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MICROCHIP

PIC16F627A/628A/648A

18-pin Flash-Based, 8-Bit CM OS Microcontrollers
with nanoWatt Technology

High-Performance RISC CPU:

« Operating speeds from DC — 20 MHz
« Interrupt capability
» 8-level deep hardware stack
« Direct, Indirect and Relative Addressing modes
» 35 single-word instructions:
- All instructions single cycle except branches

Special Microcontroller Features:

« Internal and external oscillator options:

- Precision internal 4 MHz oscillator factory
calibrated to +1%

- Low-power internal 48 kHz oscillator

- External Oscillator support for crystals and
resonators

« Power-saving Sleep mode
* Programmable weak pull-ups on PORTB
* Multiplexed Master Clear/Input-pin

» Watchdog Timer with independent oscillator for
reliable operation

* Low-voltage programming
« In-Circuit Serial Programming™ (via two pins)
« Programmable code protection
* Brown-out Reset
* Power-on Reset
« Power-up Timer and Oscillator Start-up Timer
« Wide operating voltage range (2.0-5.5V)
« Industrial and extended temperature range
« High-Endurance Flash/EEPROM cell:
- 100,000 write Flash endurance
- 1,000,000 write EEPROM endurance
- 40 year data retention

Low-Power Features:

« Standby Current:
- 100 nA @ 2.0V, typical
* Operating Current:
- 12 uA @ 32 kHz, 2.0V, typical
- 120 yA @ 1 MHz, 2.0V, typical
« Watchdog Timer Current:
- 1uA @ 2.0V, typical
» Timerl Oscillator Current:
- 1.2 uA @ 32 kHz, 2.0V, typical
» Dual-speed Internal Oscillator:

- Run-time selectable between 4 MHz and
48 kHz

- 4 us wake-up from Sleep, 3.0V, typical

Peripheral Features:

* 16 1/O pins with individual direction control
« High current sink/source for direct LED drive
« Analog comparator module with:

- Two analog comparators

- Programmable on-chip voltage reference
(VREF) module

- Selectable internal or external reference
- Comparator outputs are externally accessible

« TimerO0: 8-bit timer/counter with 8-bit
programmable prescaler

» Timerl: 16-bit timer/counter with external crystal/
clock capability

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

e Capture, Compare, PWM module:
- 16-bit Capture/Compare
- 10-bit PWM

« Addressable Universal Synchronous/Asynchronous
Receiver/Transmitter USART/SCI

. F';:g%roarn; Data Memory CCP Timers
Device —— SRAM EEPROM 1/0 (PWM) USART | Comparators 8/16-bit
(words) (bytes) (bytes)
PIC16F627A 1024 224 128 16 1 Y 2 2/1
PIC16F628A 2048 224 128 16 Y 2 2/1
PIC16F648A 4096 256 256 16 1 Y 2 2/1

© 2005 Microchip Technology Inc.
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PIC16F627A/628A/648A

Pin Diagrams

PDIP, SOIC
[@) N
RA2/AN2/VReEF +——] | 1 18 | [« RAV/ANL
RA3/AN3/CMP1<+—>] | 2 17 [ J[«—> RA0/ANO
<
[ee]
RA4/TOCKI/CMP2+——{ | 3 g 16 | [«—» RA7/OSCL/CLKIN
TN =) <
RAS/MCLRIVPr ——»{ | 4 g 15 | J«—> RA6/OSC2/CLKOUT
Vss —»| |5 ZF 14 VDD
e g
RBO/INT«—»[ 6 © 13 ]4-» RB7/T10SI/PGD
o
RBIRXDT<—>{|7 T 12 |]«—> RB6/TI0SO/TICKIPGC
o
RBZ/TX/CK<——| 8 11 ]<_> RB5
RB3/CCP1+—>{ | 9 10 [ |«—» RB4/PGM
SSOP o 28-Pin QFN
(O]
5 S
= 4
g% a9
a3 O
Qo &5 8
5238 88 3 3Ly
200 EE & $02
dO0NSCAANOWLST SRR =)
<< o pmNONMmMA o222 z zZ
CEXXESSEEXX ES <<
<< MmN — O
X o oo x o
I o o I
OO0 MN~NO S MAN A
N oA A A
JE— ™
RAS5/MCLR/VPP —[[ 1 N N21[l«—> RA7/OSC1/CLKIN
PIC16F627A/628A/648A NC 2 20[«—> RAG/OSC2/CLKOUT
Vss —>[|3 19|]l«—> VDD
NC (4 PICL6F627A628A | b
Odanmtwon~o o8 PIC16F648A
= L - |_||_||:|| Vss—>[|5 17[l«—> VDD
NCll6 16{]«— RB7/T10SI/PGD
RBO/INT <—| 7 © o ~ o <15[«—> RB6/T10SO/TICKI/PGC
oo gdady
- e P Piiedie
§99%  s&ER AV o
2232 D3 5éy 5a
J Lo o x X 8 a
<OEQ reExX I
rF3Ic I3Q @
x PEx &

DS40044C-page 2 © 2005 Microchip Technology Inc.



