MICROCHIP

PIC16F8X

18-pin Flash/EEPROM 8-Bit Microcontrollers

Devices Included in this Data Sheet:

« PIC16FE3

« PIC16Fa4

« PIC18CRE3

« PIC18CARS4

« Extended voltage range devices availabls
(PIC16LFEX, PIC16LCREX)

High Performance RISC CPU Features:

« Oy 35 single word instructions to leam
= Allinstructions single cycle except for program
branches which ane two-cycle

= Operating speed: DC - 10 MHz clock input
DC - 400 ns instruction cycle

Pragram Data |Data Max.
Device | Memary RAM |EEPROM |Freq
wards) (bytes) | (bytes) | (MHz)

PIC1GFE3 | 512 Flash 10

PICIEFA4 |1 K Flash 10

PIC1GCRAEY | 512 ROM 10

e 2"
ElERE

PICIECRES |1 K ROM 10

* 1d-bit wide instructions

+ B-bit wide date path

15 special function hardware registers
Eight-level desp hardware stack

Direct, indirect and relative addressing modes
Four interrupt sources:

- External REQANT pin

- TMRD timer ovarflow

- PORTB<T:4 intermupt on change

- Data EEPROM write complete

1000 erasefwrite cycles Flash program memaory
= 10,000,000 erasafwrite cycles EEPROM data mem-
ary

EEPROM Data Retention = 40 years
Peripheral Featuras:

= 13 /O pins with individual direction controd

= High current sinkfsource for direct LED drive
- 25 mA sink max. per pin
- 20 mA source Max. per pin

« TMRAD: B-bit imerfcounter with 8-bit
programmable prescealer

Pin Diagrams
PDIPF, SOIC
RAZ == []-1 - 18] =—= Ra1
FA3 —=[] 2 17 [ == R
RAAMTOCK] +—[]3 5. 9 #6[]+— OSCUCLKIN

WMol —=[4 @ O 5[]— oscacwouT

vss—=[5 gqx +#[d=—voo

ABDANT +—= [ & :E 13[] +— RET

RE1 =+—=[] 7 ﬂ 12 [] +—= REE

REZ =—=[]B 11 []=—= RES

RrE3 —=[ 8 0~ RBs

Special Microcontroller Features:

= In-Circuit Serial Programming (ICSP™) - via two
pins (ROM devices support only Data EEPRIOM
programming)

= Power-on Resat (POR)

= Power-up Timer (FWRT)

= Dscillator Start-up Timer (O5T)

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

= Code-protection

= Power saving SLEEP mode

= Selectable oscillator options

CMOS Flash/EEPROM Technology:

= Low-power, high-speed technology
= Fully atatic design
= Wide operating voltage range:
- Commercial: 2.0V o 6.0V
- Ineduestrial: 2.0V o 5.0V
= Low power consumplion:
- <2 mA typical @ 5V, 4 MHz
- 15 pA typlcal & 2V, 32 kHz
- < 1 pA typical standby current & 2V
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1.0 GEMERAL DESCRIPTION

The PIC16FBX is a group in the PIC16CXX family of
low-cost. high-performance, CMOS, fully-static. 8-bit
microcontrollers. This group contains the following
devices:

= PIC16F83
= PIC16F84
= PIC16CRES
« PIC18CRE4

All FIC® microcontroliers employ an advanced RISC
architecture. PIC16FEX devices have enhanced core
featuras, eight-level deep stack, and multiple internal
amnd external Interrupt sources. The separate
instruction and data buses of the Harvard erchitecture
allow & 14-bit wide instruction word with & separate
E-bit wide data bus. The two stage instruction pipeline
allows all instructions to execute in a single cycle,
except for progam branches (which require two
cycles). A total of 35 instructions (reduced instruction
set) are avallable. Additionally, a large register sat s
uwsed 1o achleve a very high perfiormance level.

PIC16FaX microcontrollens typically achieve a 2:1 code
compression and up 10 3 4:1 speed improvement (at 20
MHz) ower other 8-bit microcontrollers in their class.

The PIC16FEX has up to 68 bytes of RAM, 64 bytes of
Data EEPRCOM memaory, and 13 LA pins. A imercoun-
ter ks atan available.

The PIC16CXX family has special features 1o reduce
external componenis, thus reducing cost, enhancing
gystem reliability and reducing power consumption.
There are four oacillator options. of which the single pin
RC oscillator provides a low-cost solution, the LP
ocacillalor minimizes power consurmpton, XT k8 &
standard crystal, and the HS is for High Speed crystals.
The SLEEP (power-down) mode offers power saving.
The user can wake the chip from sleep through several
extarnal and internal intemupts and resets.

A highly reliable Watchdog Timer with its own on-chip
RC escillator provides protection against software lock-
up

The devices with Flash program memary allow the
same device package to be used for prototyping and
production.  In-circuit  reprogrammability  allows  the
code to be updated without the device being removed
from the end application. This s useful in the
development of many applications where the device
may not be easily accessible, but the prototypes may
reqguire code updates. This is also wseful for remate

applications where the code may need 1o be updated
(such as rate information ).

Table 1-1 lists the features of the PIC16FEX. A simpli-
fied block disgram of the PIC16FBX s shown in
Figure 3-1.

The PIC16FBX fits perdectly in applications ranging
from high speed sutomotive and appliance motor
conitrol to kow-power remaote senaors, electronic locks,
sacurity devices and smart cards. The Flash/EEPROM
technology makes customization of application
programs (transmitter codes. mofor speeds, recalver
frequencies. security codes, eic.) extremely fast and
conwvenient. The small footprint packeges make this
microcontroller series perfect for all applications with
space  limitations. Low-cost,  low-power,  high
performance, ease-of-use and VO flexibility make the
PIC16FEX wery versatile even in areas where no
microconfroller use has been considered before
(e.g., imer functions: seral communication; capiure,
compare and PWM funciions: and co-processor
applications).

The seral in-aystem programming feature (via two
pins) offers flexdbility of customizing the product after
complete assembly and testing. This feature can be
used to serlalize a product, store calibration data, or
program the device with the cument firmware before

shipping.
1.1 Family and Upward Compatibil

Those wsers familiar with the PIC16C5X family of
microconirollers will realize that this is an enhanced
version of the PIC18CSX architecture. Please refer o
Appendix A for a detalled list of enhancements. Code
written for PIC16C5X devices can be easily ported to
PIC16FEX devices (Appendix B).

