MICROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

« PIC16FaT3 = PIC16F8TE
« PIC16FaT4 = PIC16FaT?

Microcontroller Core Features:

High performance RISC CPU
Oy 35 single word instructions to leam
Al single cycle instructions except for program
branches which are two cycle
Operating speed: DC - 20 MHz dock input

DE - 200 ns instruction cycle
Up to 8K x 14 wonds of FLASH Program Memory,
Up fo 388 x 8 bytes of Data Memory (RAM)
Up to 256 x B bytes of EEFROM Data Memory
Pinout compatible o the PIC16CT3B/T4BTETT
Internupt capability (up to 14 sources)
Eight level deep hardware stack
Direct, indirect and relative addressing modes
Power-on Resst (POR)
Power-up Timer (PWRT) and
Oacillator Start-up Timer (OS5T)
‘Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation
Programmable code protection
Power saving SLEEF mode
Selectable oscillator options
Low power, high speed CMOS FLASHEEPROM
technology
Fully static design
In-Circuit Serial Programming™ (IC5P) via two
pina
Single 5V In-Cincuit Serial Programming capability
In-Clircuit Debuwgging via two pins
Processor readfwrite Sccess to program memory
‘Wide operating voltage range: 2.0V 1o 5.5V
High SinksSowrce Current: 25 mA
Commercial, Industrial and Extended temperature
rangEs
Low-power consurmption:
- =« 0UB mA typical @ 3V, 4 MHz
- 20 pA typlcal @ 3V, 32 kHz
- =1 pA typical standby current
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Peripheral Features:

= Timen: 8-bit timerfcownter with 8-bit prescaler

= Timeri: 16-bit timer/counter with prescaler,
can be incremented during SLEEF via external
crystaliclock

= Timer2: 8-bit timerfcownter with 8-bit period
regisier, prescaler and postscaler

= Two Capture, Compare, FWM modules
- Capture is 16-bit, max. resolution s 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWH max. resolution is 10-bit

= 10-bit multi-channel Analog-to-Digital comeerter

= Synchronous Serial Port (S5P) with SPI (Master
mode) and PC™ [MasterSlave)

* Universal Synchronous Asynchronows Recefver
Transmitter (USARTISCI) with 9-bit address
Oetection

+ Parallel Slave Port (PSP B-bits wide, with
external RD, WR and C5 controls (40/44-pin only)

* Brown-out detection circuitry fior
Brown-out Reset (BOR)
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Pin Diagrams
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Key Features
PIC® MCU Mid-Range Reference PIC16FET3 PIC16FaT4 PIC16FETE PIC16FETT
Manual (D533023)
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz D - 20 MHz
RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, O5T) (FWRT, OET) (PWRT, O5T) (PWRT, DET)
FLASH Program hMem:
{14-rbuﬂgwnms.;| ory K 4K 8K 8K
Data Memory (bytes) 142 1682 363 368
EEPROM Data Memory 128 128 256 286
Intermupts 13 14 13 14
1D Ports Ports & 8,C Forts A,B.C.0.E Ports A,B.C Pors &4 B,C,DE
Timers 3 3 3 3
CapturetCompara/PWhA Modules 2 2 2 2
Seral Communicatons MSSF USART | MSSP USART | MSSP USART | MSSP USART
Parallel Communications —_ PSP — PSP
10-bit Analog-io-Digital Module 5 input channels | B input channels | 5 input channels | & input channels
Instruction Sat 35 instructions | 35 instructions | 35 instructions | 35 instrectons

PIC16F87X

1.0 DEVICE OVERVIEW

This document contsins device spedific information.
Aaditional information may be found in the PIC® MCU
Mid-Range Reference Manual (DS533023), which may
e obtained from your local Microchip Sales Represen-
tetive or downloaded from the Microchip website. The
Reference Manual should be considered a complemen-
tary document io this data sheet, and is highly recom-
mended reading for a betier understanding of the device
architecture and operation of the peripheral modules.

There are four devices (PIC1GFBT3, PIC1GFET4,
PIC16F8TE and PIC16FBTT) covered by this data
sheet. The PIC1GFETGMETI devices come in 28-pin
packages and the PIC16FETTIET4 devices come in
40-pin packages. The Parallel Slave Port i3 not
implemented on the 28-pin devices.

The following device block diagrams are sorfed 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: PIC16FBT3 AND PIC16FETE BLOCK DIAGRAM
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Mot 1o Higher order bits are from the STATLES register.