PIC16F627A/628A/648A

Table of Contents

O 1= =T o I DT Yol o] 1T o O PP UUPR PR
2.0 PIC16F627A/628A/648A Device Varieties...
3.0 Architectural OVerview ............ccccceevceeeennen.
F oo I [Ty o o A @ o =T a1 1T o TPV UPRRTUUUPURPPRPRN
LT O VL@ I = o ¢ PO UP RPN
(SO 0 =T O 1Y (o To [N ][ RSP PEPUPRP TP
O 0 =T o 1Y (o To [ L TSP UPR R UUPRP
8.0 Timer2 Module ........ccccoovviiiiieiiiineennns
9.0 Capture/Compare/PWM (CCP) Module .
10.0 Comparator Module...........ccceeevieennins
11.0 Voltage Reference Module.....
12.0 Universal Synchronous Asynchronous Receiver Transmitter (USART) Module...
13.0 Data EEPROM MEMOIY .....iiiiiiiieiietieet ettt ettt e o1ttt e a4 4 st ettt 44 e 1h et et e 4444 ea s b b e bt e e a4 o ekt b e e e e e e e e easbbe et e e e e e s nbneeeeeeennnnnees
14.0 Special FEAtUrES OF the CPU ... ..oii ittt e et ee e e e e ettt ee e e e et et eeeeeeaaastatee e e e ab et eeeeeeeaansbaeteeeese s nbeneeeeeennnnnnes
15.0 INSErUCHION SEE SUMIMIAIY .. .eiiiitiiie ittt ettt ettt et bt e e atb bt e e sabe e e asaeee 2 sb s ee e abee e ek be e e ek be e e e ek b e e a2 oasbe e e ehbe e e e abbe e e ambeee e nbeeeenbeeaanbeeaaannen
IO DoV =T o] o]0 LT | RS ] o Lo i SO USROS VPPTUUPRON
17.0 Electrical Specifications..........ccccceveveviiiieeeeeeiiiinns
18.0 DC and AC Characteristics Graphs and Tables....
19.0 Packaging Information..........cccccceeeriieeinieeeniieeee .
P Y o] o<1 g Lo [ QAN =YY IS o T T 11 o] PSPPSR
APPENTIX B:  DEVICE DIffEIENCES. ... .eeiitiiiiitii ettt ettt a et e et e et et e e et b e e e ehbe e e e ek bt e e eabe e e es ket e e eaae e e e s bbe e e b be e e e bbe e e saneeeensneas
Appendix C:  Device Migrations - PIC16C63/65A/73A/74A — PIC16CB3A/65B/T3B/TAB .......cccceouiiiiiiiiiiiiieciie e 170
Appendix D:  Migration from Baseline t0 Midrange DEVICES ..........uuuiiiiiiiiiiiiiieee st ee e e sttt ee e e e st ee e e e s sbae e eeesennnnbneeeeeeenannnnes 170
ON-LIiNE SUPPOIT....ciiiiiiieiiitee ittt 171
Reader Response................ .. 172
[ (oo [N Toda o L= o1 13 ToF= 1a o IR AS] (] o USRS 177

TO OUR VALUED CUSTOMERS

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

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

Most Current Data Sheet

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

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

Errata

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

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

¢ Microchip’s Worldwide Web site; http://www.microchip.com
e Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon 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.

© 2005 Microchip Technology Inc. DS40044C-page 3
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PIC16F627A/628A/648A

1.0 GENERAL DESCRIPTION

The PIC16F627A/628A/648A are 18-pin Flash-based
members of the versatile PIC16F627A/628A/648A
family of low-cost, high-performance, CMOS, fully-
static, 8-bit microcontrollers.

All PICmicro® microcontrollers employ an advanced
RISC architecture. The PIC16F627A/628A/648A have
enhanced core features, an eight-level deep stack, and
multiple internal and external interrupt sources. The
separate instruction and data buses of the Harvard
architecture allow a 14-bit wide instruction word with
the separate 8-bit wide data. The two-stage instruction
pipeline allows all instructions to execute in a single-
cycle, except for program branches (which require two
cycles). A total of 35 instructions (reduced instruction
set) are available, complemented by a large register
set.

PIC16F627A/628A/648A  microcontrollers  typically
achieve a 2:1 code compression and a 4:1 speed
improvement over other 8-bit microcontrollers in their
class.

PIC16F627A/628A/648A devices have integrated
features to reduce external components, thus reducing
system cost, enhancing system reliability and reducing
power consumption.

The PIC16F627A/628A/648A has 8 oscillator
configurations. The single-pin RC oscillator provides a
low-cost solution. The LP oscillator minimizes power
consumption, XT is a standard crystal, and INTOSC is
a self-contained precision two-speed internal oscillator.

The HS mode is for High-Speed crystals. The EC mode
is for an external clock source.

The Sleep (Power-down) mode offers power savings.
Users can wake-up the chip from Sleep through several
external interrupts, internal interrupts and Resets.

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

Table 1-1 shows the features of the PIC16F627A/628A/
648A mid-range microcontroller family.

A simplified block diagram of the PIC16F627A/628A/
648A is shown in Figure 3-1.

The PIC16F627A/628A/648A series fits in applications
ranging from battery chargers to low power remote
sensors. The Flash technology makes customizing
application programs (detection levels, pulse genera-
tion, timers, etc.) extremely fast and convenient. The
small footprint packages makes this microcontroller
series ideal for all applications with space limitations.
Low cost, low power, high performance, ease of use
and 1/O flexibility make the PIC16F627A/628A/648A
very versatile.

1.1 Development Support

The PIC16F627A/628A/648A family is supported by a
full-featured macro assembler, a software simulator, an
in-circuit emulator, a low cost in-circuit debugger, a low
cost development programmer and a full-featured
programmer. A Third Party “C” compiler support tool is
also available.