1.2 Development Su rt

The PIC16CKX tamily s supported by a full-eatured
macro assembler, a software simulator, an in-circuit
emulator, & low-cost development programmer and a
fulHeatured programmer. A “C° compller and fuzzy
logic support tools are also available.
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TABLE 11

oLl Tl Timer Moduleds)

PIC16FBX FAMILY OF DEVICES
Mandmum Frequency 10 10 10 10
af Operation {MHz)
Flash Program Memory Bz - 1K -
EEPROM Program Memany - - - -
Memory RO Prrogram Memony - B12 - 1K
Data Memory (bytes) 23 23 &a (]
Data EEFROM (bytes) 1] [ M) [X]
TMRAD THIRGD THMRAD TMRAD
Intermupl Sources 4 Fl 4 4
YO Pins 13 13 13 13
2 LTS '/ ollage Fange (Vialts) 2.0-8.0 2.0-8.0 2.0-8.0 2.0-6.0
Packages 18-pin DIP, 18-pin DHP, 18-pin DIP, 18-pin DIP,
S0NC S0IC S0IC SOIC

AN PICE Family devices have Power-on Reset, selectable YWalchdog Timer, selectable code protect and high 00 current capabiliby.

Al PIC1EFRY Family devicas use saial programming with dlack pin RBE and data pin RB7.
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2.0 PIC16F8X DEVICE VARIETIES

A wariety of frequency ranges and packaging options
are available. Depending on application and production
reqguirements the proper device oplion can be selecied
using the information in this section. When placing
orders, please wse the “PIC16FBX Product
Identification Systern®™ at the back of this data sheet to
specily the comect part number.

There are four device “types® as indicated In the device
number.

1. F, &8 in PIC16F84. These devices have Flash
program memory and operate over the standard
voltage ramge.

2. LF asin PIC16LFB4. These devices have Flash
program memary and operate over an extended
voltage range.

3 CR, as in PIC16CRB3. These devices have
ROM program memory and operate over the
standard voltage range.

4. LCR, as in PIC16LCR34. These devices have
ROM program memory and operate over an
extended voltage range.

‘When discussing memory maps and other architectural

features, the use of F and CR alao implies the LF and

LCR versions.

24 Flash Devices

These devices are offered in the lower cost plastic
package, even though the device can be eresed and
reprogrammed. This allows the same device to be used
for prototype development and pilot programs as well
a8 producion.

A further advantage of the elecirically-erasable Flash
version is that i can be erased and reprogrammed in-
circuit, or by device programmers, such as Microchip's
PICSTART® Plus or PRO MATE™ Il programmiers.

2.2 Quick-Turnaround-Production (QTP)
Devices

Microchip offers & QTP Programming Service for
tactory production orders. This service I8 made
awvallable for users who choose not fo program a
medium 12 high guantity of unite and whose code
patterns have stabilized. The devices have all Flash
locations and configuration options slready pro-
grammed by the faciory. Certain code and prototype
verification procedures do apply before production
shipments are available.

For information on submitting a QTP code, please
contact your Microchip Regional Sales Office.

23 Serialized Quick-Turnaround-

. 5 ) Deyi
Microchip offers the unique programming service
where a few user-defined locations in each device are
programmed with difierent serial numbers. The seral
numbers may be random. pseudo-random
or sequential.
Serial programming allows each device 1o have a
unique number which can serve a3 an entry-code,
password or ID number.
For information on submiting & SQTP code, pleasa
contact your Microchip Reglonal Sales Office.

2.4 BOM Devices

Some of Microchip's devices have a comesponding
device where the program memory s a ROM. Thesa
devices give a cost savings over Microchip's traditional
user programmed devices (EPROM, EEPROM).

ROM devices (PIC16CREX) do not allow seralization
Information in the program memory space. The user
may program this inlormation into the Data EEPROM.

For information on submitting & ROM code, pleasa
contact your Microchip Reglonal Sales Office.
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PIC16CKX devices contain an 8-bit ALU and working
regigter. The ALU is a general purpose arithmeatic unit
It performs arithmetic and Boolean functions between
data in the warking register and any register file.

The ALU is 8-bits wide and capable of addition,
gubtraction, shift and logical operations. Unless
otherwise mentioned, arithmetic operationa are two's
complement in nature. In fwo-operand instructions.
typically one operand is the working register
(W register), and the other operand Is & file register or
an immediate constant. In single operand instructions,
the operand is eithar the W register or & file register.

FIGURE 3-1: PIC16FBX BLOCK DIAGRAM

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

Dependng on the instruction executed, the ALU may
affect the values of the Carry (C), Digit Carry (DC), and
Zero (Z) bits in the STATUS register. The C and DC bits
operate 85 & Domow and digit bomow out bit,
respectively, in subtraction. See the sUBLW and SUBWE
Instructions for examples.

A simplified block diagram for the PIC16F8X is shown
in Figure 3-1. its corresponding pin description s
shown in Table 3-1.
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TABLE 3-1 PIC16FBX PINOUT DESCRIPTION
Pin Mame E::I S'E:C g B.I.l:: Description
OSC1CLKIN 16 18 I |sTicmos ™ |oscilator crystal inputlextermal cleck saurce input.
OSCHCLEOUT 18 18 o] - Oiscillator crystal outpul. Connects io arystal or resonator in crystal
ascillzior mode. In AIC made, OSC2 pin outputs CLKOUT which has
144 the frequency of OS5C1, and denobes the instruction cyde rate.
MCLA 4 4 P aT Masier dear (resat) inputfprogramming voltage input. This pin is an
active low reset 1o the devics.
POATA is a bi-directonal VO port.
R 17 17 WD TTL
RA1 18 8 o L
RAZ 1 1 L8] TTL
RA3 2 2 [Le] TTL
RALTOCK] 3 3 o] BT Can also be selecied o be the dodk input ta the TMAD mer
courter. Output is open drain typa.
POATE is a bi-directional O port. POATE can be softeane pro-
grammed for intemal weak pull-up an all inputs.
ABOINT & & o TTLET ABOINT can also be selecied as an exiemal interupt pin.
RE1 7 7 o] TIL
RE2 -} -} D TTL
RB3 ] ] L8] TTL
RB4 10 10 L] TTL Inbarrupt on change pin
RE5 1 11 ] TTL Intermupt on change pin.
RBE 12 12 W0 TTLST & Inberrupt on change pin. Serial programming cladk.
RET 13 13 L] TTLET @ Inberrupt on change pin. Serial pragramming data.
Vas ] ] P - (Ground refarence far lagic and 110 pins.
VDo 14 14 P - Pasitive supply for logic and 0 pins.
Legend: = input 0 = output VD = InputfCiutpu P = power
— = Mat used TTL = TTL inpunt ST = Schmitl Trigger input

Mate 1: This bulfer is & Schmift Triggper input when configured as the exdermal inbarmupt.
2 This bufier is a Schmitt Tegger input when used in s rial programming mode.
& This bufier is a Schmiltt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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31 Clocking Scheme/instruction Cycle

The chock input (from ©SC1) s imtemally divided by
four to generate four non-overdapping guadrature
clocks mamely O1, Q2. O3 and C4. Internally, the
prograrm counter (PC) Is incremented every O1, the
imstruction s fetched from the program memory and
laiched into the instruction register in Q4. The
instruction s decoded and execuled duwring the
following O throwgh Q4. The clocks and instruction
exacution flow is shown in Figure 3-2.

