
Synchronous Clock.
RC7/RX/DT 18 18 18] ST RC7 can also be the USART Asynchronous Receive or
Synchronous Data.
Vss 8,19 8,19 P — Ground reference for logic and /O pins.
VDD 20 20 P — Positive supply for logic and I/O pins,
Legend: | = input O = output IfO = 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.
3J: 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 | HOIP Buffer .
Pin Name Pin#t Pind Pink | Type Type Description
QOSC1/CLKIN 13 14 30 t ST/ICMOSH | Oscillator crystal inpuliexternal clock source input.
QSC2/CLKQUT 14 15 31 Q — 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 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 /O port.
RAO/ANO 2 3 19 le] TTL RAOD can also be analog input0.
RA1/AN1 3 4 20 o TTL RA1 can also be analog input1.
RA2/AN2/VREF- 4 5 21 o TTL RAZ can also be analog input2 or negative
analog reference voltage.
RAJ/AN3/VREF+ 5 6 22 f[e] TTL RA3 can also be analog input3 or positive
anaiog reference voltage.
RA4/TOCKI 6 7 23 f[e} ST RA4 can also be the clock input to the Timer0 timer/
counter. Qutput is open drain type.
RAS5/SS/AN4 7 8 24 o TTL RAS5 can also be analog input4 or the slave select for
the synchronous serial port.
PORTB is a bidirectional /O port. PORTB can be soft-
ware programmed for internal weak pull-up on all inputs.
RBO/INT 33 36 8 1o TTUSTY RBO can also be the extemal interrupt pin.
RB1 34 37 9 110 TTL
RB2 35 38 10 110 TTL
RB3/PGM 36 39 11 110 TTL RB3 can also be the low voltage programming input.
RB4 37 41 14 110 TTL Interrupt-on-change pin.
RBS 38 42 15 1o TTL Interrupt-on-change pin.
RB6/PGC 39 43 16 110 TTUST) Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming clock.
RB7/PGD 40 44 17 1o TTUSTR) Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming data.
Legend: |=input O = output IO = 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 genera! purpose I/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 osciliator 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 | VO/P Buffer L
D ti
Pin Name Pin# | Pin% | Pin# | Type Type escription
PORTC is a bi-directional I/O port.
RCO/T1OSO/T1CKI| 15 16 32 1710 ST RCDO can also be the Timer1 oscillator output or a
Timer1 clock input.
RC1/T10SI/CCP2 16 18 35 110 ST RC1 can alsc be the Timer1 osciliator input or
Capture2 input/Compare2 output/PWM2 output.
RC2/CCP1 17 19 36 /0 ST RC2 can also be the Capturet input/Compare1
output/PWM1 output.
RC3/SCK/SCL 18 20 37 1710 ST RC3 can also be the synchroncus serial clock input/
output for both SP1 and 12C modes.
RC4/SDI/SDA 23 25 42 [I[e] ST RC4 can also be the SPi Data In {SPI mode) or
data /O (12C mode).
RC5/S00 24 26 43 /10 ST RC5 can also be the SP| Data Out {SPI mode).
RCG/TX/CK 25 27 44 1/0 ST RC6 can also be the USART Asynchronous Transmit
or Synchronous Clock.
RC7/RX/DT 26 29 1 /0 ST RC7 can also be the USART Asynchronous Receive
or Synchronous Data.
PORTD is a bi-directional /O port or parallel slave port
when interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 o] sTATL®
RD1/PSP1 20 22 39 o] sTATL®)
RD2/PSP2 21 23 40 o] sTTL®
RD3/PSP3 22 24 41 1o sTATL®
RD4/PSP4 27 30 2 10 STTTL®
RD5/PSP5 28 31 3 1o st ®
RD6/PSPS 29 32 4 lle} sTATL®
RD7/PSP7 30 33 5 1o STATLY
‘| PORTE is a bi-directional /O port,
REQ/RD/ANS 8 9 25 o] sTATL®) REOQ can also be read conlrol for the parallel slave
port, or analog input5.
RE1/WR/AN6 9 10 26 o) sSTTTL® RE1 can also be write control for the parallel slave
port, or analog input6.
RE2/CS/AN7 10 1 27 Vo STATLE) REZ can also be select control for the parallel slave
port, or analog input7.
Vss 12,31 13,34 6,29 P — Ground reference for logic and I/O pins.
VbbD 11,32 | 12,35 7,28 P — Positive supply for logic and I/O pins.
NC — 11,17,28, | 12,13, — These pins are not internally connected. These pins
40 33,34 should be left unconnected.
Legend: |=input O = output 110 = 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 /O and a TTL input when used in the Paraliel
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 CMCS input otherwise.

© 2001 Microchip Technology Inc.
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NOTES:
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PIC16F87X

20 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 7"
Stack Level 1
Stack Level 2
[ )
[ )
L]
Stack Level 8
RESET Vector 0000h
-
- b
L ]
Interrupt Vector 0004h
0005h
Page 0
07FFh
0800h
Page 1
Cn-Chip
< OFFFh
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
tocation 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> I
CALL, RETURN 13
RETFIE, RETLW 7
Stack Level 1
Stack Level 2
L ]
»
L]
Stack Level 8
RESET Vector 0000h
-
- Q:
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

22 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 RP0 (STATUS<5>) are the bank select bits.

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 cne bank may be mirrored in
another bank for code reduction and quicker access.

Note: EEPRCM Data Memory description can be

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

found in Section 4.0 of this data sheet.

2.2.1 GENERAL PURPOSE REGISTER
FILE

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

DS$30292C-page 12
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PIC16F87X

FIGURE 2-3:

PIC16F877/876 REGISTER FILE MAP

File
Address

indirect addr.t) | ooh
TMRO 01h
PCL 02h
STATUS 03h
FSR 04h
PORTA 05h
PORTB 06h
PORTC 07h
PORTD() | 08h
PORTE(" | 09h
PCLATH 0Ah
INTCON 0Bh
PIR1 0Ch
PIR2 0Dh
TMRI1L 0Eh
TMR1H OFh
T1CON 10h
TMR2 11h
T2CON 12h
SSPBUF 13h
SSPCON 14h
CCPRIL 15h
CCPR1H 16h
CCP1CON | 17h
RCSTA 18h
TXREG 19h
RCREG 1Ah
CCPR2L 1Bh
CCPR2H 1Ch
CCP2CON | 1Dh
ADRESH 1Eh
ADCONO 1Fh
20h

General

Purpose

Register

96 Bytes
7Fh

Bank 0

File
Address
Indirect addr.t) 80h
OPTION_REG | 81h
PCL 82h
STATUS 83h
FSR 84h
TRISA 85h
TRISB 86h
TRISC 87h
TRISD(" | 88h
TRISE!Y | 89h
PCLATH 8Ah
INTCON 8Bh
PIE1 8Ch
PIE2 8Dh
PCON 8Eh
8Fh
90h
SSPCON2 | 91h
PR2 92h
SSPADD 93h
SSPSTAT 94h
95h
96h
97h
TXSTA 98h
SPBRG 9%h
9Ah
9Bh
9Ch
9Dh
ADRESL 9Eh
ADCON1 9Fh
AQh
General
Purpose
Register
80 Bytes EFh
accesses FOh
70h-7Fh
FFh
Bank 1

File
Address
Indirect addr.{? | 100h
TMRO 101h
PCL 102h
STATUS 103h
FSR 104h
105h
PORTB 106h
107h
108h
109h
PCLATH 10Ah
INTCON 10Bh
EEDATA 10Ch
EEADR 10Dh
EEDATH | 10Eh
EEADRH 10Fh
110h
111h
112h
113h
114h
115h
116h
General 117h
Regiter | 1180
16 Bytes 11%h
11Ah
11Bh
11Ch
11Dh
11Eh
11Fh
120h
General
Purpose
Register
80 Bytes
16Fh
accesses 170h
70h-7Fh
17Fh
Bank 2

[ 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.

File
Address
Indirect addr.?| 1sgn
OPTION_REG| 181h
PCL 182h
STATUS 183h
FSR 184h
185h
TRISB 186h
187h
188h
189h
PCLATH 18Ah
INTCON 18Bh
EECON1 18Ch
EECON2 18Dh
Reserved® | 18Eh
Reserved® | 18Fh
190h
191h
192h
193h
194h
195h
196h
Somems | tomn
Register | 198h
16 Bytes 199h
19Ah
19Bh
19Ch
19Dh
19Eh
19Fh
1A0h
General
Purpose
Register
80 Bytes 1EFh
accesses 1FOh
70h - 7Fh
1FFh
Bank 3

© 2001 Microchip Technology Inc.
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PIC16F87X

FIGURE 24: PIC16F874/873 REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr.t") | ooh Indirect addr.? | gon Indirect addr.t?{ 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{" | 08h TRISD | 88h 108h 188h
PORTE! | 09h TRISE | 8gh 108h | 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
T2CON 12h PR2 92h
SSFBUF 13h SSPADD 93h
SSPCON 14h SSPSTAT 94h
CCPR1L 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
';:fﬁ?ose Purpose accesses accesses
gister Register 20h-7Fh ACh - FFh
96 Bytes 96 Bytes 16Fh 1EFh
170h 1FOh
7Fh FFh 17Fh 1FFh
Bank 0 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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PIC16F87X