TABLE 1-1: PIC16F627A/628A/648A FAMILY OF DEVICES
PIC16F627A ‘ PIC16F628A ‘ PIC16F648A ‘ PIC16LF627A PIC16LF628A PIC16LF648A
Maximum Frequency 20 20 20 20 20 20
of Operation (MHz)
Flash Program 1024 2048 4096 1024 2048 4096
Memory (words)
Memory RAM Data Memory 224 224 256 224 224 256
(bytes)
EEPROM Data 128 128 256 128 128 256
Memory (bytes)
Timer module(s) TMRO, TMR1, TMRO, TMR1, TMRO, TMR1, TMRO, TMR1, TMRO, TMR1, TMRO, TMR1,
TMR2 TMR2 TMR2 TMR2 TMR2 TMR2
Comparator(s) 2 2 2 2 2 2
REOGETETSM Capture/Compare/ 1 1 1 1 1 1
PWM modules
Serial Communications USART USART USART USART USART USART
Internal Voltage Yes Yes Yes Yes Yes Yes
Reference
Interrupt Sources 10 10 10 10 10 10
1/0 Pins 16 16 16 16 16 16
Features Voltage Range (Volts) 3.0-5.5 3.0-5.5 3.0-5.5 2.0-5.5 2.0-5.5 2.0-5.5
Brown-out Reset Yes Yes Yes Yes Yes Yes
Packages 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP,
SOIC, 20-pin SOIC, 20-pin SOIC, 20-pin SOIC, 20-pin SOIC, 20-pin SOIC, 20-pin
SSOP, SSOP, SSOP, SSOP, SSOP, SSOP,
28-pin QFN 28-pin QFN 28-pin QFN 28-pin QFN 28-pin QFN 28-pin QFN

All PIC16F627A/628A/648A family devices use serial programming with clock pin RB6 and data pin RB7.

All PICmicro® family devices have Power-on Reset, selectable Watchdog Timer, selectable code-protect and high 1/0O current capability.

© 2005 Microchip Technology Inc.
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PIC16F627A/628A/648A

2.0 PIC16F627A/628A/648A
DEVICE VARIETIES

A variety of frequency ranges and packaging options
are available. Depending on application and production
requirements, the proper device option can be selected
using the information in the PIC16F627A/628A/648A
Product Identification System, at the end of this data
sheet. When placing orders, please use this page of
the data sheet to specify the correct part number.

2.1 Flash Devices

Flash devices can be erased and re-programmed
electrically. This allows the same device to be used for
prototype development, pilot programs and production.

A further advantage of the electrically erasable Flash is
that it can be erased and reprogrammed in-circuit, or by
device programmers, such as Microchip’s PICSTART®
Plus or PRO MATE® Il programmers.

2.2 Quick-Turnaround-Production
(QTP) Devices

Microchip offers a QTP Programming Service for
factory production orders. This service is made
available for users who chose not to program a medium
to high quantity of units and whose code patterns have
stabilized. The devices are standard Flash devices, but
with all program locations and configuration options
already programmed by the factory. Certain code and
prototype verification procedures apply before
production shipments are available. Please contact
your Microchip Technology sales office for more
details.

2.3 Serialized Quick-Turnaround-
Production (SQTPSM) Devices

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

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

© 2005 Microchip Technology Inc.
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PIC16F627A/628A/648A

3.0 ARCHITECTURAL OVERVIEW

The high performance of the PIC16F627A/628A/648A
family can be attributed to a number of architectural
features commonly found in RISC microprocessors. To
begin with, the PIC16F627A/628A/648A uses a
Harvard architecture in which program and data are
accessed from separate memories using separate
busses. This improves bandwidth over traditional Von
Neumann architecture where program and data are
fetched from the same memory. Separating program
and data memory further allows instructions to be sized
differently than 8-bit wide data word. Instruction
opcodes are 14-bits wide making it possible to have all
single-word instructions. A 14-bit wide program mem-
ory access bus fetches a 14-bit instruction in a single
cycle. A two-stage pipeline overlaps fetch and execu-
tion of instructions. Consequently, all instructions (35)
execute in a single-cycle (200 ns @ 20 MHz) except for
program branches.

Table 3-1 lists device memory sizes (Flash, Data and
EEPROM).

TABLE 3-1: DEVICE MEMORY LIST
Memory
Device Flash RAM | EEPROM
Program Data Data
PIC16F627A 1024x14 | 224x8 128x 8
PIC16F628A 2048x14 | 224x38 128x 8
PIC16F648A 4096 x 14 256 x 8 256 x 8
PIC16LF627A 1024 x 14 224 x 8 128 x 8
PIC16LF628A 2048 x14 | 224x38 128x 8
PIC16LF648A 4096 x 14 | 256 x 8 256 x 8

The PIC16F627A/628A/648A can directly or indirectly
address its register files or data memory. All Special
Function Registers (SFR), including the program
counter, are mapped in the data memory. The
PIC16F627A/628A/648A have an orthogonal (symmet-
rical) instruction set that makes it possible to carry out
any operation, on any register, using any addressing
mode. This symmetrical nature and lack of ‘special
optimal situations’ makes programming with the
PIC16F627A/628A/648A simple yet efficient. In
addition, the learning curve is reduced significantly.

The PIC16F627A/628A/648A devices contain an 8-bit
ALU and working register. The ALU is a general
purpose arithmetic unit. It performs arithmetic and
Boolean functions between data in the working register
and any register file.

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

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

Depending on the instruction executed, the ALU may
affect the values of the Carry (C), Digit Carry (DC), and
Zero (Z) bits in the Status Register. The C and DC bits
operate as Borrow and Digit Borrow out bits,
respectively, in subtraction. See the SUBLW and SUBWF
instructions for examples.

A simplified block diagram is shown in Figure 3-1, and
a description of the device pins in Table 3-2.

Two types of data memory are provided on the
PIC16F627A/628A/648A devices. Nonvolatile
EEPROM data memory is provided for long term
storage of data, such as calibration values, look-up
table data, and any other data which may require
periodic updating in the field. These data types are not
lost when power is removed. The other data memory
provided is regular RAM data memory. Regular RAM
data memory is provided for temporary storage of data
during normal operation. Data is lost when power is
removed.