FIGURE 3-2: CLOCK/ANSTRUCTION CYCLE

3.2 1 ion Flow/Pigelini

An “Instruction Cycle® consists of four O cycles (O1,
02, 33 and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle
whie decode and execute takes another instruction
cycle. However, due to the pipelining. each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g., GoTO)
then two cycles are reguined 1o complats the instruction
(Example 3-1).

A fetch cycle begins with the Program Counter (PC)
Incrementing in 1.

Im the execution cycle, the fetched instruction ks latched
inta the “Instruction Register® in cyclke O1. This
instruction is then decoded and executed during the
G2, 43, and Q4 cycles. Data memaory is read during Q2
(operand read) and written during CM (destinetion
wiile).
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EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW

. MOVLW 55h Fetch 1 Execute 1

MOVHF PORTE Fetch 2

Execute 2

CRLL ES08_1

Fetch 3

Execute 3

o T

B3P PORTA, BIT3

All instructions are single cycle, except for any program branches. These take two cycles since the fetch
inatruction is flushed” from the pipeline while the new instruction is being fetched and then executed.

Fetch 4 Flush
Fatch SUB_1| Execue SUB_1 |
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4.0 MEMORY ORGANIZATION

There are two memory blocks in the PIC16FBX. These
are the program memeory and the data memory. Each
block has its own bus, so that Bccess to each block can
occur during the same oscillator cycle.

The data memory can further be broken down into the
general purpose RAM and the Special Funciion
Registers (5FRs). The operation of the SFRs that
control the “core® are described here. The SFRs used
o control the peripheral modules are described in the
section discussing each individual peripharal module.

The data memory eree also containg the data
EEPROM memarny. This memory is not directly mapped
inio the data memory, but i3 ndrectly mapped. That is.
an indirect address painter specifies the address of the
data EEFROM memory 1o readwrite. The 64 byles of
data EEPROM memory have the address range
0h-3Fh. More details on the EEPROM memary can be
fourd in Section 7.0.

4.1 Program Memory Organization

The PIC16FX has a 13-bit program counter capable
of addressing an 8K x 14 program memory space. For
the PIC16FB3 and PIC16CRE3, the first 512 x 14
(0DD0h-01FFh)  are physically  implemented
(Figure 4-1}. For the PIC16F84 and PKC16CRBA4, the
first 1K = 14 [(0OO0K-03FFR) are physically imple-
mented (Figure 4-2). Accessing a location sbove the
physically implemented address will cause a wrap-
around. For example, for the PIC16FB4 locations 20h,
420h, 820h, C20h, 10300, 14200, 18200, and 1C20h
will be the same ingtrection.

The resat vector is at 0000h and the interrupt vector is
at 0.

User Momary
Space

FIGURE 4-1: PROGRAM MEMORY MAP
ANDSTACK -PIC16F83/CRB3
[ Pl 20w ]
CALL, RETURH 13
RETFIE, RETLW =
Stack Level 1
Stack Level 8
T Flesel Viectar h
= Peripheral Inberrupt Wector | ooodh
o
B3
=
& "
8 —
=
- 1FFh
1FFFR
FIGURE 4-2: PROGRAM MEMORY MAP
ANDSTACK -PIC16FB4/CRB4
[ Pl 20w ]
CALL, RETURH 1 13,
RETFIE, RETLW I
Stack Level 1
Stack Level 8
T Flesel Viectar h

Peripheral Inberrupt Wector | ooodh
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4.2 Data Memory Organization

The data memaory Is partiiionad into two areas. The first
s the Special Function Registers (SFR) area, while the
second s the General Purpose Reglsters (GPR) area
The SFRs control the operation of the device.

Portions of data memary are banked. This is for bath
the SFR area and the GFR area. The GFR area is
banked to allow greater than 116 bytes of general
purpose RAM. The banked areas of the SFR are for the
regigters that control the peripheral functions. Banking
requires the wse of control bits for bank selection.
These control bits are kocated in the STATUS Register.
Figure 4-1 and Figure 4-2 show the data memory map
onganizetion.

Instructions MOVWF and MOVF can move walues from
the W register to any location in the register file (*F7).
and wice-versa.

The entire data memory can be accessed sither
directly using the absolute address of each register file
af indirectly through the File Select Register (FSR)
(Section 4.5). Indirect addressing uses the present
value of the RP1:RPD bits for eccess into the banked
areas of data memary

Data memory is partitioned into two banks which
contain the general purpose registers and the special
function registers. Bank 0 is selected by clearing the
RPO bit (STATUS<5=). Setting the RPO bit selects Bank
1. Each Bank extends up 1o 7Fh {128 bytes). The first
twelve locations of each Bank are reserved for the
Special Function Registers. The remainder are Gen-
eral Purpose Registers implemented as static RAM.

421 GENERAL PURPOSE REGISTER FILE

All devices hawe some amount of General Purpose
Regiater (GPR) area. Each GPR s B bits wide and
accessed elther directly or indirectly through the FSR
[Section 4.5).

The GPR addresses in bank 1 are mapped 1o
eddresses in bank 0. As an example, addressing loca-
tion OCh or 8Ch will access the same GPR.

422 SPECIAL FUNCTION REGISTERS

The Special Function Registers (Figure 4-1, Figure 4-2
and Table 4-1) are used by the CPU and Perpheral
functions to control the device operation. These
registers are static AAM.

The special function registers can be clasaified into two
sats. core and peripheral. Those associated with the
core funcilons are described in this section. Those
related to the operation of the peripheral features ara
described in the section for that specific feature.

PIC16F8X

FIGURE 4-1: REGISTER FILE MAP - FIGURE 4-2: REGISTER FILE MAFP -
PIC16FB3/CREB3 PIC16FB4/CRB4
File Addiress Fie Address File Addrass File Address
00h | Indirect addr (") | Indirect addr M | fok a0k | Indirect addr 1} | Indirect adde!") | Bk
o1h TMPD OPTION &ih ik TR OPTION Bih
o2h PCL PCL a2h azh PCL PCL B2h
03h STRTUS STATUS &3 a3k STATUS STRTUS B3h
04h FSR FSR B4 4h FSR FSA B4h
05h POHTA TRISA 85h ash PORTA TRISA B5h
ik PORTE TRISE fih aih POATE TRISE Bih
o7h &Th amh &Th
0dh EEDWTA EECON1 £ aeh EEDMTA EECON1 Bk
Dh EEADA EECON0! B ash EEADR EECONZT #ah
ik PCLATH PCLATH B aAh PCLATH PCLATH BAh
0Bh INTCON INTCOM fi= 08k INTCON INTCON BBk
ach ACh och BCh
%
General Mapped
Purpaze (acoasses)
istars in Bank O (=]
{ ] Ganaral Mapped
F‘LIP'D\!-H [Eunc,umsl
2Fh AFh s in Bank 0
aoh Bih
M
— | . 4Fh CFh
e T 500 Dok
— — 9
-
—
7Fh FFh TFh \| FFh
Bank 0 Bari 1 Banik O Bank 1

O Unimplemented data memary locasion; read as '

Hole 1:

Mot & physical register.

O Unimplemerned data memary location; read as '0'.