2.2.2

SPECIAL FUNCTION REGISTERS

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

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 BitT Bit 6 Bit 5 Bit 4 Bit3 Bit 2 Bit1 Bito POR, an
BOR page:
Bank 0
0On! INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 27
01h TMRO TimerQ Module Register XXX XXXX 47
02ntY PCL Program Counter (PC) Least Significant Byte 0000 0000 26
o3 | sTATUS mp_ | rRrt | mrro | TO | PD z | oc | ¢ |ooor 1xx| 18
04h®3 FSR Indirect Data Memory Address Pointer xxxx ok | 27
05h PORTA - ] — ! PQORTA Data Latch when written: PORTA pins when read --0x 0000 29
Q6h PORTB PORTB Data Latch when written: PORTB pins when read XXXX XKXX 31
07h PORTC PORTC Data Latch when written: PORTC pins when read XANK KXKX 33
08h'4) PORTD PORTD Data Latch when written: PORTD pins when read xxxx xxxx| 35
09n®  [PoRTE — — — - — RE2 | RE1 | RED |---- —xxx| 36
0ah13) [ pCLATH - el o Write Buffer for the upper 5 bits of the Program Counter ---0 0000| 26
oBh{3 INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF |oo000 ocoox| 20
0Ch PIR1 PSPIF® | ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF | 0000 0000} 22
0Dh PIR2 — (5) — EEIF BCLIF - — CCP2IF | -r-0 0--0| 24
OEh TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 Register RXXX XXHX 52
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX 52
10h T1CON — | = {T1ckps1 ] T1ckPso [ T105cEN| T1SYNC | TMR1CS | TMR1ON [ --00 oooo| 51
11h TMR2 Timer2 Module Register 0000 €0CO 55
12h T2CON — | TouTrss ] Toutes2 [ TouTPst | Touteso | TMRzoN | T2ckPst [ T2ckPso | <000 ooao| 55
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register xoex xoexx | 70,73
14h SSPGON weoL | sspov | SSPEN | ckp | SsPM3 | ssPM2 | SSPM1 | SSPMO | 0ooo oooo| 67
15h CCPRIL Capture/Compare/PWM Register1 (LSB) xxxx xxxx| 57
16h CCPR1H Capture/Compare/PWM Register1 (MSB) XXXX XXXX 57
17h CCP1CON - - CCP1X | CCP1Y | CCPIM3 | CCP1M2 | CCP1M?1 | CCPIMO | --00 cooo| 58
18h RCSTA SPEN RX9 SREN CREN ADDEN FERR QERR RX9D |o0000 ooox| 96
19h TXREG USART Transmit Data Register 0600 0006 99
1Ah RCREG USART Receive Data Register 0ooo oooo| 101
1Bh CCPR2L Capture/Compare/PWM Register2 (LSB) XXXX XXXKX 57
1Ch CCPR2H Capture/Compare/PWM Register? (MSB) XXKX XXXX 57
1Dh CCP2CON — 1 =] copax | ccray | ccpema | ccpemz [ cocpami [ coPaMo |- oo oooo| 58
1Eh ADRESH A/D Result Register High Byte xxxx xxxx| 116
1Fh ADCONO ADcst | apcso | cHs2 | cHst | cHso | GODONE| — | ADON |oooo oo-o| 111
Legend:  x =unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as ‘0", r = reserved.

Note 1:

nhawn

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 devicas; 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 Bit7 Bit 6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 POR, on

BOR page:

Bank 1

80h3 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 | Ps2 | Pst | PsO  |1111 1111 19
g2nt¥ PCL Program Counter (PC) Least Significant Byte 0000 0000 | 26
83n® | sTATUS mp | rRp1 | reo | TB | BP0 | z ] pc | ¢ looor 1xxx| 18
84hf3) FSR indirect Data Memory Address Pointer o ooxx |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
88ht4 TRISD PORTD Data Direction Register 1111 1111 35
8oh4! TRISE IBF OBF BOV |PSPMODE| '~ | PORTE Data Direction Bits o000 -111| 37
8Ah(Y3) | PCLATH — i Write Buffer for the upper 5 bits of the Program Counter ---0 0000| 26
8Bh®  [INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | oooo ocox| 20
8Ch PIE1 PSPIE? | ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE | o000 oooo| 21
8Dh PIE2 — (5) — EEIE BCLIE . — CCP2IE [-r-0 0--0] 23
8Eh PCON — — — — — — POR BOR |---- -- qq] 25
B8Fh —_ Unimplemented K : —— e
Boh - Unimplemeanted - -
91h SSPCON2 GCEN | AacksTaT| ackoT | ackeN | rcen | PEN | RseN | SEN  [oooo ooco| 68
92h PR2 Timer2 Period Register 1111 1111 55

93h SSPADD Synchronous Serial Port (I2C mode) Address Register 0000 0000 | 73,74
84h SSPSTAT sMp | cke | oA [ P | s | mrw | wa | BF Joooo ocoe| 66
95h — Unimplemented — —
96h —_ U'n'{'mplemsnted —_ —_
97h — Urimplemented — —
98h TXSTA csRe | TX9 | TXEN SYNC — BRGH TRMT TX9D |ocoo -010]| 95
99h SPBRG Baud Rate Generator Register 0000 0000 87
9Ah — Unimplemented — —
98h — Unimplemented e —
aCh —— Unimplemented — —
90h — Unimplemented — —
9Eh ADRESL AJD Result Register Low Byte AKX XHKX 116
9Fh ADCON1 aorm [ — T — = PCFG3 PCFG2 { PCFGt | PCFGO |o--- oooo | 112

Legend: x =unknown, u = unchanged, q = 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 transfermed 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.

DS30292C-page 16

© 2001 Microchip Technology Inc.




PIC16F87X

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Value on: | Defails
Address Name Bit 7 Bit6 Bit 5 Bit 4 Bit3 Bit 2 Bit1 Bit o POR, on
BOR page:
Bank 2
100ht3 INDF Addressing this location uses contents of FSR to address data memory {not a physical register) 0000 0000 27
101h TMRO TimerD) Module Register XXX XKHK 47
102h3 | PGL Program Counter's (PC) Least Significant Byte 0000 0000| 26
103h® | sTATUS mp | Rt | RPO | T [ PD z | oc | ¢ Jooo1 wxxx| 18
104h® | FSR Indirect Data Memory Address Pointer xoxxx xxxx| 27
105h — Unimplemented - — —
106h PORTB PORTB Data Latch when written: PORTB pins when read XXX XXXX 3
107h — Unimplemented — e
108h — Unimplemented - -
109h — Unimplemented — -
10AR{!") | PCLATH — = — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 26
10Bn® | INTCON GIE PEIE TOIE INTE | RBIE | TOFF INTF RBIF _ {oo00 coox| 20
10Ch EEDATA EEPROM Data Register Low Byte KXXK XXXX 41
10Dh EEADR EEPROM Address Register Low Byte XKXX XXXX 41
10Eh EEDATH = — EEPROM Data Register High Byte XXXX XXXX 41
10Fh EEADRH - - — [ EEPROM Address Reqister High Byte AXKK KXKX 41
Bank 3
180h{¥ 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 | pPs2 | pst | pso [1112 1m11] 19
182h | pCL Program Counter (PC) Least Significant Byte 0000 0000| 26
1830 | sTATUS wp_ | ret | rReo | 0 | P ] z ] bc | ¢ |ooor 1xxx| 18
184h) | FSR Indirect Data Memory Address Pointer o xoo | 27
185h o Unimplemented — —_
186h TRISB PORTB Data Direction Register 1111 1111 3
187h — Unimplementad — —
188h — Unimplamented — -
189h — Unimplermented - — —
18An(M3) | PCLATH - - - Write Buffer for the upper 5 bits of the Program Gounter ---0 0000| 26
188n1% | INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 ogox| 20
18Ch EECON1 EEPGD B = —_ —_ WRERR WREN WR RD x--- x000| 41,42
18Dh EECON2 EEPROM Control Register2 (not a physicalregistey |- - 41
18Eh _ Reserved maintain clear e 0000 0000 | —
18Fh — Reserved maintain clear - 0000 oooo [ —
Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as '0", r = reserved.

Note 1:

N

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<E> 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 o 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.

REGISTER 2-1:

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.”

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.

Note:

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
| R | Rrt | RO | TO | PD | z | DC 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 (00h - FFh)
bit 6-5 RP1:RP0: 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 = AWDT 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 cary-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:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

Note:

OPTION_REG REGISTER (ADDRESS 81h, 181h)

RW-1  RW-1_ RW-A RW- RW-1 RW-1  RW-1  RMW-1
| RBPU | INTEDG | Tocs | TosE | psa | ps2 | pPst [ Pso
bit 7 bit 0

RBPU: PORTB Pull-up Enabie bit

1 = PORTB pull-ups are disabled

0 = PORTB pull-ups are enabled by individual port latch values
INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin

0 = Interrupt on falling edge of RBO/INT pin

TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)

TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA4/TQCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin
PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT

0 = Prescaler is assigned to the Timer0) module
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" = Bitis set '0" = Bit is cleared x = Bit is unknown

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. DS30292C-page 19
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2223 INTCON Register

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.

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
RBY/INT pin interrupts.