© 2005 Microchip Technology Inc.
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FIGURE 3-1: BLOCK DIAGRAM
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TABLE 3-2: PIC16F627A/628A/648A PINOUT DESCRIPTION
Name Function | Input Type | Output Type Description
RAO/ANO RAO ST CMOS Bidirectional I/O port
ANO AN — Analog comparator input
RA1/AN1 RA1 ST CMOS Bidirectional I/O port
AN1 AN — Analog comparator input
RA2/AN2/VREF RA2 ST CMOS Bidirectional I/O port
AN2 AN — Analog comparator input
VREF — AN VREF output
RA3/AN3/CMP1 RA3 ST CMOS Bidirectional I/O port
AN3 AN — Analog comparator input
CMP1 — CMOS Comparator 1 output
RA4/TOCKI/CMP2 RA4 ST oD Bidirectional I/O port
TOCKI ST — TimerO clock input
CMP2 — oD Comparator 2 output
RA5/MCLR/VPp RA5 ST — Input port
MCLR ST — Master clear. When configured as MCLR, this
pin is an active low Reset to the device.
Voltage on MCLR/VPP must not exceed VDD
during normal device operation.
VPP — — Programming voltage input
RA6/0SC2/CLKOUT RA6 ST CMOS Bidirectional I/O port
0OSsC2 — XTAL Oscillator crystal output. Connects to crystal
or resonator in Crystal Oscillator mode.
CLKOUT — CMOS In RC/INTOSC mode, OSC2 pin can output
CLKOUT, which has 1/4 the frequency of
OSC1.
RA7/0SC1/CLKIN RA7 ST CMOS Bidirectional 1/O port
OSC1 XTAL — Oscillator crystal input
CLKIN ST — External clock source input. RC biasing pin.
RBO/INT RBO TTL CMOS Bidirectional I/O port. Can be software
programmed for internal weak pull-up.
INT ST — External interrupt
RB1/RX/DT RB1 TTL CMOS Bidirectional I/O port. Can be software
programmed for internal weak pull-up.
RX ST — USART receive pin
DT ST CMOS Synchronous data 1/0
RB2/TX/CK RB2 TTL CMOS Bidirectional I/O port. Can be software
programmed for internal weak pull-up.
TX — CMOS USART transmit pin
CK ST CMOS Synchronous clock I/O
RB3/CCP1 RB3 TTL CMOS Bidirectional I/O port. Can be software
programmed for internal weak pull-up.
CCP1 ST CMOS Capture/Compare/PWM /O
Legend: O = Output CMOS = CMOS Output P = Power
— = Not used I = Input ST = Schmitt Trigger Input
TTL = TTL Input oD = Open Drain Output AN = Analog

© 2005 Microchip Technology Inc.
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TABLE 3-2: PIC16F627A/628A/648A PINOUT DESCRIPTION (CONTINUED)

Name Function | Input Type | Output Type Description

RB4/PGM RB4 TTL CMOS Bidirectional I/0O port. Interrupt-on-pin change.
Can be software programmed for internal
weak pull-up.

PGM ST — Low-voltage programming input pin. When
low-voltage programming is enabled, the
interrupt-on-pin change and weak pull-up
resistor are disabled.

RB5 RB5 TTL CMOS Bidirectional I/0O port. Interrupt-on-pin change.
Can be software programmed for internal
weak pull-up.

RB6/T1OSO/T1CKI/PGC RB6 TTL CMOS Bidirectional I/O port. Interrupt-on-pin change.
Can be software programmed for internal
weak pull-up.

T10SO — XTAL Timerl oscillator output
T1CKI ST — Timerl clock input

PGC ST — ICSP™ programming clock

RB7/T10SI/PGD RB7 TTL CMOS Bidirectional I/O port. Interrupt-on-pin change.
Can be software programmed for internal
weak pull-up.

T10SI XTAL — Timerl oscillator input

PGD ST CMOS ICSP data I/O

Vss Vss Power — Ground reference for logic and 1/O pins

VDD VDD Power — Positive supply for logic and 1/O pins

Legend: O = Output CMOS = CMOS Output P = Power

— = Not used | = Input ST = Schmitt Trigger Input
TTL = TTL Input oD = Open Drain Output AN = Analog

DS40044C-page 12 © 2005 Microchip Technology Inc.
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3.1 Clocking Scheme/Instruction

Cycle

The clock input (RA7/OSC1/CLKIN pin) is internally
divided by four to generate four non-overlapping
quadrature clocks namely Q1, Q2, Q3 and Q4.
Internally, the Program Counter (PC) is incremented
every Q1, the instruction is fetched from the program
memory and latched into the instruction register in Q4.
The instruction is decoded and executed during the
following Q1 through Q4. The clocks and instruction
execution flow is shown in Figure 3-2.

3.2

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

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

Instruction Flow/Pipelining

In the execution cycle, the fetched instruction is latched
into the Instruction Register (IR) in cycle Q1. This
instruction is then decoded and executed during the
Q2, Q3 and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination

write).
FIGURE 3-2: CLOCK/INSTRUCTION CYCLE

QL | Q2 | @ | @ ' Q1 | Q2 | Q@ | Q@ ' Q1 | Q | Q3 | Q4 !
oscthk~ /—~ /A
@ — o I

Q2 '—/—\ / \ | Internal

| | | » phase

Q3 / \ : / \ | / \ | clock

Q4 |\ / \ / | / |
PC ( PC X PC+1 X PC+2 |

Fetch INST (PC)

Execute INST (PC - 1)

Fetch INST (PC + 1)

Fetch INST (PC + 2)

|
i Execute INST (PC)
I

Execute INST (PC + 1)

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW
1. MOVLW 55h Fetch 1 Execute 1
2. MOVWF PORTB Fetch 2 Execute 2
3. CALL SUB 1 Fetch 3 | Execute 3
4. BSF PORTA, 3 Fetch 4 Flush
Fetch SUB_1|Execute SUB 1
Note: All instructions are single cycle except for any program branches. These take two cycles since the fetch

instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed.