FIGURE 1-2: PIC16FBT4 AND PIC16FETT BLOCK DIAGRAM
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TABLE 1-1: PIC16FET2 AND PIC16FBTE PINOUT DESCRIPTION
DiP SOIC NP Buffer .
Pin Name Pink Pi Type Type Description
QSCUCLEKIN ] a | STICMOSP! | Dscillabor crystal inputfexismal cloc sauree inpul.
QSCHCLKOUT 10 10 ] -— Oscillabor arystal outpul. Conmects 1o arystal or resonator in
crystal oscill stor mode. In RC mode, the OSC2 pin oulputs
CLEOUT which has 1M the frequency of OSC1, and denobas
the irstruclion cycle rate.
MCLRAPF 1 1 P 3T Istaster Clear (Retel) input or programming woltage input. This
pin i& an active [ow RESET fa the dewics.
PORTA is a bi=directional FO port.
RADAND 2 2 Lk TTL Rl can also be aralog inputd.
RATTAMNA 1 3 LAk TTL Rl can also be aralog inputl.
RAANZNREF- q 4 ] TTL RAZ can also be aralog inpul2 or negative analog
reference vollage.
RAAIANINREF+ ] ] Lk TTL RAZ can also be aralog inputd or posilive arsalog
reference vollage.
RAATOCKI & -] LD aT RAd can alse be the clock input bo the Timend
module. Output is open drain bype.
RASISEIANL 7 7 Ts] TTL RAE can alse be araleg inpuld of he save select
for the synchmonous senal port.
PORTE iz a bi-dinsctioral 110 pant. PORTE can be software
programmed for internal weak pullsup on all inputs.
REOANT 1 1 ] TTLsET RIB0 can also be the external inlsmupl pin.
REN 22 ] T TTL
RE2 23 23 LD TTL
REAPGM 24 24 ] TTL RIB3 can also be the low vollage pragramming npul.
RB4 25 25 LAk TTL Interrupl-on=changs pin.
RES 26 26 ] TTL Interruplson=change pin.
REBAPGC 27 21 LA TTLETE Intermupl-on=change pin or In=Circuit Debugger pim. Serial
programming clock.
RETPGD 28 8 LAk TTLETE Interruplon=changs pin or In=Circuit Debugger pm. Serial
programeming data.
PORTC is & bi-directional VO port.
RCOT10S0T1CEI 11 1 Lo a7 RCO can also be the Timer osdllater output or Timer1
dack input.
RCUT10SUCCR2 12 12 L] 1) RC1 can also be the Timer! oscilster input or Caplure?
nputCompara2 cultputPiWih2 outpul.
RCHOCP 13 13 LAk 8T RC2 can also be the Capharel mpuliCompana 1 autpull
PRI output.
RCHSCKISCL 14 14 Lo 5T RCE can also be e synchronous serial dock inpulfoutput
for bath 5P| and 150 modes.
RCA/SDWE0A 16 15 L] a7 RC4 can alko be the SP1 Data In (2P mode) o
data V0 (120 made).
RCS/SD0 16 16 L] 1) RCS can also be the SP1 Data Out (SP1mode).
RCETCK 17 17 Lo 8T RCE can also be the USART Asynchronous Transmit o
Synchranous Clock.
RCTRXDOT 18 18 L] 1) RCT can also be the USART Asynchronous Recene o
Synchronous Data.
Wag B, 149 8,19 P — Ground reference for lagic and 110 pins.
VDo 20 20 P -— Puositive supply for logic and U0 pins.
Legend: | = input O = output 1D = irputioutput P = poswer
== Nat used TTL = TTL irpudt ST = Schmitl Trigger input