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

RW-0 RW-0 RW-0 RW-0 RW-0  RW-0 RWO0  RWx
GE | PEIE | ToE | INTE | RBE | TOF | INTF | RBF
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 RBU/INT external interrupt occurred (must be cleared in software}
0 = The RBU/INT external interrupt did not occur
bit O 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 24: PIE1 REGISTER (ADDRESS 8Ch)

RW-0  RW-0  RW-0  RW-0 RAW-0 RW-0 RWO  RW-O
| PsPEM | ADIE | RCIE | TXIE | SSPIE [ CCP1IE | TMR2IE | TMRIIE
bit 7 bit 0
bit 7 PSPIE™): Parallel Slave Port Read/Write Interrupt Enable bit

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

bit 6 ADIE: A/D Converter Interrupt Enable bit
1 = Enables the A/D converter interrupt
0 = Disables the A/D converter interrupt
bit & RCIE: USART Receive Interrupt Enable bit
1 = Enables the USART receive interrupt
0 = Disables the USART receive interrupt
bit 4 TXIE: USART Transmit Interrupt Enable bit

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

bit 3 SSPIE: Synchronous Serial Port Interrupt Enable bit

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

bit 2 CCP1IE: CCP1 Interrupt Enable bit

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

bit 1 TMR2IE: TMR2 to PR2 Match interrupt Enable bit

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

bit 0 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 = Unimpiemented bit, read as ‘0’
- n = Value at POR 1" = Bit is set ‘0" = Bit is cleared x = Bit is unknown
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2225 PIR1 Register Note:  Interrupt flag bits are set when an interrupt
The PIR1 register contains the individual flag bits for condition occurs, regardiess 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)

RWO RWO RO R-0 RWO RWO  RW-0  RW-0
[PsPiF | aDF | RCIF | TXIF | SSPIF | cCP1F | TMR2IF | TMRI1IF
bit 7 bit 0
bit 7 PSPIF(): 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 Fiag 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 TMR1 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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2226 P!E2 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:

bit 7
bit 6
bit 5
bit 4

bit 3

bit 2-1
bit 0

PIE2 REGISTER (ADDRESS 8Dh)

u-0 RW-0 U0  RWO RIW-0 u-0 UO  RWO
— |Reserved| — | EEIE | BCLE — — | ccpzE
bit 7 bit 0

Unimplemented: Read as '0'
Reserved: Always maintain this bit clear
Unimplemented: Read as '0"

EEIE: EEPROM Write Operation Interrupt Enable

1 = Enable EE Write Interrupt
0 = Disable EE Write Interrupt
BCLIE: Bus Collision Interrupt Enable

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

Unimplemented: Read as ‘0"
CCP2IE: CCP2 Interrupt Enable bit

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

Legend:
R = Readable bit W = Writable bit
-n = Value at POR "1’ = Bit is set

U = Unimplemented bit, read as '0’

'0’ = Bit is cleared

x = Bit is unknown

© 2001 Microchip Technology Inc.
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2227 PIR2 Register

The PIR2 register contains the flag bits for the CCP2 Note: Interrupt flag bits are set when an interrupt

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

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)
UO  RW-0 U0  RW-D RW-0 U-0 U0 RW-0
— |Reseved| — | EEF | BCLF — — | ccpaF
bit 7 bit 0

Unimplemented: Read as'(’

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 TMR1 register capture occurred

Compare mode:

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

PWM mode:

Unused

Legend:
R = Readable bit W = Wiritable bit U = Unimplemented bit, read as '0’
-n =Value at POR "1’ = Bitis set '0’ = Bit is cleared % = Bit is unknown
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2228 PCON Register

Note: BOR isunknown 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 1o ses 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). S
REGISTER 2-8: PCON REGISTER (ADDRESS 8Eh)
u-0 u-0 u-0 u-0 u-¢ u-0 R/W-0 R/W-1
- 7 - | - ] - ] — — POR 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 W = Writable bit
-n = Value at POR 1" = Bit is set

U = Unimplemented bit, read as ‘0’
'0" = Bit is cleared X = Bit is unknown

© 2001 Microchip Technology Inc.
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23 PCL and PCLATH

The pregram 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 PCIN

DIFFERENT SITUATIONS
PCH PCL
12 8 7 ©  Instruction with
| ' | PCLas
Eubas
@ PCLATH<4:0> ﬁ 8
5 ALU
LII T
PCLATH
PCH PCL
12 110 8 7 0
PC | | i | oro,earL

2 E PCLATH<4:3>
HEEEERER

PCLATH

|
g Opcode <10:0>

231 COMPUTED GOTO

A computed GOTC 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"
(ANS56).

232 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
SO on).

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

2: There are no- instructions/mnemoenics
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 GOTC instruction,
the upper 2 bits of the address are provided by
PCLATH<4:3>. When doing a CALL or GOTC 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
(or interrupt) 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_P1 ;Call subroutine in
: ;page 1 (800h-FFFh)
ORG 0x300 ipage 1 (BOOh-FFFh)
SUB1_P1

;called subroutine

;page 1 (BOOh-FFFh)

RETURN jreturn to
;Call subroutine
7in page 0
; (000h-7FFh)
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2.5 Indirect Addressing, INDF and A simple program to clear RAM locations 20h-2Fh
FSR Registers 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. MOVLW 0%20 Tinitialize pointer
Indirect addressing is possible by using the INDF reg- MOVWF FSR ;£o 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 FSK,4  jall done?
(FSR = '0") will read 00h. Writing to the INDF register GOTO  NEXT  ;no clear next
. - . A CONTINUE
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
A v J \ v__,__)\ v J
Bank Select Location Select Bank Select Location Select
s > 00 01 10 1 -
l 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.

© 2001 Microchip Technology Inc.
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NOTES:
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MAXIM

+5V-Powered, Multichannel RS-232
Drivers/Receivers

General Description Features

The MAX220-MAX248 family of line drivers/receivers is Superior to Bipolar
intended for all EIA/TIA-232E and V.28//.24 communica- # Operate from Single +5V Power Supply
tions interfaces, particularly applications where +12V is (+5V and +12V—MAX231/MAX239)

not available. . .
, : + Low-Power Receive Mode in Shutdown
These parts are especially useful in battery-powered sys- (MAX223/MAX242)

tems, since their low-power shutdown mode reduces e s
power dissipation 1o iess than 5uW. The MAX225, ¢+ Meet All EIA/TIA-232E and V.28 Specifications

MAX233, MAX235, and MAX245/MAX246/MAX247 use ¢ Multiple Drivers and Receivers

no external compenents and are recommended for appli- ¢ 3-State Driver and Receiver Outputs
cations where printed circuit board space is critical. ¢ Open-Line Detection (MAX243)
Applications Ordering Information
Portable Compulers PART TEMP. RANGE ___ PIN-PACKAGE
L P ¢ Modems MAX220CPE 0°C to +70°C 16 Plastic DIP
ow-rowe . MAX220CSE 0°Cto +70°C____ 16 Narrow SO
Interface Transtation MAX220CWE 0°C to +70°C 16 Wide SO
Batlery-Powered RS-232 Systems MAX220C/D 0°C to +70°C Dice"
Multidrop RS-232 Networks MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°C to +125°C 16 CERDIP

Ordering information continued at end of data sheel,
“Contact factory for dice specifications.

Selection Table

Power No. of Nominal SHDN Rx
Part Supply RS-232 No. of Cap. Value & Three- Activein Data Rate
Number (V) Drivers/Rx Ext. Caps (pF) State SHDN (kbps) Features
MAX220 +5 2/2 4 4.7110 No — 120 Ultra-low-power, industry-standard pinout
MAX222 +5 22 4 0.1 Yes — 200 Low-power shutdown
MAX223 (MAX213) +5 4/5 4 1.0(0.1) Yes v 120 MAX241 and receivers active in shutdown
MAX225 +5 5/5 0 — Yes v 120 Available in SO
MAXZ230 (MAX200} +5 500 4 1.0(0.7) Yes — 120 5 drivers with shutdown
MAX231 (MAX201} +5 and 2f2 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+7.5t0+13.2 same functions as MAX232
MAX232 (MAX202) +5 212 4 1.0(0.1) No — 120 (64) Industry standard
MAX232A +5 212 4 01 No - 200 Higher slew rate, small caps
MAX233 (MAX203) +5 2/2 0 — No — 120 No external caps
MAX233A +5 22 0 — No — 200 No external caps, high slew rate
MAX234 (MAX204) +5 40 4 1.0(0.1) No — 120 Replaces 1488
MAX235 (MAX205) +5 5/5 0 — Yes — 120 No external caps
MAX236 (MAX208) +5 413 4 1.0(0.1) Yes — 120 Shutdown, three state
MAX237 (MAX207) +5 53 4 1.0(0.1) No — 120 Complements 1IBM PC serial port
MAX238 (MAX208) +5 4/4 4 1.0(0.1) No — 120 Replaces 1488 and 1489
MAX239 (MAX209) +5and 35 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+7.510 +13.2 single-package solution for IBM PC serial port
MAX240 +5 5/5 4 1.0 Yes — 120 DIP or flatpack package
MAX241 (MAX211) +5 4/5 4 1.0(0.1) Yes — 120 Complete IBM PC serial port
MAX242 +5 22 4 0.1 Yes 4 200 Separate shutdown and enabie
MAX243 +5 22 4 0.1 No — 200 Open-line detection simplifies cabling
MAX244 +5 810 4 1.0 No — 120 High slew rate
MAX245 +5 8/10 0 — Yes v 120 High slew rate, int. caps, two shutdown modes
MAX246 +5 8/10 0 — Yes v 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 8/9 0 — Yes v 120 High slew rate, int. caps, nine operating modes
MAX248 +5 8/8 4 1.0 Yes v 120 High slew rate, selective half-chip enables
MAX249 +5 6/10 4 1.0 Yes v 120 Available in quad flatpack package
MAXIMN Maxim Integrated Products 1

For free samples & the latest literature: hitp://www.maxim-ic.com, or phone 1-800-998-8800.
For small orders, phone 1-800-835-8769.
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243

Supply Voltage (VEEC) oovvvveiee e -0.3V to +6V
Input Voltages
TN e e e,
RiN (Except MAX220) ..ot
RIN(MAX220).....cotioiris e e
Tourt (Except MAX220) (Note 1) ..
ToUT (MAX220) ..o
Output Voltages
Lo 0 1 TR USSR +15V
-0.3Vto (Voo + 0.3V)
Driver/Receiver Output Short Circuited to GND........ Continuous
Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)... 842mW
18-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW

20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ..440mW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C)...696mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
18-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
20-Pin Wide SO {derate 10.00mW/°C above +70°C)....800mwW
20-Pin SSOP (derate 8.00mW/°C above +70°C) .......... 840mwW
16-Pin CERDIP (derate 10.00mwW/°C above +70°C).....800mW
18-Pin CERDIP (derate 10.53mW/°C above +70°C).....842mW
Operating Temperature Ranges
MAX2_ _AC__ MAX2_ C_ ... 0°C to +70°C
MAX2_ _AE_ _, MAX2_ _E__. ...-40°C to +85°C
MAX2_ _AM_ _, MAX2_ _M__ -B5°C to +125°C
Storage Temperature Range ................ ~-65°C to +160°C
Lead Temperature (soldering, 10SeC) .......cccoocveevcevnnn. +300°C

Note 1: Input voltage measured with ToyT in high-impedance state, SHDN or Vec = OV.
Note 2: For the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannot exceed 13V.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage 1o the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243
(Voo = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047uF, C2-C4 = 0.33pF, Ta = TMIN to TMAX, unless otherwise noted.)