© 2005 Microchip Technology Inc.
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NOTES:
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4.0 MEMORY ORGANIZATION

4.1 Program Memory Organization

The PIC16F627A/628A/648A has a 13-bit program
counter capable of addressing an 8K x 14 program
memory space. Only the first 1K x 14 (0000h-03FFh)
for the PIC16F627A, 2K x 14 (0000h-07FFh) for the
PIC16F628A and 4K x 14 (0000h-OFFFh) for the
PIC16F648A are physically implemented. Accessing a
location above these boundaries will cause a wrap-
around within the first 1K x 14 space (PIC16F627A),
2K x 14 space (PIC16F628A) or 4K x 14 space
(PIC16F648A). The Reset vector is at 0000h and the
interrupt vector is at 0004h (Figure 4-1).

FIGURE 4-1: PROGRAM MEMORY MAP
AND STACK

PC<12:0>
CALL, RETURN 13
RETFIE, RETLW 7
Stack Level 1
Stack Level 2

(]
Stack Level 8

Reset Vector 000h
<":
Interrupt Vector 0004
On-chip Program 0005
Memory
PIC16F627A,
PIC16F628A and
PIC16F648A
03FFh
On-chip Program
Memory
PIC16F628A and
PIC16F648A
07FFh
On-chip Program
Memory
PIC16F648A only
OFFFh
\_/\
\_/\
1FFFh

4.2 Data Memory Organization

The data memory (Figure 4-2 and Figure 4-3) is
partitioned into four banks, which contain the General
Purpose Registers (GPRs) and the Special Function
Registers (SFRs). The SFRs are located in the first 32
locations of each bank. There are General Purpose
Registers implemented as static RAM in each bank.
Table 4-1 lists the General Purpose Register available
in each of the four banks.

TABLE 4-1: GENERAL PURPOSE STATIC
RAM REGISTERS
PIC16F627A/628A PIC16F648A
BankO 20-7Fh 20-7Fh
Bankl AOh-FF AOh-FF
Bank2 120h-14Fh, 170h-17Fh 120h-17Fh
Bank3 1FOh-1FFh 1FOh-1FFh

Addresses FOh-FFh, 170h-17Fh and 1FOh-1FFh are
implemented as common RAM and mapped back to
addresses 70h-7Fh.

Table 4-2 lists how to access the four banks of registers
via the Status register bits RP1 and RPO.

TABLE 4-2: ACCESS TO BANKS OF
REGISTERS
Bank RP1 RPO
0 0 0
1 0 1
2 1 0
3 1 1

421 GENERAL PURPOSE REGISTER
FILE

The register file is organized as 224 x8 in the
PIC16F627A/628A and 256 x 8 in the PIC16F648A.
Each is accessed either directly or indirectly through
the File Select Register (FSR), See Section 4.4
“Indirect Addressing, INDF and FSR Registers”.

© 2005 Microchip Technology Inc.
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FIGURE 4-2: DATA MEMORY MAP OF THE PIC16F627A AND PIC16F628A
File
Address
Indirect addr.® | ooh Indirect addr.® | gop Indirect addr.(Y | 100h Indirect addr. | 1g0h
TMRO 0lh OPTION 81h TMRO 101h OPTION 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
07h 87h 107h 187h
08h 88h 108h 188h
09h 89h 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch 10Ch 18Ch
0Dh 8Dh 10Dh 18Dh
TMR1L OEh PCON 8Eh 10Eh 18Eh
TMR1H OFh 8Fh 10Fh 18Fh
T1CON 10h 90h
TMR2 11h 91h
T2CON 12h PR2 92h
13h 93h
14h 94h
CCPRI1L 15h 95h
CCPR1H 16h 96h
CCP1CON 17h 97h
RCSTA 18h TXSTA 98h
TXREG 19h SPBRG 99h
RCREG 1Ah EEDATA 9Ah
1Bh EEADR 9Bh
1Ch EECON1 9Ch
1Dh EECON2(® | gpp
1Eh 9Eh
CMCON 1Fh VRCON 9Fh 11Fh
20h Aoh Sﬁrrrl)%rsag 120h
General General Register
Purpose Purpose 48 Bytes 14Fh
Register g{oe%;ttee}; 150h
80 Bytes
______ 6Fh EFh 16Fh 1EFh
70h FoOh 170h 1FOh
16 Bytes accesses accesses accesses
70h-7Fh 70h-7Fh 70h-7Fh
7Fh FFh 17Fh 1FFh
Bank O Bank 1 Bank 2 Bank 3

|:| Unimplemented data memory locations, read as ‘0’.
Note 1. Not a physical register.
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FIGURE 4-3: DATA MEMORY MAP OF THE PIC16F648A
File
Address
Indirect addr.) | 0oh Indirect addr.®t) | gon Indirect addr.) | 100h Indirect addr.) | 180n
TMRO 01h OPTION 81h TMRO 101h OPTION 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
07h 87h 107h 187h
08h 88h 108h 188h
09h 89h 109h 189h
PCLATH OAh PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch 10Ch 18Ch
0Dh 8Dh 10Dh 18Dh
TMRI1L OEh PCON 8Eh 10Eh 18Eh
TMR1H OFh 8Fh 10Fh 18Fh
T1CON 10h 90h
TMR2 11h 91h
T2CON 12h PR2 92h
13h 93h
14h 94h
CCPR1L 15h 95h
CCPR1H 16h 96h
CCP1CON 17h 97h
RCSTA 18h TXSTA 98h
TXREG 19h SPBRG 99h
RCREG 1Ah EEDATA 9Ah
1Bh EEADR 9Bh
1Ch EECON1 9Ch
1Dh EECON2(® | gpp
1Eh 9Eh
CMCON 1Fh VRCON 9Fh 11Fh
20h AOh 120h
General General General
Purpose Purpose Purpose
Register Register Register
80 Bytes 80 Bytes
80 Bytes
______ 6Fh EFh 16Fh 1EFh
70h Foh 170h 1FOh
16 Bytes accesses accesses accesses
70h-7Fh 70h-7Fh 70h-7Fh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

|:| Unimplemented data memory locations, read as ‘0’.
Note 1. Not a physical register.
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422 SPECIAL FUNCTION REGISTERS

The SFRs are registers used by the CPU and Periph-
eral functions for controlling the desired operation of
the device (Table 4-3). These registers are static RAM.