Mate 1: This buffer iz a Schmitt Trigger inpul when corfigured as the sxiermal inbarupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming made.
¥ This buffer is a Schmilt Trigger input when corfigured in RC ascillalor mode and a CMOS input obherwiss.
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TABLE 1-2: PIC16FET4 AND PIC18FBETT PINOUT DESCRIPTION
DiP PLCC aFp | WP Buffer
Pin Namsa pind | Pine Ping | Type Type Description
OSCUCLKIN 13 14 30 | e e erystal imputiexiernal clock souree irput.
OSCHCLKOUT 14 15 3 L] -— Osgll ator crystal outpul. Connects 1o erystal or resorsabor
in crystal oscillator mode. In RC mode, OSC2 pin outputs
CLEOUT whach has 14 e frequency of O5C1, and
denodes the instruction cycle rate.
MCLRAPE 1 2 18 P 8T Mazier Clear (Resat) input ar programming voltages inpul.
This pin is an active low RESET b the device.
PORTA iz a bi-dinsctioral 11D parl.
FAOramD 2 3 18 O] TTL RAD can alen be analog inputl.
RATAR 3 4 20 [La] TTL RAT can alsd be analog inpull.
RAMANZNVREF 4 -] 21 [Le] TTL RAZ can alsn be analog inpul? or negative
analog reference valtage.
RAVANINREF+ -1 ] 22 [Le] TTL RAS can alsn be analog inputd or positive
analog reference valtage.
RAATOCKI <] 7 23 [Ls] BT R4 can aleo be the dock input to the TimerD timer
courter. Outpul is open drain type.
RASESIANS T a 24 sl TTL RAS caan aben be analng inpuld o the slave select far
the synchronous serial port.
PORTE is & bisdirectional V0 port. PORTE can be saft-
wiare programmed for infermal weak pull-up on all inguts.
REANT 1% 38 i 1 TTLET RED can sisn be the exiemal inerupt pin.
RE1 M a7 ] o] TTL
RE2 a5 38 10 O] TTL
REAPGM K5} 3L 1 (4] TTL RES can albd be the low volkage programming inpul.
RE4 ar 41 14 1 TTL Interrupi=drechange pin.
RBS & 42 16 (L] TTL Inerrupt=ore-change pin.
REEPGC kL) 43 18 M) TTLSTH Iniesrupl-erchange pin ar InCircuil Debugger pin.
Seral programming clodk.
RETFGD 40 44 17 I TTLSTH Iniesruplstrechange pin ar InCircuit Debugger pin.
Seral programmirg data.
Legend: | = input 0 = putput 1Dy = irpuitioutput P = poser
- = Wil used TTL = TTL iripud ST = Schimitt Tragges irnput

Maote 1: This buffer is a Schmilt Trigger input when configured as an external intemugl.
Z: This buffer i a Schmilt Trigger input when used in Serial Programming mode.
¥ This buffer i& a Schmilt Trigger input when configured as general purposs B0 and a TTL input when ussd in the Parallal
Slave Port mode (for inlerfacing to 3 microprocessor bus).
4: This buffer is a Schmilt Trigger input when configured in RC ascilliaior mode ard a CMOS input olherwiss.
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TABLE 1-2: PIC16FET4 AND PIC16FETT PINOUT DESCRIPTION (CONTINUED)
oif | PLCce | aFp | wop Buffer
Pin Hame Pind | Ping Pin¥ | Type Type Description
PORTC is a bidirectional B0 pon.
RCHNTIOSOUTICKI | 15 18 az I a7 RO can alss be the Times1 escillabor cutput or 2
Timer1 clock input.
RCAMIOSICCP2 16 18 38 ] g7 RC1 can also be the Timer! escillator input or
Caplure? inputiCompane? outputPW2 output.
RCHCCP1 ir 1% 36 I a7 RC2 ean alss be the Caplurel inpublCamgpare 1
Butpub/PW output
RCHSCKISCL 18 20 a7 I 5T RC3 ean ales be the synehranous sarial clock inputf
output for both SP1 and 150 modes.
RCAISDISIA % 5 42 I 5T R4 can also be the SPI Data In (SP1 mode) of
data 10 10 mode).
RCESD0 4 8 43 I 5T RCE can alse be the SP1 Data Cut (SP1 mode).
RCETHICK % 27 4 I 5T RCE can also be the USART Asynchronous Transmit
or Synchranous Clodk.
RCTIFUTT 2 8 i I 5T R:7 can alse be the USART Asynchronous Recsive
or Synchranous Data.
PORTD i a bidirectional WO por or parallel slave par
when interfacing o a microprocessor bus.
ROWNPEPD 19 b 38 I STITTL
ROWPSP1 0 z2 ag I STITTLH
RO PSP 3 3 40 I STITTLM
ROXNPEP3 i 24 41 I STITTL
ROHPSPY i an 2 I STITTLH
ROSPSPE % 1 3 I STITTLM
ROGPEFE i 3z 4 I STITTL™
ROTIPSPT 0 33 5 I STTTL
PORTE i a bi-directional U0 poe.
REQURLVANS B 9 26 I STITTLH RED can abso be resd cantrol for e parallel shave
port, ar analog inputs.
RE 1ANFIAME g i 26 I STITTLH RE1 can absn be wiite cantral for the parallel skave
port, or analog inpub.
REZTEIANT 0 i1 27 I STTTL REZ can alsa be select control for the parallel shave
port, ar analog input?.
[ 1231 1334 | 629 [ - Graund reference for logic and VO pins.
Voo 11,3 1235 | 7.8 [ - Positive supply for lagic and W10 pire.
MC — 1,17,28, | 12,13, — These pins are nol internally connected. These pins
L] 33,34 should be el unconneched.
Legend: | = input O = gutput Dy = irputioutput P = poswer
= = Nat used TTL = TTL input 5T = Schmitt Trigger input