PARAMETER , CONDITIONS | MN  TYP  MAX [UNITS
RS-232 TRANSMITTERS
Output Voltage Swing All transmitter outputs loaded with 3k to GND 15 +8 v
Input Logic Threshold Low 1.4 08 v
All MAX22 2 1.4
Input Logic Threshold High except 220 "
MAX220: Vo = 5.0V 2.4
Logic Pul-Un/inout Current All except MAX220, normal operation 5 40 A
i - —
gic FUl-Cpiinpy SHDN = 0V, MAX222/242, shutdown, MAX220 001 1 | "M
Voo = 5.5V, SHDN = OV, Vout = 15V, MAX222/242 +0.01 +10
Output Leakage Current e A
P 9 VGG = SHDN = OV, Vour = £15V 001 =10 ] "
Data Rate All except MAX220, normal operation 200 116 kby/s
Transmitter Output Resistance Vee = V+ = V- = 0V, Vour = 22V 300 10M 9]
Output Short-Circuit Current Vourt = 0V +7 122 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +30 v
All t MAX243 R2 0.8 13
RS-232 Input Threshold Low Voo = 5V excep N v
MAX243 R2|y (Note 2) -3
A 4 . 4
RS-232 Input Threshold High Vee = 8V Il except MAX243 R2m 8 2 v
MAX243 R2|N (Note 2) -05 0.1
RS-232 Input Hysteresis All except MAX243, Ve = 5V, no hysteresis in shdn. 0.2 0.5 1 v
MAX243 1
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS Output Voltage Low loyt = 3.2mA 0.2 0.4 v
TTL/CMOS Output Voltage High louT = -1.0mA 35 Vcc-02 v
L Sourcing Vout = GND -2 -10
TTL/CMOS Output Shert-Circuit Current A
P Shrinking VOUT = VoG 10 30 m
2 MAXIMN




+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
(Voe = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047uF, C2-C4 = 0.33pF, Ta = TMIN to TMaX, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
SHDN = Vg or EN = Vo (SHDN = OV for MAX222),
TTL/CMOS QOutput Leakage Current OV < VouT € Voo +0.05 +10 pA
EN Input Threshold Low MAX242 1.4 08 v
EN Input Threshold High MAX242 20 14 v
Operating Supply Voltage 45 55 V'
MAX220 05 2
_ No load
Vee Supply Current (SHDN = Vo), MAX222/232A/233A/242/243 4 10 A
Figures 5, 6, 11, 19 3kQ load MAX220 12
both inputs MAX222/232A/233A/242/243 15
Ta = +25°C 01 10
Ta=0°C to +70°C 2 50
Shutdown Supply Current MAX222/242 A
u HPPY ! Ta = 40°C 10 +85°C 3 50 | ¥
Ta =-55°C to +125°C 35 100
SHDN Input Leakage Current MAX222/242 +1 pA
SHDN Threshold Low MAX222/242 1.4 (0} :] v
SHDN Threshold High MAX222{242 20 1.4 \
CL = 50pF to 2500pF,
RL = 3K to 7K, MAX222/232A/233A/242/243 6 12 30
Transition Slew Rate Voo =5V, Ta = +25°C, V/us
measured from +3V MAX220 15 3 30
to -3V or -3Vito +3V
MAX222/232A/233A/242/243 1.3 35
Transmitter Propagation Delay tPHLT MAX220 2 10
TLL to RS-232 (normal operation),
Figure 1 ( peration) ) MAX222/232A/233A/242]243 5 a5 | '°
PLHT MAX220 5 10
t MAX222/232A/233A/242(243 0.5 1
Receiver Propagation Delay PHLR MAX220 06 3
RS-232 to TLL (normal operation), . S
Figure 2 ( peration) . MAX222/232A/233A/242/243 06 1 v
FLHA MAX220 08 3
Receiver Propagation Delay IPHLS MAX242 05 10 s
RS-232 to TLL (shutdown), Figure 2 [tpirgs MAX242 25 o | ¥
Receiver-Output Enable Time, Figure 3 | ter MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | tor MAX242 160 500. ns
Transmitter-Output Enable Time t MAX222/242, 0.1uF caps 250 s
{SHDN goes high), Figure 4 ET (includes charge-pump start-up) W
Transmitter-Output Disable Time
(SHDN goes low), Figure 4 DT MAX222/242, 0.1yF caps 600 ns
Transmitter + to - Propagation ' I MAX222/232A/233A/242/243 300
Delay Difference (normal operation) PHLT - IPLHT MAX220 2000 ns
Receiver + to - Propagation ' N MAX222/232A/233A/242/243 100
Delay Difference {normal operation) PHLR - IPLHR MAX220 225 ns
Note 3: MAX243 R2pyT is guaranteed to be low when R2|y is 2 0V or is floating.
MAXIMN 3

6V XVIN-OCCXVIN



MAX220-MAX249

+5V-Powered, Multichannel RS-232
Drivers/Receivers

MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

Typical Operating Characteristics

MAXZ2G-03

AVAILABLE OUTPUT CURRENT MAX222/MAX242
OUTPUT VOLTAGE vs. LOAD CURRENT vs. DATA RATE ON-TIME EXITING SHUTDOWN
10 — - 1 —r——y |
5 W % ~ QUTPUT LOAD CLRRENT |3 & Foaps ——7
5 | ETHER V4 OR V- LOADED ; 10 T FLOWS FROM V+ TOV- v ého L Caps
s _vccqév oW | = _?LFCAPS . _ gx - i
v NO'LOAD ON = = =
2 2 | TRANSMITTER OUTPUTS Z s Vg = 45.25 & ov
S | (EXCEPT MAX220, MAXz33) g S—) S ow
S 5 | v-Loaben, NoLOAD ONVA S 7 [ pLLCARS A ol
5 ) £ M Vo= [N 2 el 1uF CAPs
3 4 0.1pF wW— 3 L Ly W
5 T\ ~I{ \L ]
] )4,}—‘ 5 I y < 0.1pF CAPS
V+ LOADED, NO LOAD ON V- ’ v
-0 4 -1ov
6 5 w0 15 A 5 0 10 WM W 40 N 60 500us/div
LOAD CURRENT (mA) DATA RATE (kbits/sec)
4 MAXIMN



+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

Vet e e -0.3Vto +6V
Vo (Voo - 0.3V) to +14V
Ve e s +0.3Vto -14V
Input Voltages

TIN oo e -0.3Vto (Vce + 0.3V)

RIN et et e e +30V
Output Voltages

TOUT oo (V+ +0.3V) to (V- - 0.3V)

ROUT e 0.3V 1o (Voo + 0.3V)
Short-Circuit Duration, TOUT -.o.ooovovoeeeeoeeee Continuous

Continuous Power Dissipation (Ta = +70°C)

14-Pin Plastic DIP {derate 10.00mW/°C above +70°C)....800mW
16-Pin Plastic DiP (derate 10.53mW/°C above +70°C)....842mW
20-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW
24-Pin Narrow Plastic DIP

(derate 13.33mW/°C above +70°C} .......... 1.07W
24-Pin Plastic DIP (derate 9.09mW/°C above +70°C}......500mwW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......... 762mW

20-Pin Wide SO (derate 10 00mW/°C above +70°C).......800mW
24-Pin Wide SO (derate 11.76mW/°C above +70°C).......941mW
28-Pin Wide SO (derate 12.50mW/°C above +70°C) ............1W
44-Pin Plastic FP {derate 11.11mW/°C above +70°C) .....889mwW
14-Pin CERDIP (derate 9.09mW/°C above +70°C) .......... 727mwW
16-Pin CERDIP (derate 10.00mW/°C above +70°C)........ 800mwW
20-Pin CERDIP (derate 11.11mW/°C above +70°C)........ 889rmwW
24-Pin Narrow CERDIP

(derate 12.50mW/°C above +70°C) ............. 1w
24-Pin Sidebraze (derate 20.0mW/°C above +70°C).......... 1.6W
28-Pin SSOP (derate 9.52mW/°C above +70°C)............. 762mwW

Operating Temperature Ranges
MAX2 _ _C o e, 0°C to +70°C
MAX2 __E__. ..-40°C to +85°C
MAX2 __M o e -55°C to +125°C
Storage Temperature Range..................c.ocov. . -65°C to +160°C
Lead Temperature (soldering, 10sec) ...........cccovereeenn +300°C

Stresses beyond those listed under "Absolute Maximum Ratings™ may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241

(MAX223/230/232/234/236/237/238/240/241%, Vcc = +5V £10; MAX233/MAX235, Vo = 5V 5%, C1-C4 = 1.0pF; MAX231/MAX239,
Voo =5V £10%; V+ = 7.5V 1o 13.2V; Ta = TmIN to TMAx; unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
QCutput Voltage Swing All transmitter outputs loaded with 3kQ to ground +50 +7.3 v
MAX232/233 5 10
Ve Power-Supply Current .’;‘: |=032'5°c MAX223/230/234-238/240/24 7 3 mA
MAX231/239 0.4
MAX231 1.8 5
V+ Power-Supply Current mA
MAX239 5 15
Shutdown Supply Current | Ta = +25°C MAX223 15 20 A
MAX230/235/236/240/241 1 10
Input Logic Threshold Low | Tiy; EN, SHDN (MAX233); EN, SHDN (MAX230/235-241) 08 v
Tin 20
Input Logic Threshold High Eﬂ SHDN (MAX223); 04 Vv
EN, SHDN {MAX230/235/236/240/241) ‘
Logic Pull-Up Current Tin=0V 15 200 pA
e e w | v
MAXIMN 5
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MAX220-MAX249
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Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)