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

TABLE 4-3: SPECIAL REGISTERS SUMMARY BANKO

. . . . . . . . Value on Details
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR
Reset® on Page

Bank 0

00h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | xxxx xxxx 28
01h TMRO Timer0 Module’s Register XXXX XXXX 45
02h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 28
03h STATUS IRP RP1 RPO TO B | z | bc c 0001 Lxxx| 22
04h FSR Indirect Data Memory Address Pointer XXXX XXXX 28
05h PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO xxxx 0000 31
06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX 36
07h — Unimplemented — —
08h — Unimplemented — —
09%h — Unimplemented — —
0Ah PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 28
0Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 24
0Ch PIR1 EEIF CMIF RCIF TXIF — CCP1IF | TMR2IF TMR1IF | 0000 -000 26
0Dh — Unimplemented — —
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX 48
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX 48
10h TICON — | — | TICKPS1 | TICKPSO | T10SCEN | TISYNC | TMR1CS | TMRION | --00 0000 | 48
11h TMR2 TMR2 Module’s Register 0000 0000 52
12h T2CON — | Toutpss | TouTps2 | TouTPs1 | TouTPSO | TMR20N | T2cKPS1 | T2ckPSO | -000 0000| 52
13h — Unimplemented — —
14h — Unimplemented — —
15h CCPR1L Capture/Compare/PWM Register (LSB) XXXX XXXX 55
16h CCPR1H Capture/Compare/PWM Register (MSB) XXXX XXXX 55
17h CCP1CON — — CCP1X CCP1Y CCP1M3 | CCP1M2 | CCP1M1 | CCP1IMO | --00 0000 55
18h RCSTA SPEN RX9 SREN CREN ADEN FERR OERR RX9D 0000 000x 72
19h TXREG USART Transmit Data Register 0000 0000 77
1Ah RCREG USART Receive Data Register 0000 0000 80
1Bh — Unimplemented — —
1Ch — Unimplemented — —
1Dh — Unimplemented — —
1Eh — Unimplemented — —
1Fh CMCON C20UT C10UT C2INV C1INV CIS CM2 CM1 CMO 0000 0000 61
Legend: - = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition, shaded = unimplemented

Note 1:  For the initialization condition for registers tables, refer to Table 14-6 and Table 14-7.
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TABLE 4-4: SPECIAL FUNCTION REGISTERS SUMMARY BANK1

. . . . . . . . Value on Details
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR(l) on Page
Reset
Bank 1
80h INDF Addressing this location uses contents of FSR to address data memory (not a physical XXXK XXXX 28
register)

81h OPTION RBPU | INTEDG | TOCS | TOSE | PSA | Ps2 | PS1 | PSO 1111 1111 23
82h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 28
83h STATUS IRP | RP1 | RPO | TO | PD | z | DC | c 0001 1xxx 22
84h FSR Indirect Data Memory Address Pointer XXXKX XXXX 28
85h TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISAL TRISAO | 1111 1111 31
86h TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO |1111 1111 36
87h — Unimplemented — —
88h — Unimplemented — —
89h — Unimplemented — —
8Ah PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 28
8Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 24
8Ch PIE1 EEIE CMIE RCIE TXIE — CCP1IE TMR2IE TMR1IE | 0000 -000 25
8Dh — Unimplemented — —
8Eh PCON — — | — | — | OSCF | — | POR | BOR |---- 1-0x 27
8Fh — Unimplemented — —
90h — Unimplemented — —
91h — Unimplemented — —
92h PR2 Timer2 Period Register 1111 1111 52
93h — Unimplemented — —
94h — Unimplemented — —
95h — Unimplemented — —
96h — Unimplemented — —
97h — Unimplemented — —
98h TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 71
99h SPBRG Baud Rate Generator Register 0000 0000 73
9Ah EEDATA EEPROM Data Register XXXX XXXX 89
9Bh EEADR EEPROM Address Register XXXK XXXX 90
ach EECON1 — | — | — ] — Jwrerr| wreN [ WrR [ RD [---- x000| 90
9Dh EECON2 EEPROM Control Register 2 (not a physical registery | —=-- —--- 90
9Eh — Unimplemented — —
9Fh VRCON VREN | vroe | vRR | — | wr3 | wrRz | vrR1 | VvRo [oo0- oooo| 67
Legend: - = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition, shaded = unimplemented

Note 1:  For the initialization condition for registers tables, refer to Table 14-6 and Table 14-7.

© 2005 Microchip Technology Inc. DS40044C-page 19



PIC16F627A/628A/648A

TABLE 4-5: SPECIAL FUNCTION REGISTERS SUMMARY BANK2

. . . . . . . . Value on Details
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR(l) on Page
Reset

Bank 2

100h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | xxxx xxxx 28
101h TMRO TimerO Module’s Register XXXX XXXX 45
102h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 28
103h STATUS rp | Rt | R0 | To | P® | z | bc | ¢ 0001 Lxxx| 22
104h FSR Indirect Data Memory Address Pointer XXXX XXXX 28
105h — Unimplemented — —
106h PORTB Re7 | RB6 | RB5 | RB4 | RB3 | RB2 | RB1I | RBO |wom wox| 36
107h — Unimplemented — —
108h — Unimplemented — —
109h — Unimplemented — —
10Ah PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 28
10Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 24
10Ch — Unimplemented — —
10Dh — Unimplemented — —
10Eh — Unimplemented — —
10Fh — Unimplemented — —
110h — Unimplemented — —
111h — Unimplemented — —
112h — Unimplemented — —
113h — Unimplemented — —
114h — Unimplemented — —
115h — Unimplemented — —
116h — Unimplemented — —
117h — Unimplemented — —
118h — Unimplemented — —
119h — Unimplemented — —
11Ah — Unimplemented — —
11Bh — Unimplemented — —
11Ch — Unimplemented — —
11Dh — Unimplemented — —
11Eh — Unimplemented — —
11Fh — Unimplemented — —
Legend: - = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition, shaded = unimplemented.