Maoge 1: This buffer is a Schmitt Trigger input when corfigured as an external intemgl.
2: This buffer is a Schmilt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when corfigured as general purpose B0 and a TTL input when usad in the Parallsl
Slawve Parl mods {for inlerfacing 1o 8 micraprocesser bus).
4: This buffer is a Schmitt Trigger input when corfigured in RC asciliaior mode and a CMOS inpul olferwise.
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2.0 MEMORY ORGANIZATION

There are three memory blocks in each of the
PIC16FETY MCUs. The Program Memory and Drata
Memory have separate buses so that concurrent
@Ccoess can oocur and is detailed in this section. The
EEFROM data memaory block is detailed in Section 4.0

Additional information on device memaory may be found
in the PIC® MCU Mid-Range Reference Manual,
(D533023).

FIGURE 2-1: PIC16FETTIBTE PROGRAM
MEMORY MAP AND
STACK
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24 Program Memory Organization

The PIC16FBTX devices hawe a 13-bit program counter
capable of addressing an BK x 14 program memory
space. The PIC1GFETTIETE devices have BK x 14
words of FLASH program memory, and the
PIC16FET3aT4 devices have 4K x 14. Accessing a
location above the physically implemented address will
cause & wrapanund.

The RESET vector is at 0000h and the interrupt vector
is &t O004h.

PIC16FBTAETI PROGRAM
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FIGURE 2-2:
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22 Data Memory Organization

The data memory is parfitioned into multiple banks
which contain the General Purpose Registers and the
Special Function Registers. Bits RP1 (STATUS<8=>)
and RPO (STATUS<5>) are the bank select bits.

Each bank extends up to TFh (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 Specdial
Function Registers. Some frequently used Spedal
Function Registers from one bank may be mirmored in
another bank for code reduction and quicker access.

Note: EEPROM Data Memory description can be

fownd in Section 4.0 of this data sheet.

RF1:RFD Bank
7] [1]
[i]] 1
10 2
" 3

221 GEMERAL PURPOSE REGISTER
FILE

The resgister file can be accessed either directly, or indi-
recily through the File Select Register (FSR).
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15.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings t

Ambient temperature under biss....... ... e meenee 00 1D #125°C
\oltage on any pin with respect 1o Va5 (except Voo, MELR 0.3V to (Voo + 0.3 V)
‘ioltage on VoD with respect to V&S 0300 +T5V
\inltage on MCLR with respect to V55 (Note 2) OSSN | '+ 20 I BT}
‘Woltage on RA« with respect to Ves S SRSS—— | . R - AT

Total power dissipation (Note 1) SRS 1 1, |
Maximum cument into Voo pin . e enen e en e e e ecemeeme S TR
Input clamp current, lik (¥ < 0.0or Vi = Vioo) + 20 ma&
Owitput clamp current, loe (Vo < 0 or Via > Vob) + 20 mA
Maximum output current sunk by any WO pin ——.1, T
Maximum output current souwrced by amy 1O pin ... eeeeneeeneneeee 25 A
Maximum cument sunk by PORTA, PORTE, and PORTE (combined) (Mote 3) .- SNSRI 1 1 I ¥
Maximum cument sourced by PORTA, PORTE. and PORTE (combined) (Note 3] 200 mA
Maximum cument sunk by PORTC and PORTD (combined) (Note 3) ... 200 mA
Maximum cument sourced by PORTC and PORTD (combined) (Mote 3] e 200 A

Mote 1: Power dissipation is calculated as follows: Pdis = Voo x {loo - £ lad} = E {(Voo - 'I.ﬂ.‘.H:I x Icn-l} + "'_['u'm = haL)
2: \oltage spikes below VES at the MCLR pin, inducing currents greater than 80 m H%GEUEE latch-up.
Thus, a series resistor of 50-1000 should be used when applying & “low” level to the pin, rather than

pulling this pin directly to V&s.

3 PORTD and PORTE are not implemented on PIC16FBT3/87E devices.

1 NOTICE: Stresses above those listed under "Absolute Maximum Ratings® may cause permanant damage o the
device. This is a siress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation kstings of this specification is not implied. Exposwre to maximum rating conditions for
extended perods may affect device refisbility.