(MAX223/230/232/234/236/237/238/240/241, Vcc = +5V +10; MAX233/MAX235, Voo = 5V 5%, C1-C4 = 1.0pF, MAX231/MAX239,
Voo = 5V £10%; V+ = 7.8V 10 13.2V; Ta = TMIN to TMAX; unfess otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Normal operation
SHDN = 5V (MAX223) 08 1.2
= o SHDN = OV (MAX235/236/240/241)
RS-232 Input Threshold Low \T,A _+23 C v
cc=9 Shutdown (MAX223)
SHDN = 0V, 0.6 1.5
EN = 5V (R4|n, R5IN)
Normal operation
SHDN = 5V (MAX223) 1.7 2.4
_ o SHDN = OV (MAX235/236/240/241)
RS-232 Input Threshold High Ta = +25°C, v
Vee =5V Shutdown (MAX223)
SHDN = 0V, 1.5 2.4
EN = 5V (R4|n, RBIN)
RS-232 Input Hysteresis Vce = 5V, no hysteresis in shutdown 0.2 0.5 10 v
RS-232 Input Resistance Ta = +25°C, Voo = 5V 3 5 7 kQ
TTL/CMOS Qutput Voltage Low loyT = 1.6mA (MAX231/232/233, IoyT = 3.2mA) 04 v
TTL/CMOS Output Voltage High lout = -1TmA 35 Vee-04 A
0V < Rout < Voe; EN = 0V (MAX223);
TTL/CMOS Output Leakage Current EN = Vog (MAX235-241 ) 0.05 +10 LA
MAX223 600
Receiver Output Enable Time Norma] ns
operation MAX235/236/239/240/241 400
MAX223 900
Receiver Output Disable Time Normgl ns
operation MAX235/236/239/240/241 250
AS-232 IN to Normal operation 0.5 10
Propagation Delay TTL/CMOS OUT,| SHGN = oV tPHLS 40 Us
CL = 150pF (MAX223) 1PLHS 40
MAX223/MAX230/MAX234-241, Ta = +25°C, Ve = 5V,
RL = 3k to 7k, CL = 50pF to 2500pF, measured from 3 5.1 30
+3V to -3V or -3V 1o +3V
Transition Region Slew Rate Vius
MAX231/MAX232/MAX233, Ta = +25°C, Voo = 5V,
RL = 3kQ to 7kQ, C| = 50pF to 2500pF, measured from 4 30
+3Vto -3V or -3V to +3V
Transmitter Output Resistance Vee = V+ = V-= 0V, Vour = =2V 300 Q
Transmitter Qutput Short-Circuit
Current £10 MA

MAXIMN



+5V-Powered, Multichannel RS-232

Drivers/Receivers
Typical Operatling Characteristics
MAX223/MAX230-MAX241
TRANSMITTER OUTPUT VOLTAGE (Vo)
TRANSMITTER OUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER SLEW RATE
VOLTAGE (Von) vs. Vce DIFFERENT DATA RATES vs. LOAD CAPACITANCE
85 : 120 , .
» TRANSHITTERS : i § 1 TRANSMITTER LOADED T, - 125°C §
LOADED E 72 ne \lk L8550, -3k
80 ' - .0 J 100 < Croct = 1pF—T
- ~ = | |
1 TRANSMITTER >>( £ 90 — 2 TRANSMITTERS
s LOADED / s 68 | s & z LOADED
T 75 i g s ioeipbedl! /\\ £ g0 N
> MITTERS = I : s P———
)// LOADED 68 T 2moisisee £ 70 2 \\
70 / Ta=+25°C 64 |-Ta=+25°C 60 _STHANSMIWE%

77
/[

C1CA = 1uF Vg = 45V ~ LDADED |
/ TRANSMITTER 6o |3 TRANSMITTERS LDADED 4 TRANSHITIERS
4 TRANSMITTERS LDADS = “ he=3a 50 LOADED
LOADED | 302 11 2500pF C1-Cd=1uf ] l

65 60 10
45 50 55 0 50 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Ve (V) LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF)
TRANSMITTER OUTPUT YOLTAGE (VoL)
TRANSMITTER OUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER OUTPUT VOLTAGE (V+, V-)
VOLTAGE (Vou) vs. Voo DIFFERENT DATA RATES vs. LOAD CURRENT
-0 , s -60 10
4TRANS-  Ta=+257C é Ta= 42570 y, 5 = :
o5 MITTERS  C1-C4=1yF | 62 [~yge - 15V & Tt §
' LOADED ~ TRANSMITTER 3 TRANSMITTERS LOADED / 6 Ta=125°C =X
\ LOADS = 64 p =% 7 4 Vog =+5Y }
70 B e — 3K fl 25000F | 46 Ct-C4 = 1uF /] C1-C4 = 1uF
s | N V- LDADED
= s \\ \\ = o | 1o0Mbitssec ,/ T \E‘a G\:ﬁ;‘-__ NO LOOAD | |ve LOADED, |
B T ~ £ BOKbils/sec &/ £  DADED ON Vs NO LOAD
1 TRANS- 70 | 20Kebitsisec < 2} ON V- ——
80 |} MITTER ~] :
-4
LO::RTNS/ 3TRANS \ 72 7 // 5 /|3 o
45 — . 1
MITTERS  MITTERS 74 :j P ) g : =
LOADED  LOADED [
90 ! 76 o Lt TALL TRANSMITTERS UNLOADED)
45 50 55 0 50 100 1500 2000 2500 0 65 101520 % 30 3% 4 4 50
Ve (V) LOAD CAPACITANCE (pF} CURRENT (ma)
V+, V- WHEN EXITING SHUTDOWN
{1.F CAPACITORS)
MACR0-13
Vi
§ i 0
V-
SHON®

500ms/div

"SHUTDOWN POLARITY IS REVERSED
FOR NON MAX241 PARTS

MAXIMN 7
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ABSOLUTE MAXIMUM RATINGS—MAX225/MAX244-MAX249

Supply Voltage (VCC) ..o, -0.3Vto +6V Continuous Power Dissipation (Ta = +70°C)

Input Voltages 28-Pin Wide SO (derate 12 50mW/°C above +70°C) ............ W
TiN, ENA, ENB, ENR, ENT, ENRA, 40-Pin Plastic DIP {derate 11.11mW/°C above +70°C) .. 611mW
ENRB, ENTA, ENTB...........cccvieriieiiee e -0.3Vto (Vge + 0.3V) 44-Pin PLCC (derate 13.33mW/°C above +70°C) ........... 1.07W
BIN oot e e e e e e £25V Operating Temperature Ranges
TouT (Note 3)..... MAX225C_ _ MAX24_C_ _ .o, S 0°C to +70°C
ROUT corvereiines it cr et tn s MAX225E_ _, MAX24_E_ _ ...-40°C to +85°C

Short Circuit (one output at a time) Storage Termperature Range .............. -65°C to +160°C
TOUTto GND o Continuous Lead Termperature (soldering, 10S€C) ..o, +300°C

ROUTIO GND ..ot Continuous

Note 4: Input voltage measured with transmitter output in a high-impedance state, shutdown, or Vgc = 0V.

Stresses beyond those listed under “Absolute Maximum Ratings " may cause permarnent damage to the device. These are stress rafings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reiiability.

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249

(MAX225, Ve = 5.0V £5%; MAX244-MAX249, Voo = +5.0V £10%, external capacitors C1-C4 = {1uF; Ta = Tmin to Tmax; unless oth-
erwise noted.)

PARAMETER | CONDITIONS ] MIN TYP MAX ; UNITS
RS-232 TRANSMITTERS
Input Logic Threshold Low 14 08 v
Input Logic Threshold High 2 1.4 '
. Normal operation 10 50
Logic Pull-Up/Input Current Tables 1a-1d Shutdown 2001 1 HA
Data Rate Tables 1a-1d, normal operation 120 64 | kbits/sec
Output Voltage Swing All transmitter outputs loaded with 3k to GND +5 +7.5 '
52‘(’:" 5(;“5: :EE'SENTA ENTE - £001  +25
Output Leakage Current (shutdown) Tables 1a-1d pA
Voc =0V, +0.01 +25
Vourt = +18V
Transmitter Output Resistance Voo = V+ = V- = OV, Vour = 2V (Note 4) 300 10M 2
Qutput Short-Circuit Current Vour = 0V +7 +30 mA
RS-232 RECEIVERS
RS-232 Input Vioitage Operating Range +25 v
RS-232 Input Threshold Low Voo = 5V 0.8 1.3 Vv
RS-232 Input Threshold High Vec =5V 1.8 2.4 v
RS-232 Input Hysteresis Voo = 5V c.2 0.5 1.0 Y
RS-232 Input Resistance 3 5 7 kG
TTL/CMOS Output Voltage Low loyT = 3.2mA 02 04 v
TTL/CMOS Output Voltage High louT = -1.0mA 35 Vgco-02 v
o Sourcing Vout = GND -2 -10
TTL/CMOS Qutput Short-Circuit Current Shrinking Vout = Voc 10 20 mA
TTL/CMOS Qutput Leakage Current Normal operation, outputs disabled, +0.05 1010 pA
Tables 1a-1d, OV € VouT £ Ve, ENR_ = Ve

8 MAXIMN




+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249 (continued)

{MAX225, Voi = 5.0V £5%; MAX244-MAX249, Ve = +5.0V £10%, external capacitors C1-C4 = 1uF; Ta = TMIN 10 Tmax; uniess oth-
erwise noted.)