Note 1:  For the initialization condition for registers tables, refer to Table 14-6 and Table 14-7.
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TABLE 4-6: SPECIAL FUNCTION REGISTERS SUMMARY BANK3

. . . . . . . . Value on Details
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Reset() on Page

Bank 3

180h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | xxxx xxxx 28
181h OPTION RBPU | INTEDG | TOCS | TOSE | PSA | Ps2 | Ps1 | PsoO 1111 1111 23
182h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 28
183h STATUS rp | Rt | R0 | o | P | z | bc | ¢ 0001 Lxxx| 22
184h FSR Indirect Data Memory Address Pointer XXXX XXXX 28
185h — Unimplemented — —
186h TRISB TRISB7 | TRISB6 | TRISBS | TRISB4 | TRisB3 | TRISB2 | TRISB1 | TRISBO [1111 1111] 36
187h — Unimplemented — —
188h — Unimplemented — —
18%h — Unimplemented — —
18Ah PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 28
18Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 24
18Ch — Unimplemented — —
18Dh — Unimplemented — —
18Eh — Unimplemented — —
18Fh — Unimplemented — —
190h — Unimplemented — —
191h — Unimplemented — —
192h — Unimplemented — —
193h — Unimplemented — —
194h — Unimplemented — —
195h — Unimplemented — —
196h — Unimplemented — —
197h — Unimplemented — —
198h — Unimplemented — —
19%h — Unimplemented — —
19Ah — Unimplemented — —
19Bh — Unimplemented — —
19Ch — Unimplemented — —
19Dh — Unimplemented — —
19Eh — Unimplemented — —
19Fh — Unimplemented — —
Legend: - = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition, shaded = unimplemented

Note 1: For the initialization condition for registers tables, refer to Table 14-6 and Table 14-7.
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4221 Status Register

The Status register, shown in Register 4-1, contains the
arithmetic status of the ALU; the Reset status and 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 non-
writable. Therefore, the result of an instruction with the
Status register as destination may be different than
intended.

For example, CLRF STATUS will clear the upper-three
bits and set the Z bit. This leaves the Status register
as “000uuluu” (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 bit. For other instructions, not affecting any
Status bits, see the “Instruction Set Summary”.

Note:  The C and DC bits operate as a Borrow
and Digit Borrow out bit, respectively, in
subtraction. See the SUBLW and SUBWF

instructions for examples.

REGISTER 4-1: STATUS — STATUS REGISTER (ADDRESS: 03h, 83h, 103h, 183h)
R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP rRr1 | R0 | TO | PD | z | bc | c
bit 7 bit 0
bit 7 IRP: Register Bank Select bit (used for indirect addressing)

1 = Bank 2, 3 (100h-1FFh)
0 = Bank 0, 1 (00h-FFh)

bit 6-5 RP<1:0>: Register Bank Select bits (used for direct addressing)

00 = Bank 0 (00h-7Fh)
01 = Bank 1 (80h-FFh)
10 = Bank 2 (100h-17Fh)
11 = Bank 3 (180h-1FFh)

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
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bitis cleared X = Bit is unknown
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4.2.2.2 OPTION Register

The Option register is a readable and writable register,
which contains various control bits to configure the
TMRO/WDT prescaler, the external RBO/INT interrupt,
TMRO and the weak pull-ups on PORTB.

REGISTER 4-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

Note:  To achieve a 1:1 prescaler assignment for
TMRO, assign the prescaler to the WDT
(PSA = 1). See Section 6.3.1 “Switching
Prescaler Assignment”.

OPTION_REG — OPTION REGISTER (ADDRESS: 81h, 181h)

RW-1  RW-1  RW-1  RMW- RW-1  RMW-1  RMW-1  RMW-L
RBPU | INTEDG | Tocs | Tose | psa | ps2 | ps1 | Pso
bit 7 bit 0

RBPU: PORTB Pull-up Enable 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/CMP2 pin
0 = Internal instruction cycle clock (CLKOUT)

TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA4/TOCKI/CMP2 pin
0 = Increment on low-to-high transition on RA4/TOCKI/CMP2 pin

PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

PS<2:0>: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate

000 1:2 1:1

001 1:4 1:2

010 1:8 1:4

011 1:16 1:8

100 1:32 1:16

101 1:64 1:32

110 1:128 1:64

111 1:256 1:128
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

© 2005 Microchip Technology Inc.
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4.2.2.3 INTCON Register

The INTCON register is a readable and writable
register, which contains the various enable and flag bits
for all interrupt sources except the comparator module.
See  Section 4.2.2.4 “PIE1 Register” and
Section 4.2.2.5 “PIR1 Register” for a description of
the comparator enable and flag bits.

Note: Interrupt flag bits get set when an interrupt
condition occurs regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>).

REGISTER 4-3: INTCON — INTERRUPT CONTROL REGISTER (ADDRESS: 0Bh, 8Bh, 10Bh, 18Bh)

RW-0  RW-0 RW-0  RMW-0 RIW-0 RW-0 RMW-0  RW-x
GIE PEEE | TOIE INTE | RBEE | TOF | INTF | RBIF |
bit 7 bit 0
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all un-masked interrupts
0 = Disables all interrupts

bit 6 PEIE: Peripheral Interrupt Enable bit

1 = Enables all un-masked peripheral interrupts
0 = Disables all peripheral interrupts

bit 5 TOIE: TMRO Overflow Interrupt Enable bit

1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt

bit 4 INTE: RBO/INT External Interrupt Enable bit

1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt

bit 3 RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt

bit 2 TOIF: TMRO Overflow Interrupt Flag bit

1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow

bit 1 INTF: RBO/INT External Interrupt Flag bit

1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur

bit 0 RBIF: RB Port Change Interrupt Flag bit

1 = When at least one of the RB<7:4> pins changes state (must be cleared in software)
0 = None of the RB<7:4> 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’ = Bitis cleared X = Bit is unknown
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4.2.2.4 PIE1 Register
This register contains interrupt enable bits.