HNate 1:

Mot a physical register.
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4221  STATUS REGISTER

The STATUS register contains the arthmetic status of
the ALL, the RESET status and the bank select bit for
dala memaory.

Aa with any register, the STATUS register can be the
destination for any instruction. If the STATUS register s
the destination for an instruction that affects the Z, OC
of C bits, then the write to these three bits s disablad.
These bits are sat or cleared according to device logic.
Furthermore, the TO and PD bils are not writable.
Therefore, the result of an instruction with the STATUS

Only the BoF, BSF, SWAFF and MOVWE instructions
should be used to alter the STATUS register (Table 9-2)
because these instructions do not affect any status bit.

Mote 1: The IRP and AP bits (STATUS<7:6=) are
not used by the PIC16FEX and should be
programmed & cleared. Uise of these bits
es general purpose RAW bits is NOT
recommendsd, since thie may affect
upward compatibility with future products.

Mote 2: The C and DC bits operate as a borrow
end digit bomow out bit, respectively, in

TABLE 4-1 REGISTER FILE SUMMARY

Valueon | Value on al
Agddress | Kames B 7 [-1.8-] Bit5 Bit 4 Bit 3 Bit 2 Bit 1 [ ] Poriaf=om oihier resels

Reset [Mode3)
Bank 0
aoh INIDF Uses contenis of FER W addrass data memory (nof a physical egistary | ceee meen | e —omn
oih THIRD il rasadstimee clookiooin bar xxex xxXX | worou oo
2h FiCL Lo oidar & bits of the Frogram Counlar (FC) pogD Dood | oDDOo oooo
1ah smrus™ [ wr | mmi | s | T [ | z [ oo | © | osen swe | ooog qem
odh FER Iradinecs data meamcery address pointar O XXX EXXE | woOu woOu
&h [FORTA -_ -_ - AAATOCE] RA3 A2 RA&d R&D ——— XXX u oo
CEh PORTE a7 RBE RES AE4 RE3 FE2 RE1 FBONT | xxxx xzxx | woou woau
oth Urimplemenied location, sead s | e e | e meen
C8h EEDATH EEFROM dat regisiar Zanx xExx | woou woou
ih EEADR EEFROM addness rugisher xxXX xxXXX | womu womu
0&h FCLATH - - = | VWeite bubier lor uppser 5 bits of tha B () —--0 D000 0 @000
=T ITCON GIE | EBE TORE wiE | mEE | Tor | NTF | REF | oooo ooe= | coon ooou
Bank 1
Edh INDF Usas contents of FER w addrass dala memory (fod a physical egistary =0 | =-es seen | meee meee
sih orTion- ﬁ| INTEI:IE| TOCE | TosE | PEA | P52 | PE1 | L B B
&2h FCL Low ordar & bits of Frogram Countar {FC) 0000 0000 | 000D GODO0
&3h smrus® | e | AR | FFO | o | Fo | z | oC | c 0091 lzxx | oD0g gwau
&dh FER Iradinect data memory address poinsar O xx=x xxxxE | woou woou
E5h TRISA = [ = [ = [PonTAdmxa ducicn ngsier ---1 1111 1 1111
&&h TRIEE FORTE data direcilon regisier 1111 1111 | 1111 1111
&Th Urimpkmanied location, read as | —oem comn | cmem —omm
&8h EECONM! = | =] =] e=F [wrers| wesn | wr | AD —--D =000 0 goon
Eih EECONMZ | EEFROM conirl sogisier 2 fnofaphysicalengisiest 0000 | e ceee | e e
0&h FCLATH - - = | VWeite bubier lor uppser 5 bits of tha B () —--0 D000 0 @000
=T ITCON GIE | EBE TORE wiE | mEE | Tor | NTF | REF | oooo ooe= | coon ooou

[

: = unknown, 1 = unchanged. « = unimplemented read as 0, g = valus depends on condition.
: The upper byle of the program counter is nod directly accessible. PCLATH is a slave register for PCal 28 The contents

af PCLATH can be transferred 1o the upper byte of the program counier, but the contents of PC<12:8w is never tansierned

o PCLATH.

. The TO and P status bits in the STATUS regisier are not affiecied by a MCLH reset.
: Oither (non pawer-up) resets inchude: exbernal reset through MCLR and the Waitchdog Timer Reset.

subiraction. See the SUBLW and SUBWE
Instructions for exarmples.

MNote 3: When the STATUS register s the
destingtion for an instruction that affects
the Z, DG or C bits, then the write 1o thess
thres bits is disabled. The specified bit(s)
will be updated according to device logic

register a8 destination may be different than intended.

For example, cLEF STATUS will clear the upper-thres
bits and set the Z bit.  This leaves the STATUS register

88 000u uluu (where u = unchanged).

FIGURE 4-1: STATUS REGISTER (ADDRESS 03h, 83h)
) A B-1 BMex B :
IRP AP1 AP | | [ 2z T oe | & A = Readable bit
BilT b | W o= Wiritable bit
U = Unimplemented b,
read as 0
-n = Yale at POA resel

bit 71  IRP: Register Bank Select bit (used for indirect addressing)
0 =Bank 0, 1 (000 - FFh)
1 = Bank 2, 3 (100h - 1FFh)
The IRP bit i= not used by the PIC16FEX. IRP should be maintained chear.

bit 6-5: RP1:RPO: Register Bank Select bits (wsed for direct addresaing)

00 = Bank O {30h - 7Fh)

01 = Bark 1 {B0h - FFh)

10 = Bank 2 (100K - 17Fh)

11 = Bank 3 (180h - 1FFh)

Each bank is 128 byles. Only bit RPO is used by the PIC16F8X. AP should be maintained clear.
bit 4 TO: Time-out bit

1 = After pwer-up, CLEWDT Instruction, or SLEEP ingtruction

0 =A WDT time-out occured

bit 3= FD: Power-down bit
1 = After power-up of by the CLEWDT instruction
0 = By execution of the SLEEF instruction
bit 2= Z: Zero bit
1 = The result of an arithmetic or logic operation is zeno
0 = The result of an arithmetic or logic operation is not zero

pit 1:  DC: Digit carry/borrow bit (for ApoWe and ADDLW instructions) {For bormow the polarity is reversed)
1 = A carry-out from the 4th low order bit of the reault occurred
0 = Mo canry-out from the d4th low order bit of the result

bit & ©: Carrybormow bit (for ACTWF and ADDLW Instructions)
1 = A carry-out from the most significant bit of the result accurred
0 = Mo camry-out from the most aignificant bit of the result occurred
Maote:For borrow the polarity is reversed. A subtraction is executed by adding the two's complement of
the second operand. For rotate (RRE, RLF) instructions, this bit is loaded with either the high or low
order bit of the source register.
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4222  OPTION_REG REGISTER