PARAMETER ] CONDITIONS | MIN  TYP  MAX | UNITS
POWER SUPPLY AND CONTROL LOGIC
MAX225 475 525
o) ting Supply Voltage vV
peraling stpply Yorag MAX244-MAX249 25 55
MAX225 10 20
No load
Ve Supply Current MAX244-MAX249 11 30 mA
(normal operation) akQ loads on | MAX225 40
all outputs MAX244-MAX249 57
Ta = +25°C 8 25
Shutd Supply Current A
HICOWN SUPPYY Ta = TMIN to Tmax 50 H
Leakage current +1 LA
Control Input Threshold low 14 0.8 v
Threshold high 24 1.4
AC CHARACTERISTICS
" CL = 50pF to 2500pF, R = 3k to 7k, Voo =5V,
Transition Slew Rate Ta = +25°C, measured from +3V to -3V or -3V to +3V 5 10 30 Vius
Transmitter Propagation Delay tPHLT 1.3 35
TLL to RS-232 (normal operation), Hs
Figure 1 tPLHT 15 KR
Receiver Propagation Delay tPHLR 06 1.5
TLL to RS-232 (normal operation), ys
Figure 2 tPLHR 06 1.5
Receiver Propagation Delay tPHLS 0.6 10
TLL to RS-232 (low-power mode), ps
Figure 2 tPLHS 3.0 10
Transmitter + to - Propagation
Delay Difference (normal operation) IPHLT - tPLHT 350 ns
Receiver + to - Propagation
Delay Difference (normal operation) IPHLR - IPLHR 350 ns
Receiver-Output Enable Time, Figure 3 | ter 100 500 ns
Receiver-Output Disable Time, Figure 3| tpr 100 500 ns
MAX246-MAX249 5 s
(excludes charge-pump start-up) H
Transmitter Enable Time teT
MAX225/MAX245-MAX249 10 ms
(includes charge-pump start-up)
Transmitter Disable Time, Figure 4 tpT 100 ns

Note 5: The 300Q minimum specification complies with EIA/TIA-232E, but the actual resistance when in shutdown mode or Voc =
0V is 10MQ as is implied by the leakage specification.

MAXIMN 9
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MAX220-MAX249
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Drivers/Receivers
Typical Operating Characteristics
MAX225/MAX244-MAX249
TRANSMITTER OUTPUT VOLTAGE (V+, V-)
TRANSMITTER SLEW RATE OUTPUT VOLTAGE vs, LOAD CAPACITANCE AT
vs. LOAD CAPACITANCE vs. LOAD CURRENT FOR V+ AND V- DIFFERENT DATA RATES
8 N s [ 2 N [ or oV WITH AL TRANSMITIERS DRVEN |3
I §  anv-oon P — e LOADED WITH 52 g
g, \ 6 f EITHER Vs OR | R NS S et N
o \\ EXTERNAL POWER SUPPLY S 1 byg-w V-LOADED ' \\ ~ 20“’{/5‘* ~]
T 14F CAPACITORS &, | DXTERNAL GHARGE PUMP 75 ™ s —
z N\ = 14F CAPACITORS s \ SRR
& 10 S 0 |BTRANSMITTERS > 70 o —
& \\ a0kys DATARATE | £ DRIVING 5KC2 AND = N ~
E 3 BIRANSMITTIERS { = -2 [ ogoope AT 20kbits/sec 65 A\ =
H Nlowowmzxal 2 iy V- LOADED | \ N
g " \\ IDV LIOADE | e 60 N 100kec
~ - 4 FWANDY- D ,-[ 200Kysec ~\
4 — 8 ' 55 f \ \
, o Vs LOADED 5o ALLCAPACIIORS 1uF
o 1 2 3 4 5 0 5 1 1B W B B! B S0 1 2 3 4 5
LOAD CAPACITANCE {nF) LOAD CURRENT () LOAD CAPACITANCE (nF)

10 MAXIMN
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“EXCEPT FOR R2 ON THE MAX243
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Figure 1. Transmitter Propagation-Delay Timing

Figure 2. Receiver Propagation-Delay Timing

N
ReOUT 1k
Ry IN » Veg-2v
a) TEST CIRCUIT
, 1500F
Wineyr —¥ 1!
v &
— i la—— OUTPUT ENABLE TIME ({r)
RECEIVER
OUTPUTS
——- 0BV
b) ENABLE TIMING Vo
+3V N
& pyuT — 2 ,
—  —— OUTPUT DISABLE TIME {tog)
Vo
RECEIVER i
DUTPUTS !
VoL i
c) DISABLE TIMING '

SHDN —
ov
R S ag—— QUTPUT DISABLE TIME (tp7)

Ve

V-
a) TIMING DIAGRAM
10R0

3k I 50pF

k) TEST CIRCUIT

Figure 3. Receiver-Output Enable and Disable Timing

MAXIMN

Figure 4. Transmitter-Output Disable Timing
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Q) Table 1a. MAX245 Control Pin Configurations
" ENT ENR OPERATION STATUS TRANSMITTERS RECEIVERS
N 0 0 Normal Operation All Active All Active
x 0 1 Normal Operation All Active All 3-State
< 1 0 Shutdown All 3-State All Low-Power Receive Mode
E 1 1 Shutdown All 3-State All 3-State
S
ﬁ Table 1b. MAX245 Control Pin Configurations
_ S OPERATION TRANSMITTERS RECEIVERS
b ENT ENA
< STATUS TA1-TA4 TB1-TB4 RA1-RAS RB1-RB5
E 0] 0 Normal Operation All Active All Active All Active All Active
) . . RA1-RA4 3-State, RB1-RB4 3-State,
0 1 Normal Operation All Active All Active RAS Active RBS5 Active
All Low-Power All Low-Power
1 0 Shutdown All 3-State All 3-State Receive Mode Receive Mode
RA1-RA4 3-State, RB1-RB4 3-State,
1 1 Shutdown All 3-State All 3-State RAS Low-Power RB5 Low-Power
Receive Mode Receive Mode
Table 1c. MAX246 Control Pin Configurations
— — OPERATION TRANSMITTERS RECEIVERS
ENA ENB STAT
Us TA1-TA4 TB1-TB4 RA1-RAS RB1-RB5
0 0 Normal Operation All Active All Active All Active All Active
. . . RB1-RB4 3-State,
0 1 Normal Operation All Active All 3-State All Active RB5 Active
. RA1-RA4 3-State, .
1 0 Shutdown All 3-State All Active RA5 Active All Active
RA1-RA4 3-State, RB1-1B4 3-State,
1 1 Shutdown All 3-State All 3-State RAS Low-Power RAS5 Low-Power
Receive Mode Receive Mode

12
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Table 1d. MAX247/MAX248/MAX249 Control Pin Configurations
TRANSMITTERS RECEIVERS
OPERATION MAX247 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB5
ENTA | ENTB | ENRA | ENRB
STATUS MAX248 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB4
MAX249 | TA1-TA3 | TB1-TB3 RA1-RA5 RB1-RB5
0 0 0 0 Normal Operation All Active | All Active | All Active All Active
' All 3-State, except
0 0 0 1 Normal Operation All Active | All Active | All Active RBS5 stays active on
MAX247
0 0 1 0 Normal Operation All Active | All Active | All 3-State All Active
All 3-State, except
0 0 1 1 Normal Operation All Active | All Active | All 3-State RB5 stays active on
MAX247
0 1 0 0 Normal Operation All Active | All 3-State | All Active All Active
All 3-State, except
0 1 0 1 Normal Operation All Active | All 3-State | All Active RBS stays active on
MAX247
0 1 1 0 Normal Operation All Active | All 3-State | All 3-State All Active
All 3-State, except
0 1 1 1 Normal Operation All Active [ All 3-State | All 3-State RBS stays active on
MAX247
1 0 0 0 Normal Operation © | All 3-State | All Active | All Active All Active
All 3-State, except
1 0 0 1 Normal Operation . All 3-State | All Active | All Active RB5 stays active on
_ T MAX247
1 0 1 0 Normal Operation All 3-State | All Active | All 3-State All Active
All 3-State, except
1 0 1 1 Normal Operation All 3-State | All Active | All 3-State RB5 stays active on
MAX247
Low-Power Low-Power
1 1 0 0 Shutdown All 3-State | All 3-State Receive Mode Receive Mode
Low-Power All 3-State, except
1 1 0 1 Shutdown All 3-State | All 3-State . RB5 stays active on
Receive Mode MAX247
1 1 1 0 Shutdown All 3-State | All 3-State | Al 3-State Low-Power
Receive Mode
All 3-State, except
1 1 1 1 Shutdown All 3-State | All 3-State | All 3-State RB5 stays active on

MAX247
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Detailed Description

The MAX220-MAX249 contain four sections: dual
charge-pump DC-DC voltage converters, RS-232 dri-
vers, RS-232 receivers, and receiver and transmitter
enable control inputs.

Dual Charge-Pump Voltage Converter
The MAX220-MAX249 have two internal charge-pumps
that convert +5V lo +10V {unloaded) for RS-232 driver
operation. The first converter uses capacitor C1 to dou-
ble the 45V input to +10V on C3 at the V+ output. The
second converter uses capacior C2 to invert +10V 1o
-10V on C4 at the V- output.

A small amount of power may be drawn from the +10V
(V+4) and -10V (V-) outpuis to power external circuiiry
(see the Typical Operating Characleristics seclion},
except on the MAX225 and MAX245-MAX247, where
these pins are not available. V+ and V- are not regulated,
so the oulput vollage drops with increasing foad current.
Do not load V+ and V- to a point ihat violales the mini-
mum x5V EIA/TIA-232E driver output voltage when
sourcing current from V+ and V- to external circuitry.

When using the shutdown feature in the MAX222,
MAX225, MAX230, MAX235, MAX236, MAX240Q,
MAX241, and MAX245-MAX249. avoid using V+ and V-
to power external circuitry. When these parts are shut
down, V- falls to OV, and V+ falis to +5V. For applica-
tions where a + 10V external supply is applied to the V+
pin {instead of using the internal charge pump to gen-
erate +10V), the C1 capacitor must nol be installed and
the SHDN pin must be tied to Vcc. This is because Y+
is internalty connected to Ve in shutdown mode.

RS-232 Drivers
The typical driver output voltage swing is 8V when
loaded with a nominal 5k& RS-232 receiver and Vg =
+5V. Qulput swing is guaranteed to meet the EIA/TIA-
232F and V.28 specification, which calls for £5V mini-
mum driver output levels under worst-case conditions.
These inciude a minimum 3k foad, Ve = +4.5V, and
maximum operating temperature. Unloaded driver out-
put voltage ranges from {(V+ -1.3V} to (V- +0.5V).

Input thresholds are both TTL and CMOS compatible.
The inputs of unused drivers can be left unconnected
since 400k input pull-up resistors to Voo are built in
{except for the MAX220). The pull-up resistors force the
outputs of unused drivers fow because ali drivers invert.
The internal input pull-up resistors typically scurce 12uA,
except in shutdown mode where the pull-ups are dis-
abled. Driver oulputs turn off and enter a high-imped-
ance state—where leakage current is typically
microamperes (maximum 25pA)—when in shutdown
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mode, in three-state mode, or when device power is
removed, Quiputs can be driven to +15V. The power-
supply current typically drops tc 8pA in shutdown mode.
The MAX220 does not have pull-up resistors to force the
oupuls of the unused drivers low. Connect unused inpuis
to GND or Vee.

The MAX233 has a receiver three-state conirol line, and
the MAX223, MAX225, MAX235, MAX236. MAX240.
and MAX241 have both a receiver three-state control
line and a low-power shutdown control. Tabie 2 shows
the effects of the shutdown control and receiver three-
stale control on the receiver cutputs.

The receiver TTUCMOS outputs are in a high-imped-
ance, three-state mode whenever the three-state enable
line is high (for the MAX225/MAX235/MAX236/MAX239-
MAX241), and are also high-impedance whenever the
shutdown conirol line is high.

When in low-power shutdown mode, the driver oulputs
are turned off and their leakage current is less than 1pA
with the driver output pulled to ground. The driver output
ieakage remains less than 1pA, even if the transmitter
outpul is backdriven between 0V and (Ve + 6VY). Below
-0.5V, the transmitter is diode clamped to ground with
1k£2 series impedance. The {ransmitter is also zener
clamped to approximately Vcg + 6V, with a series
impedance of 1k€.

The driver output slew rate is limited to less than 30V/us
as required by the EIA/TIA-232E and V.28 specifica-
tions. Typical slew rates are 24V/pus unloaded and
10V/us loaded with 3Q2 and 2500pF.

RS-232 Receivers
EIA/TIA-232E and V.28 specifications define a voitage
level greater than 3V as a logic 0, so all receivers invert.
Input thresholds are set at 0.8V and 2.4V, so receivers
respond to TTL level inputs as well as EIA/TIA-232E and
V.28 levels,

The receiver inpuls wilthstand an input overvoltage up
to £25V and provide input terminating resistors with

Table 2. Three-State Control of Receivers

PART |SHDN|SHDN| EN | EN(R) RECEIVERS
Low [X High Impedance
MAX223 . [High {Low _ | Active
High | High High Impedance
Low High Impedance
MAX225 | — | — | — |High |Active
MAX235 | Low Low High Impedance
MAX236 | Low _ _ IHigh | Active
MAX240 | High X High Impedance
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nominal 5k values. The receivers implement Type 1
interpretation of the fault conditions of V.28 and
EIA/TIA-232E.

The receiver input hysteresis is typically 0.5V with a
guaranteed minimum of 0.2V, This produces clear out-
put transitions with slow-moving input signals, even
with moderate amounts of noise and ringing. The
receiver propagation delay is typically 600ns and is
independent of input swing direction.

Low-Power Receive Mode
The low-power receive-mode feature of the MAX223,
MAX242, and MAX245-MAX249 puts the IC into shut-
down mode but still allows it to receive information. This
is important for applications where systems are periodi-
cally awakened to iook for activity. Using low-power
receive mode, the system can still receive a signal that
will activate it on command and prepare it for communi-
cation at faster data rates. This operation conserves
system power.

Negative Threshold—MAX243
The MAX243 is pin compatible with the MAX232A, differ-
ing only in that RS-232 cable fault protection is removed
on one of the two receiver inputs. This means that control
lines such as CTS and RTS can either be driven cor left
floating without interrupting communication. Different
cables are not needed to interface with different pieces of
equipment.

The input threshold of the receiver without cable fault
protection is -0.8V rather than +1.4V. Its output goes
positive only if the input is connected to a control line
that is actively driven negative. If not driven, it defaults
to the 0 or "OK to send” state. Normally, the MAX243's
other receiver (+1.4V threshold) is used for the data line
(TD or RD), while the negative threshold receiver is con-
nected to the control line (DTR, DTS, CTS, RTS, etc.).

Other members of the RS-232 family implement the
optional cable fault protection as specified by EIA/TIA-
232E specifications. This means a receiver output goes
high whenever its input is driven negative, left floating,
or shorted to ground. The high output tells the serial
communications IC to stop sending data. To avoid this,
the control lines must either be driven or connected
with jumpers to an appropriate positive voltage level.

MAXIMN
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Shutdown—MAX222-MAX242
On the MAX222, MAX235, MAX236, MAX240, and
MAX241, all receivers are disabled during shutdown.
On the MAX223 and MAX242, two receivers continue to
operate in a reduced power mode when the chip is in
shutdown. Under these conditions, the propagation
delay increases to about 2.5us for a high-to-low input
transition. When in shutdown, the receiver acts as a
CMQS inverter with no hysteresis. The MAX223 and
MAX242 also have a receiver output enable input (EN
for the MAX242 and EN for the MAX223) that allows
receiver output control independent of SHDN {(SHDN
for MAX241). With all other devices, SHDN (SHDN for
MAX241) also disables the receiver outputs.

The MAX225 provides five transmitters and five
receivers, while the MAX245 provides ten receivers and
eight transmitters. Both devices have separate receiver
and transmitter-enable controls. The charge pumps
turn off and the devices shut down when a logic high is
applied to the ENT input. In this state, the supply cur-
rent drops t0 less than 25pA and the receivers continue
to operate in a low-power receive mode. Driver outputs
enter a high-impedance state (three-state mode). On
the MAX225, all five receivers are controlled by the
ENR input. On the MAX245, eight of the receiver out-
puts are controlled by the ENR input, while the remain-
ing two receivers (RA5 and RB5) are always active.
RA1-RA4 and RB1-RB4 are put in a three-state mode
when ENR is a logic high.

Receiver and Transmitter Enable

Conirol Inputs

The MAX225 and MAX245-MAX249 feature transmitter
and receiver enable controls.

The receivers have three modes of operation: full-speed
receive (normal active), three-state (disabled), and low-
power receive (enabled receivers continue to function
at lower data rates). The receiver enable inputs control
the full-speed receive and three-state modes. The
transmitters have two modes of operation: full-speed
transmit (normal active) and three-state (disabled). The
transmitter enable inputs also control the shutdown
mode. The device enters shutdown mode when all
transmitters are disabled. Enabled receivers function in
the low-power receive mode when in shutdown.

15
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Tables 1a-1d define the control states. The MAX244
has no control pins and is not included in these tables.

The MAX246 has ten receivers and eight drivers with
two control pins, each controlling one side of the
device. A logic high at the A-side control input {(ENA)
causes the four A-side receivers and drivers to go into
a three-state mode. Similarly, the B-side control input
(ENB) causes the four B-side drivers and receivers (o
go into a three-state mode. As in the MAX245, one A-
side and one B-side receiver (RA5 and RB5) remain
active at all times. The enlire device is pul into shut-
down mode when both the A and B sides are disabied
(ENA = ENB = +5V).

The MAX247 provides nine receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each controt four receiver outputs. The
ENTA and ENTB transmitter enable inputs each control
four drivers. The ninth receiver (RB5) is always active,
The device enlers shutdown mode with a logic high on
both ENTA and ENTB.

The MAX248 provides eight receivers and eight drivers
with four control pins. The ENRA and ENRB receiver

ENTA and ENTB transmitter enable inputs control four
drivers each. This part does not have an always-active
receiver. The device enters shutdown mode and trans-

16

The MAX249 provides ten receivers and six drivers wilh
four control pins. The ENRA and ENRB receiver enable
inputs each control five receiver outputs. The ENTA
and ENTB transmitter enable inputs control three dri-
vers each. There is no always-active receiver, The
device enters shutdown mode and transmitters go into
a three-state mode with a logic high on both ENTA and
ENTB. In shutdown mode, active receivers operale in a
low-power receive mode al data rates up to
20kbits/sec.

Applications Information

Figures 5 through 25 show pin configurations and typi-
cal operating circuits. In applications that are sensitive
to power-supply noise, VCC should be decoupled o
ground with a capacitor of the same value as C1 and
C2 connected as close as possible to the device.