Mote: When the prescaler & assigned to
The OFTION_REG register is a readabla and writable the WDT (PSA = 1), TMRO has a 1:1

register which contains varous control bits to configure prescaler assignmant.
the TMROMWDT prescaler, the external INT interrupt.
TMRDO, and the weak pull-ups on PORTE.
FIGURE 4-1: OPTION_REG REGISTER (ADDRESS 81h)
A1 FW-1 RUW-1 RU-1 Rfw-1 A-1 RW-1 RW-1
FEPO [INTEDG [ Tocs | TosE | psa [ Ps2 | Ps1 [ PS0 | [A = Aeadable bit
BilT hitg | = 'Writable bit
U = Unimplemenied bit,
read as 0"
-n = Yalue at POR reset

bit7:  RBPU: PORTE Pull-up Enable bit
1 = PORTE pull-ups are disabled
0 = PORTE pull-ups are enabled (by individual port laich values)

bit 62 INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of REOANT pin
0 = Interrupt on falling edge of RBAIMT pin
bit 50 TOCS: TMRO Clock Source Select bit
1 = Transition on RAATOCK] pin
0 = Internal instruction cycle clock (CLKOUT)
bit 4: TOSE: TMRO Source Edge Select bit
1 = Incremenit on high-to-low transition on RAATOCK] pin
0 = Increment on low-to-high trensition on RA4TOCK pin
bit 3:  PSA: Prescaler Assignment bit
1 = Prescaler assigned to the WDT
0 = Prescaler assigned to TMRO

bit 2-0c P52:PS0: Prescaler Rate Select bits
Bit Value TMADAale WDT Rate

non 1
Dol 1
T 1
D1l 1:
100 i
101 1
110 1
111 1

zhzes

D128

i
1
1
1:
1
i
1
: 286 1
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4223 INTCOM REGISTER

The INTCOM register is a readable and writable
register which containg the various enable bits for all
inerupt sources.

Interrupt flag bits get set when an interrupt
condition occurs regardless of the state of
ita comesponding enable bit or the global
enable bit, GIE (INTCON<T=).

FIGURE 4-1: INTCOM REGISTER (ADDRESS 0Bh, 8Bh)

R0 RaW-0 R0 R0 ] AM-0 RAW-0

A=

GIE EEIE TOlE MTE | ABIE | ToF | WTF | REF | [A = Readabie bit

bl

bit7:  GIE: Global interrupt Enable [bit
1 = Enables &ll un-masked interrupts

0 = Disables all interrupts

bit 62 EEIE: EE Write Complate Interrupt Enable bit
1 = Enables the EE write complete interrupt
0 = Disables the EE write complete internupt

bit 50 TOIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRD irternuept
0 = Disables the TMAD intemupt
bit 4 INTE: RBOVINT Intemupt Enable bit
1 = Enables the RBOANT intermupt
0 = Disables the RBOYINT intannupt
bit 3: RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port chamge interrupt
0 = Disables the AB port change interrupt
bit 2=  TOIF: TMRO overflow interrupt flag bit
1 = TMRO has overflowed (must be cleared in software)
0 = TMRO did not overflow
bit 1:  INTF: RBO/INT Interrupt Flag bit
1 = The RBOVNT internupt occurmed
0 = The RBOVNT internupt did nof occur

bit & RBIF: RB Port Change Intermupt Flag bit

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

Maote: For the operation of the interrupt structure, please refer to Section 8.5.

1 = When at least one of the RBT:RB4 pins changed state {must be cleared in software)

biag  |W = 'Writable bit

U = Unimplemeanied bit,
read as 0"

-n_=Valus at POA resst
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4.3 Program Counter: PCL and PCLATH

The Program Counter (PC) s 13-bits wide. The low
byte s the PCL repgister, which Is a readable and
writable register. The high byie of the PC (PC=12:8=) &
maot directly readable nor writeble and comes from the
PCLATH register. The PCLATH (PC latch high) register
is & holding register for PC<12:8=. The contents of
PCLATH are fransierred to the upper byte of the
program counter when the PC is loaded with a new
value. This occurs during & CALL, GOTA or a write to
PCL. The high bits of PC are loaded from PCLATH as
shown in Figure 4-1.

FIGURE 4-1: LOADING OF PCIN
DIFFERENT SITUATIONS

12 BT 5]
IET with PCY
P | meksl

PCLATH=# 8
H E AL rasult

PCLATH
PCH FCL

12 1110 &8 7 0

L[ |
FC i ST, CRIL

o [ PCLaTHed= L 11

Opcoda «10:0
PCLATH

431 COMPUTED GOTO

A computed GOTO |s accomplished by adding an offset
1o the program counter (ADDWF  FCL). When doing &
table read using a computed GOTO method, care should
Ibe exercised if the teble location crosses a PCL memary
boundary (each 256 word block). Reder 1o the application
mote Tmplementing & Thhie Resd™ (AMSSE).

432 PROGRAM MEMORY PAGING

The PIC16F&3 and PIC186CRES have 512 words of pro-
gram memory. The PIC16FB4 and PIC16CRB4 have
1K of program memony. The CALL and GATO instruc-
tions hawe an 11-bit address range. This 11-bit address
range allows a branch within a 2K program memory
page size. For future PIC16FEX program memory
expansion, there must be another two bits 1o specify
the program memory page. These paging bits come
from the PCLATH<d4:3> bits (Figure 4-1). When doing &
CALL OF & 3073 instruction, the user must ensure that
these page bits (PCLATH<d:3>) are programmed to
the desired program memory page. f a caLL instruc-
tion {or interrupt} is executed. the entire 13-bit PC is
“pushed” onto the stack (see next section). Therafore,

manipulation of the PCLATH<4:3= Is not required for
the retum instructions (which “pops” the PC from the
stack).

Maote:  The PIC16FaX ignores the PCLATH=4:3=
bita, which are used for program memany
pages 1. 2 and 3 (0800 - 1FFFh). The
use of PCLATH<4:3> as general purposs
AMV bits is not recommended since this
may affect upward compatibility with
future products.

4.4 Stack

The PIC16FXX has an B deep x 13-bit wide hardware
stack (Figure 4-1). The stack space Is not part of either
program of data space and the stack pointer is not
readable or writable.

The entire 13-bit PC is “pushed® onto the stack when a
CALL Instruction s executed or an intermupt is acknowl-
edged. The stack iz “popped” in the ewent of a
RETURN, RETLW Or 8 RETFIE instruction execufion.
PCLATH is not effected by & push or & pop operation

MNote: There are no instruction mnemonics
called push or pop. These are actions that
occur from the execution of the caLn,
RETURN, RETLW, and RETFIE instruc-
tions, or the wectoring 1o an inberrupt
address.

The stack operates s a circular buffer. That s, after the

stack has been pushed eight times, the ninth push ower-

writes thi value that was stored from the first push. The
tenth push overwriies the second push (and so on)

If the stack Iz effectively popped nine times, the PC
value s the same as the value from the first pop.

Mote: Thers are no status bits to indicate stack
overflow or steck underfiow conditions.

PIC16F8X

4.5 Indirect Addressing: INDF and FS8
Begisters

The INDF register s not a physical register. Address-
ing INDF actuslly eddresses the register whose
address s contained in the FSR register (FSR s &
paintsr). This is indirect addressing.

EXAMPLE 4-1: INDIRECT ADDRESSING

« Register file 05 contains the valua 10h

Register file 08 contains the value 0Ah

Load the value 05 into the FSA register

A read of the INDF register will return the value of
10h

= Increment the value of the FSR register by one
(F5R = DE)

A read of the INDF register now will return the
value of DAh.

Reading INDF itsalf indirectly (FSR = 0) will produce
0. Writing to the INDF register indirectly results in a
no-operation (although STATUS bits may be affected).

FIGURE 4-1: DIRECT/INDIRECT ADDRESSING

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

EXAMPLE 4-2: HOW TO CLEAR RAM
USING INDIRECT

ADDRESSING
movle 0xZ0 initialize pointer
movrwl  FER i b REM
HEXT elet INDF ;clear THDF regiater
e FER iine pointaer

btfss FER,4 ;all done?
goto HEET B0, clear naext
CONTINUE
E sYES, continua
An effective 9-bit address |s obtained by concatenating
the &-bit FSR register and the IRP bit (STATUS<7>). as
shown in Figure 4-1. However, IRP Is not wsed in the
PIC1EFEX.

Dvirect Addressing
RP1RPO [ from oocode i}

Indirect Addressing
T [F5R) [i]

IRP
] CITTTTTT]
m.

salect location select

1a 11 J

00 ol
Atk Ok
mot usesd | not used
oeh |
GcH
Acddresses
Diata 2ERf [ ______ gy Bl
Memary @ aph (1) i Bank 0
4Fh &
Eih 19
TFh TFh

Bari O Bank 1

Hole 1: PICT6FS3 and PIC1GCAED devices.
2 PIC1EF4 and PICT1BCABA devices:
& For memary map detail see Figure 4-1.

Bank 2 Bank 3
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50 VO PORTS

The PIC1G6FBX has two ports, PORTA and PORTE.
Some port ping are multiplexed with an alternate func-
tion for ather features on the devica.

5.1 PORTA and TRISA Registers

PORTA is & 5-bit wide latch. RA4 ks & Schmift Trigger
input and an open drain cutput. All other RA port pins
have TTL input levels and full CMOS output drivera. All
ping have data direction bits {TRIS registers) which can
configure these pins as owlput or input.

Setting & TRISA bit (=1) will make the comesponding
PORTA pin an input, l.e., put the corresponding output
driver in a hiHmpedance mode. Clearing a TRISA bit
(=0} will make the coresponding PORTA pin an output.
iLe., put the contents of the output latch on the selected
jpin.

Reading the POATA register reads the status of the pins
whereas writing to it will write 1o the port latch. All write
operations are read-modify-write operations. So a write
1o & port implies that the port pins are first read, then this
value ks modified and written to the port data latch.

The RA4 pin s multiplexed with the TMAD clock input.

FIGURE 51: BLOCK DIAGRAM OF PINS
RA3:RAD
Duata
bus
D Q
WA VioD
Fart | CcK 0 '|_ \
—
Data Laich . —&
- 1O pin
— I a
‘WR Wag
TRIS —
— K -0
TRIS Latch ™
. irgpwt K7
—
|F|i3 TRIZ
1 o o —
|
EM
AD POAT > _‘
Mabe: W0 pins hawe proteclion diodes to VDD and Vss.

EXAMPLE 5-1:

CLRF POETA

ESF STKTOS, EFD

INITIALIZING PORTA

; Initialize PORTA by
; aettcing owtpuat
; data latchas

; Select Bank 1

MOVLE OxdF r Valua uaad to
; indclalize data
; direction
MOVHF TRISA 7 Sat RA<3:0> aa lnputs
; RAd4 as sutputa
; TRISA:<7:5> are always
; raad ag ‘0.
FIGURE 5-2: BLOCK DIAGRAM OF PIN RA4
Drata
bus o a
= R
PORT =
cH-3 - 4
(L HE |
Diats Laich
Wgs
— D =]
WR
RIS ceia |
Schmitt "
TRIS Laich Trigger ', (]
bufer
RO TRIS
g — D
EM
AD PORT [ —|
A e
1
TR clock input
Mote: WD pin has profection diodes o VES anly.
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TABLE 5-1 FPORTA FUNCTIONS
Name BitD Buffer Type Function
RAD bitd TTL Input/output
RA1 bt TTL Input/output
RAZ bitz TTL Input/output
RA3 bit3 TTL Input/output
RAATOCKI bitd 8T Inputioutput or extemal clock input for TMRO.
Output is open drain type.

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

TABLE 5-2 SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value
Address | Hame Bit7 | Bits | Bws Bit 4 Bit3 Bitz | Br1 | Bro H;'w:‘t\-‘:)l:l ol o
N FORTA = = — | Aaamoca | meas RAZ | AA1 | FAAD | -z waex | ---n e
&5h TRISA = = = TRISAY | TRIEA3 | TRISAZ | TRISA1 | TAIBAD | ---1 1111 | ---1 1111

Legend: x = unknown, u = unchanged, = = unimplemenited read as 1. Shaded cslls are unimplemented, read as 'O
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532 PORTE and TRISE Registers

PORTE is an &-hit wide bi-directional port. The
corrasponding data direction register is TRISBE. A '1'on
any bit in the TRISE register puts the comesponding
output driver in & hi-impedance mode. A 0° on any bit
in the TRISE register puls the contents of the output
laich on the selected pin(s).

Each of the PORTE pins have a weak internal pull-up.
A gingle control bit can turn on all the pull-ups. This Is
done by clearing the RBPU (OPTION_REG<T=) bit
The weak pull-up is automatically tumed off when the
port pin is configured as an output The pull-ups are
disabled on & Power-on Reset.

Four of POATE's pina, RET:RB4, have an intarrupt on
change feature. Only pins configured as inputs can
cause this interrupt 1o occur (iLe., any RBT:RB4 pin
configured as an output is excluded from the intermupt
on change comparson). The ping value in input mode
are compared with the old value latched on the last
read of PORTE. The “mismaich” outputs of the pins are
OR'ed together 1o generate the KRB pon
change interrupt.

This intermupt can wake the device from SLEER The
user, In the interrupt service routine, can clear the
Irterrupt in the following manner:

8) Read (or write) PORTE. This will end the mis-
maich condition.

b} Clearflag bit RBIF.

A mismatch condition will continue 1o set the RBIF bit.
Reading PORTE will end the mismatch condition, and
allow the RBIF bit to be cleared.

This interrupt on mismatch feature, together with
sottware configurable pull-ups on these four pins allow
easy interface o & key pad and make it possible for
wake-up on key-depression (see AMNSSZ in the
Embedded Conirol Handbook).

Mote 1: For a change on the 1D pin to be
recognized, the pulse width must be at

least Tey (4fasc) wide.