MAXIMN




+5V-Powered, Multichannel RS-232

Drivers/Receivers
SVINPUT ¢y
TOP VIEW Ik
s
. v _ 16
1 v 1 Voo 2
[ 6] Ve o RNT i VI e
v 2] [15] 6MD ’1‘—4- C1- VOLTAGE DDUBLER
c1-[3 T |2 410V TO-0v v B 1o
maxam [1] T C23~ 5| o- VOLTAGEWVERTER | == ca
e [a] Mz [l v T
MAX232 9 =
5] maxam [zl Mour
v-[&] [11] T
Tour |7 10 T2 TTL/CMDS RS-232
or [7] 1] INPUTS 400k QUTPUTS
R2in [E E R2our ] RET Toury?,
DIP/SO ‘12 Rigur Rily _1_3_‘
 CAPACITANCE (uF) TTUTCMOS 5 RS-232
BEVICE €1 2 3 ¢4 G5 QUTPUTS ol 2 < s INPUTS
MAX220 47 47 10 1047 - L
MAX232 10 10 10 10 10 5
MAXZ32A_ 01 01 01 01 01
GND =
1
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Figure 6. MAX222/MAX242 Pin Configurations and Typical Operating Circuit
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Figure 7. MAX225 Pin Configuration and Typical Operating Circuit
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Figure 8. MAX223/MAX241 Pin Configuration and Typical Operating Circuit
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Figure 9. MAX230 Pin Configuration and Typical Operating Circuit
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Figure 10. MAX231 Pin Configurations and Typical Operating Circuit
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Figure 12. MAX234 Pin Configuration and Typical Operating Circuit
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Figure 13. MAX235 Pin Configuration and Typical Operating Circuit
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Figure 14. MAX236 Pin Configuration and Typical Operating Circuit
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Figure 15. MAX237 Pin Configuratiorr and Typical Operating Circuit
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Figura 16. MAX238 Pin Configuration and Typical Operating Circuit
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Figure 17. MAX239 Pin Configuration and Typical Operating Circuit
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Figure 18. MAX240 Pin Configuration and Typical Operating Circuit
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Figure 20. MAX244 Pin Configuration and Typical Operating Circuit
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Figure 21. MAX245 Pin Configuration and Typical Operating Circuit
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Figure 22. MAX246 Pin Configuration and Typical Operating Circuit
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Figure 23. MAX247 Pin Configuration and Typical Operating Circuit
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Figure 24, MAX248 Pin Configuration and Typical Operating Circuit
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Figure 25. MAX249 Pin Configuration and Typical Operating Circuit
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Drivers/Receivers

Ordering Information {continued)

PART TEMP. RANGE PIN-PACKAGE MAX232AC/D 0°C to +70°C Dice”

MAX222CPN 0°C to +70°C 18 Plastic D!P MAX232AEPE -40°C to +85°C 16 Plastic DIP
MAX222CWN 0°C to +70°C 18 Wide SO MAX232AESE -40°C to +85°C 16 Narrow SO
MAX222C/D 0°C to +70°C Dice" MAX232AEWE -40°C to +85°C 16 Wide SO
MAX222EPN -40°C to +85°C 18 Plastic DIP MAX232AEJE -40°C to +85°C 16 CERDIP
MAX222EWN -40°C to +85°C 18 Wide SO MAX232AMJE -55°C to +125°C 16 CERDIP
MAX222EJN -40°C to +85°C 18 CERDIP MAX232AMLP -55°C to +125°C 20LCC
MAX222MJN -56°C to +1256°C 18 CERDIP MAX233CPP 0°C to +70°C 20 Plastic DIP
MAX223CAl 0°C to +70°C 28 350P MAX233EPP -40°C to +85°C 20 Plastic DIP
MAX223CWI 0°C to +70°C 28 Wide SO MAX233ACPP 0°C t0 +70°C 20 Plastic DIP
MAX223C/D 0°C to +70°C Dice” MAX233ACWP 0°C to +70°C 20 Wide SO
MAX223EAl -40°C to +85°C 28 SSOP MAX233AEPP -40°C to +85°C 20 Plastic DIP
MAX223EW! -40°C to +85°C 28 Wide SO MAX233AEWP -40°C to +85°C 20 Wide SO
MAX225CWI 0°C to +70°C 28 Wide SO MAX234CPE 0°C to +70°C 16 Plastic DIP
MAXZ225EWI -40°C to +85°C 28 Wide SO MAX234CWE 0°C to +70°C 16 Wide SO
MAX230CPP 0°C to +70°C 20 Plastic DIP MAX234C/D 0°C to +70°C Dice*
MAX230CWP 0°C to +70°C 20 Wide SO MAX234EPE -40°C to +85°C 16 Plastic DIP
MAX230C/D 0°C to +70°C Dice* MAX234EWE -40°C to +85°C 16 Wide SO
MAX230EPP -40°C to +85°C 20 Plastic DIP MAX234EJE -40°C to +85°C 16 CERDIP
MAX230EWP -40°C to +85°C 20 Wide SO MAX234MJE -65°C to +125°C 16 CERDIP
MAX230EJP -40°C to +85°C 20 CERDIP MAX235CPG 0°C to +70°C 24 Wide Plastic DIP
MAX230MJP -66°C to +125°C 20 CERDIP MAX235EPG -40°C to +85°C 24 Wide Plastic DIP
MAX231CPD 0°C to +70°C 14 Plastic DIP MAX235EDG -40°C to +85°C 24 Ceramic SB
MAX231CWE 0°C to +70°C 16 Wide SO MAX235MDG -55°C to +125°C 24 Ceramic SB
MAX231CJD 0°Cto +70°C 14 CERDIP MAX236CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX231C/D 0°C to +70°C Dice” MAX236CWG 0°C to +70°C 24 Wide SO
MAX231EPD -40°C to +85°C 14 Plastic DIP MAX236C/D 0°C t0 +70°C Dice*
MAX231EWE -40°C to +85°C 16 Wide SO MAX236ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX231EJD -40°C to +85°C 14 CERDIP MAX236EWG -40°C to +85°C 24 Wide 80
MAX231MJD -55°C to +125°C 14 CERDIP MAX236ERG -40°C to +85°C 24 Narrow CERDIP
MAX232CPE 0°C to +70°C 16 Plastic DIP MAX236MRG -55°C to +125°C 24 Narrow CERDIP
MAX232CSE 0°C to +70°C 16 Narrow SO MAX237CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX232CWE 0°C to +70°C 16 Wide SO MAX237CWG 0°C to +70°C 24 Wide SO
MAX232C/D 0°C to +70°C Dice* MAX237C/D 0°C to +70°C Dice*
MAX232EPE -40°C to +85°C 16 Plastic DIP MAX237ENG -40°C to +85°C 24 Narrow Plastic BIP
MAX232ESE -40°C to +85°C 16 Narrow SO MAX237EWG -40°C to +85°C 24 Wide SO
MAX232EWE -40°C to +85°C 16 Wide SO MAX237ERG -40°C to +85°C 24 Narrow CERDIP
MAX232EJE -40°C to +85°C 16 CERDIP MAX237MRG -55°C to +125°C 24 Narrow CERDIP
MAX232MJE -55°C to +125°C 16 CERDIP MAX238CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX232MLP -55°C to +125°C 20LCC MAX238CWG 0°C to +70°C 24 Wide SO
MAX232ACPE 0°C to +70°C 16 Plastic DIP MAX238C/D 0°C to +70°C Dice*
MAX232ACSE 0°C to +70°C 16 Narrow SO MAX238ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX232ACWE 0°Cto +70°C 16 Wide SO * Contact factory for dice specifications.
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Drivers/Receivers
Ordering Information {continued)

PART TEMP.RANGE  PIN-PACKAGE MAX243CPE 0°C to +70°C 16 Plastic DIP
MAX238EWG -40°C to +85°C 24 Wide SO MAX243CSE 0°C to +70°C 16 Narrow SO
MAX238ERG -40°C 1o +85°C 24 Narrow CERDIP MAX243CWE 0°C to +70°C 16 Wide SO
MAX238MRG -55°C to +125°C 24 Narrow CERDIP MAX243GC/D 0°C to +70°C Dice”
MAX239CNG 0°C to +70°C 24 Narrow Plastic DIP MAX243EPE -40°C to +85°C 16 Plastic DIP
MAX239CWG 0°C to +70°C 24 Wide SO MAX243ESE -40°C to +85°C 16 Narrow SO
MAX239C/D 0°C to +70°C Dice* MAX243EWE -40°C to +85°C 16 Wide SO
MAX239ENG -40°C to +85°C 24 Narrow Plastic DIP MAX243EJE -40°C to +85°C 16 CERDIP
MAX239EWG -40°C to +85°C 24 Wide SO MAX243MJE -55°C 10 +125°C 16 CERDIP
MAX239ERG -40°C to +85°C 24 Narrow CERDIP MAX244CQH 0°C to +70°C 44 PLCC
MAX239MRG -55°C10 +125°C 24 Narrow CERDIP MAX244C/D 0°C to +70°C Dice*
MAX240CMH 0°C to +70°C 44 Plastic FP MAX244EQH -40°C 10 +85°C 44 PLCC
MAX240C/D 0°C to +70°C Dice* MAX245CPL 0°C to +70°C 40 Plastic DIP
MAX241CA| 0°C to +70°C 28 SSOP MAX245C/D 0°C to +70°C Dice*
MAX241CWI 0°C to +70°C 28 Wide SO MAX245EPL -40°C to +85°C 40 Plastic DIP
MAX241C/D 0°C to +70°C Dice* MAX246CPL 0°C to +70°C 40 Plastic DIP
MAX241EAI -40°C 10 +85°C 28 SSOP MAX246C/0 0°C to +70°C Dice*
MAX241EWI -40°C 10 +85°C 28 Wide SO MAX246EPL -40°C to +85°C 40 Plastic DIP
MAX242CAP 0°C to +70°C 20 SSOP MAX247CPL 0°C to +70°C 40 Plastic DIP
MAX242CPN 0°C to +70°C 18 Plastic DIP MAX247C/D 0°C to +70°C Dice*
MAX242CWN 0°C to +70°C 18 Wide SO MAX247EPL -40°C to +85°C 40 Plastic DIP
MAX242C/D 0°C to +70°C Dice* MAX248CQH 0°C to +70°C 44 PLCC
MAX242EPN -40°C to +85°C 18 Plastic DIP MAX248C/D 0°C to +70°C Dice*
MAX242EWN -40°C to +85°C 18 Wide SO MAX248EQH -40°C to +85°C 44 PLCC
MAX242EJN -40°C to +85°C 18 CERDIP MAX249CQH 0°C to +70°C 44 PLCC
MAX242MJN -55°C to +125°C 18 CERDIP MAX249EQH -40°C to +85°C 44 PLCC

* Contact factory for dice specifications.

Maxim cannot assume responsibility for use of any circuitry other than circuilry entirely embodied in & Maxim product. No circuit palent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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