FIGURE 53: BLOCK DIAGRAM OF PINS
RET:RB4
Soo
FEPT . E—
| [ moiip
—— Dam Laick
o a > (]
WR Port o T DIIIE"
TRIS Laigh
D 2]
Bufier

m;;s Laich

'|-1 a o
RD Font N
S0t FEIF —i.
" From ather [=
RE7-RE4 prs -t - o o
EN
AD Fort

Mofa 1: TRESH = 1" enablos weak pullup
(il AEF = ' i tha OFTION_AES regisian.

2= 1D pins have dicda protacion o Voo and Vss.,

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

FIGURE 5-4: BLOCK DIAGRAM OF PINS
RB3:RBO
Voo
T . ek
—{ e
Diarla Lasch
Daia bus — I~ ]
WH Fort exy ot
TRIS! aich
—
1o o m I
— o || ERY
[ -.-_
AD ;Ea
]_] a o}l—
AD Fort N
J
REDANT ] e
m%’ RD Fort
Notg 1: TRISE = 1" enables waak pullup
it FEPU = T in the OFTION_REG ragisr).
2: WO pires havv cliodi pentection b Voo and Vss.
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EXAMPLE 5-1: INITIALIZING PORTB

CLEF PORTE

BEF STATUS,
MOVLE  OxCF

MOWHF TRISE

; Initialize PORTE by
; @stting output
; data lacches
BP0 ; Selact EBank 1
s Value uvsed to
; initialize data
; direction
; Set EB:3:0> as inputsa
; EB<S5:4d> as ouwtputs
; BE<7:6> as inputa

TABLE 5-3 PORTE FUMCTIONS
Hame Bit Bufter Type 1'0 Consistency Function

RBO/ANT bitd TTLETF | inputloutput pin or external interrupt input. internal software
programmabie weak pull-up.

RE1 bit1 TTL Inputfoutput pin. Intermnal software programmable weak pull-up.

RE2 bit2 TTL Inputfoutput pin. Internal sofbware programmable weak pull-up.

RE3 bit3 TTL Inputfoutput pin. Internal sofbware programmable weak pull-up.

RE4 bit4 TTL Inputfoutput pin (with interrupt on change). Internal software programmable
weak pull-up.

RES bits TTL Inputfoutput pin (with interrupt on change). Internal software programmable
weak pull-up.

RBE bits TTLSTEY | Inpast'output pin (with interrupt on change). Internal software programmable
weak pull-up. Seral programrming clock.

RET bit? TTLETEF | Inputoutput pin (with interrupt on change). Internal software programmable
weak pull-up. Seral programming data.

Legend: TTL =TTL input, 5T = Schmitt Trigger.

Mote 1: This bufler is a Schmitt Trigger input when configured as the extemnal interrupt.
2 This bufier is a Schmitt Trigger input when used in sarial programming mode.

TABLE 5-4 SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Value on
Address | Mame Bit7 | Bis | ems Eatd Btz | BEz | Bm1 | B0 | Poweson | VAMEenal
ather resets
Reset
en FORTE FET | RBE | FEBS RBE B3 REZ | RE1 | ABOANT | sme sms | wums mums
h TRISE TAIEET | TRIEEE | TRISES | TRISEY | TRISS3 | TAISEZ | TRISEM | TRISBO | a11: 1111 | 1111 1111
2th oroon. | mern | eiens | Tocs ToSE PSA pEz PE1 L e

Legend: x = unkniown, 1 = unchanged. Shaded cells are nol used by PORTE.
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53 IO Programming Considerations
531  BI-DIRECTIONAL VO PORTS

Any instruction which wriles. operates internally as a
read followed by a write operation. The BCF and BSF
imatructions, for example, read the register into the
CPU, execute the bit operation and write the result back
to the register. Caution must be wsed when these
inatructions are applied to & port with both inputs and
oulputs defined. For example, a 85F operation on bits
of PORTE will cause all eight bits of PORTE 1o be read
into the CPU. Then the BSF operation takes place on
bit5 and PORTE s written to the oulput laiches. If
amother bit of PORTE is wsed as a bi-directional WO pin
(L., bitd) and it iz defined as an input at this time, the
input signal present on the pin iself would be read into
the CPLU and rewritten to the data latch of this particular
jpin, overwriting the previous content. As long as the pin
stays in the input mode, no problem occurs. However, It
bt is switched into cutput mode later on, the content
of the data latch is unkmnown.

Reading the port register, reads the values of the port
pina. Writing 1o the port register writes the value o the
port latch. When using read-modify-write instructions
(Le., BcF, BSF, eic.) on a port, the value of the port
ping Is read, the desired operation ks done to this value,
amd this value is then writien 1o the port latch.

A pin actively outputting a Low or High should not be
driven from extemnal devices at the same time in order
1o change the level on this pin (*wired-or*_ *wired-and™).
The resulting high output cument mey damage the chip.

FIGURE 55: SUCCESSIVE 'O OPERATION

532 SUCCESSIVE OPERATIONS ON 1O
PORTS

The actual write to an 1®0 port happens at the end of an
Instruction cycle, wheraas for reading. the data must be
valid at the beginning of the instruction cyce
{Figure 5-5). Therelore, care must be exercised i a
write followed by a read operation ks camied out on the
same U0 port. The sequence of instructions should be
such that the pin voltage stabilizes (load dependent)
before the next instruction which causes that file to be
read into the CPU Is executed. Othenataa, the previous
state of that pin may be read into the CPU rather than
the new state. When in doubt, it is befter 1o separate
these Instructions with & woP or another instruction not
accessing this A0 port

Example 5-1 shows the effect of two sequental

read-maodify-write instructions (e.g.. BCF, BSE etc)on
&n WO port.

EXAMPLE 5-1: READ-MODIFY-WRITE
INSTRUCTIONS ON AN
1I'0 PORT

;Initial PORT sattings: PORTB<T7:4- Inputa

H PORTB=3:0= Outputs

;PORTE<T: 6> have extarnal pull-ups ard are

;oot connected Co other circuitry

P PORT lateh PORT pdna

BCF PORTE, 7 ; 0lpp pEE 11pp BEE
BCF PORTE, & : lipp pee 11pp BER
BIF STATOS, REO

BCF TRISE, 7 : l0pp peE 11pp BEE
BCF TRISE, & ; lipp pee 10pp BEE

;Hote that the wser may have axpected tha
;pin walues to be 00pp ppp. The 2nd BOF
;oaused RET to be lacched as the pdn value
;inighl.

;01| 02| 03| 04 01| Q2] O3] Q4; 01} 02| Q3| 04 01| 02| O3] 04]  Mote:
PO O {-c 7S I W T }{ FO+3 +  This example shows a wite io POATE
'"m1.:h“ ' MOVHE FORTE MOV FORTEW © | : 1 lolowed by a read from PORTE.
wriie Ao ' ' 1 MOP ' MOP '
. I . ¢ Hole tat:
. . - . .
FETRE0 | : - - data setup time = (0.26Tcy - Teo)
X ' : !F\mpln X i where TCY = instruction cycke
: : ' , . TPD = propagation deky
' ' 1 ' 1
Insirucsian © ! Im: ' - ! Therefore, 2t higher clock irequencies,
esculed | . —_— . ' awrite folicwed by a read may be prob-
. L wile b o X lemnatic.
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6.0 TIMERO MODULE AND TMRO
REGISTER

The Timerd module Smenfcounter has the following
features:

* B-bit imer/counter

* Readable and writable

= B-bit software programmable prescaler

* Internal or external clock select

* Intermupt on overflow from FFh to 00h

= Edge select for external clock

Timer mode s selecied by clearing the TOCS bit
(OPTION_REG<5=). In imer made, the Timerd mod-
ule (Figure 6-1) will increment every instruction cycle
(without prescaler). if the TMIRO register is written, the
increment (s inhibited for the following two cycles
(Figure &-2 and Figure 6-3). The user can work around
this by writing an adjusted value to the TMRO register.

Counter mode s selected by setting the TOCS bit
(OFTION_REG<5=). In this mode TMRO will incremeant
either on every rsing or falling edge of pin RA4TOCKL
The incrementing edge is determined by the TO source

FIGURE &1: TMR0 BLOCK DIAGRAM

edge select bit, TOSE (OPTION_REG=4=). Clearning bit
ToSE selects the rising edge. Resfrictions on the exter-
nal clock input are discussed in detall in Section 6.2

The prescaler is shared between the Timerd Module
and the Watchdog Timer. The prascaler assignment is
confrolled, in software, by control b PSA
[OPTIOMN_REG<3~). Clearing bit PSA will azsign the
prescaler 1o the Timerd Module. The prescaler s not
readable or writable. When the prescaler (Section 6.3)
Is assigned to the Timend Madule, the prescele value
(1:2, 1:4, ..., 1:256) is software selectable.

6.1 MB0 Interrupt

The TMAD interrupt is generated when the TMRAD
register overflows from FFh to 00h. This overflow sats
the TOIF bit (INTCOM<2=). The interrupt can be
masked by clearing enable bit TOIE (INTCOM<5=). The
ToIF bit must be cleared in software by the Timerd
Module interrupt service routine before re-enabling this
Irterrupt. The TMRO intermupt (Figure 6-4) cannot wake
the processor from SLEEP since the timer is shut off
during SLEER

Foscid

S
|
RAATOCKI |_ff'l—-”

pin
ToSE

ToCE

Drata bus
4
G with
docks
(2 eycle delay)
Sed bit TOIF
P& on

PE2, PE1, PSD

Mote 1: Bits TOCS, TOSE, PS2, PS1, PS0 and PSA are located in the OPTION_REG repister.
2: The prescaler ks shared with the Watchdog Timer (Figure 6-5)

FIGURE 82: TMRO TIMING: INTERNAL CLOCK/NO PRESCALER

r.'|1|m-|r:|::|r:|4 o ||| o4 o | 32 |om] e r:n|m-|r:|:|m 1‘.'|||1:'|z|r.'|:|ﬂ4 m|m|m|m o1 | ez | e | e | o2 || e

(R 1 P r P ;| Pz | ey | L2 g [y : [y |
Iniruchon ! 'Mﬁh'mnmw'm TRRIOW mwfhnu.w'nmf Tnmw'mmw' .
O | S W R P [T I S S A R S . \ '

| \ ' \ \ \ \ \ '

1 1 1 T 1 T 1 T 1 1 1 * 1 1 1

; | | ' | | | | | '
r——— . . V owrks TMRO | Fesd TMAO | Fesd TMAD | ResaTro | Fesd TNAO | faesd TR |
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FIGURE &-3:

TMRO TIMING: INTERNAL CLOCK/PRESCALE 1:2

1| |oa| es) 01| Gz s o4 o | o2 | s o4 o | o2 o] o4, on [ oe o | os e | oo |oa] oe 1| az) cal e o | oo o o
1 1 ] 1 1 '

Plad [

Ples [ (J= 4 H

1
|
i
L T8
1

1 1
=1 [} BT | el | Plsz [} PCsa |
1
1

WO WE ThF | RO mw:m-ﬂm.w'mrm.w VIO TR, | MO TR |

L]

i

- Tl W
, , ,

' | WenTMAD | MessTMAO | Paad TWRD )
— -

! o WTEst N
' ' 1
boorp o
Pt WA ' Flasd THFD | Plasd TWRD |
macts MO raacts WO s WTD + 1

FIGURE 6-4: TMRO INTERRUPT TIMING
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6.2 Using TMRO with External Clock

‘When an external clock input is used for TMRO, it must
mest certain  reguirements. The edemal clock
requirement |s due 1o internal phase clock (Tosc)
gsynchronization. Also, there Is a delay in the aciual
incrementing  of the TMRO register  after
synchronization.

621 EXTERNAL CLOCK SYMCHROMIZATION

‘When no prescaler is used, the extemnal clock input is
the same as the prescaler output. The synchronization
of pin RAATOCK] with the internal phase clocks is
accomplished by sampling the prescaler output on the
@2 and Q4 cycles of the internal phase clocks
(Figure &-5). Therafore, it is necessary for TOCKI to be
high for &t least 2Tose (plus a small RC delay) and low
for at least 2Tosc (plus a small RC delay). Refer to the
electrical specification of the desired device.

‘When a prescaler is used, the exiernal clock input is
divided by an asynchronous rpple counter type
prescaler so that the prescaler output ks symmetrical.
For the exemal clock to meet the sampling
requirement, the ripple counter must be teken into
account. Therefore, it is necessary for TOCK] 1o have &
peried of at least 4Tosc (plus a small RC delay) dvided
by the prescaler value. The only requirement on TOCKI
high and low time ks tha! they do not violate the
minimuwm pulse width requirement of 10 ns. Reler to
paameters 40, 41 and 42 in the AC Electrical
Speciiications of the desired devica.

6.22 TMRAO INCREMENT DELAY

Since the prescaler output s synchronized with the
internal clocks, there is & small deley from the time the
external clock edge occurs to the time the Timerd
Module i3 actually incremented. Figure 6-5 shows the
deley from the exemal cock edge to the timer
Incremerting.

6.3 Prescaler

An &-bit counter ks evellable as a prescaler for the
Timer0 Module, or a2 a postecaler for the \Watkchdog
Timer (Figure 6-6). For simplicity, this counter is being
referred to as “prescaler” throughout this data sheet.
Naoite that there is only one prescaler evailable which is
mutually exclusive betweean the Timerd Module and the
Watchdog Timer. Thus, a prescaler assignment for the
Timerd Module means that there is no prescaler for the
Watchdog Timer, and vice-versa.

The PSA and PS2PS0 bits (OPTION_REG<3:0=)
detenmine the prescaler assignment and prescals ratio.

When assigned to the Timerd Module, all instructions
writing to the Timerd Module (e.g., CLEF 1, MOVHF
1, BsF 1,x ...edc) will clear the prescaler. When
asaigned o WDT, & cLRWDT Instrection will cear the
prescaler elong with the Watchdog Timer. The
prescaler is mot readable or writable.