REGISTER 4-4:

bit 7

bit 6

bit 5

bit 4

bit 3
bit 2

bit 1

bit 0

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

R/W-0 R/W-0 R/W-0 R/W-0

u-0

R/W-0 R/W-0 R/W-0

EEIE CMIE RCIE TXIE

| CCPLIE | TMR2IE | TMRLIE |

bit 7

EEIE: EE Write Complete Interrupt Enable Bit

1 = Enables the EE write complete interrupt
0 = Disables the EE write complete interrupt

CMIE: Comparator Interrupt Enable bit

1 = Enables the comparator interrupt
0 = Disables the comparator interrupt

RCIE: USART Receive Interrupt Enable bit
1 = Enables the USART receive interrupt
0 = Disables the USART receive interrupt
TXIE: USART Transmit Interrupt Enable bit

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

Unimplemented: Read as ‘0’

CCP1IE: CCP1 Interrupt Enable bit

1 = Enables the CCP1 interrupt

0 = Disables the CCP1 interrupt

TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

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

TMR1IE: TMR1 Overflow Interrupt Enable bit

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

bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown

© 2005 Microchip Technology Inc.
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4.2.2.5 PIR1 Register
This register contains interrupt flag bits.

Note:

Interrupt flag bits get 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

REGISTER 4-5:

bit 7

bit 6

bit 5

bit 4

bit 3
bit 2

bit 1

bit 0

enabling an interrupt.

PIR1 — PERIPHERAL INTERRUPT REGISTER 1 (ADDRESS: 0Ch)
R/W-0 R/W-0 R-0 R-0 uU-0 R/W-0 R/W-0 R/W-0

EEF | cMF | RCF | TXWF | — | cCCPUF | TMR2IF | TMRLIF

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
CMIF: Comparator Interrupt Flag bit

1 = Comparator output has changed

0 = Comparator output has not changed

RCIF: USART Receive Interrupt Flag bit

1 = The USART receive buffer is full

0 = The USART receive buffer is empty

TXIF: USART Transmit Interrupt Flag bit

1 = The USART transmit buffer is empty

0 = The USART transmit buffer is full

Unimplemented: Read as ‘0’

CCP1IF: CCP1 Interrupt Flag bit

Capture Mode
1 = A TMRL1 register capture occurred (must be cleared in software)
0 = No TMRL1 register capture occurred
Compare Mode
1 = A TMRL1 register compare match occurred (must be cleared in software)
0 = No TMRL1 register compare match occurred
PWM Mode
Unused in this mode

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

TMR1IF: TMR1 Overflow Interrupt Flag bit

1 = TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

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

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown
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4.2.2.6 PCON Register

The PCON register contains flag bits to differentiate Note: BOR is unknown on Power-on Reset. It
between a Power-on Reset, an external MCLR Reset, must then be set by the user and checked
WDT Reset or a Brown-out Reset. on subsequent Resets to see if BOR is

REGISTER 4-6:

bit 7-4
bit 3

bit 2
bit 1

bit 0

cleared, indicating a brown-out has
occurred. The BOR Status bit is a “don’t
care” and is not necessarily predictable if
the brown-out circuit is disabled (by
clearing the BOREN bit in the
Configuration Word).

PCON - POWER CONTROL REGISTER (ADDRESS: 8Eh)

u-0 U-0 U-0 u-0 RIW-1 U0 RW-O  RMWX
— — — — | osck | — | POR | BOR
bit 7 bit 0

Unimplemented: Read as ‘0’

OSCF: INTOSC Oscillator Frequency bit
1 =4 MHz typical

0 = 48 kHz typical

Unimplemented: Read as ‘0’

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)

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 hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
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4.3 PCL and PCLATH

The Program Counter (PC) is 13-bits wide. The low
byte comes from the PCL register, which is a readable
and writable register. The high byte (PC<12:8>) is not
directly readable or writable and comes from PCLATH.
On any Reset, the PC is cleared. Figure 4-4 shows the
two situations for loading the PC. The upper example
in Figure 4-4 shows how the PC is loaded on a write to
PCL (PCLATH<4:0> — PCH). The lower example in
Figure 4-4 shows how the PC is loaded during a CALL
or GOTO instruction (PCLATH<4:3> — PCH).

FIGURE 4-4. LOADING OF PC IN
DIFFERENT SITUATIONS
PCH PCL
12 8 ,7 O Instruction with
pC | | PCLas
Destination
E PCLATH<4:0> 8
5 ALU result
LTI
PCLATH
PCH PCL
12 11 10 8 7 0
PC | | : | coro, cann
PCLATH<4:3> 11
2 Opcode <10:0>
LITTITTT]
PCLATH

431 COMPUTED GOTO

A computed GOTO 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 AN556 “Implementing a Table Read”
(DS00556).

4.3.2 STACK

The PIC16F627A/628A/648A family has an 8-level
deep x 13-bit wide hardware stack (Figure 4-1). 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.

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.

4.4 Indirect Addressing, INDF and
FSR Registers

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

Indirect addressing is possible by using the INDF
register. Any instruction using the INDF register
actually accesses data pointed to by the File Select
Register (FSR). Reading INDF itself indirectly will
produce 00h. Writing to the INDF register indirectly
results in a no-operation (although Status bits 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 4-5.

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

EXAMPLE 4-1: INDIRECT ADDRESSING
MOVLW 0x20 ;initialize pointer
MOVWF FSR ;jto RAM

NEXT CLRF INDF ;clear INDF register
INCF FSR ;inc pointer
BTFSS FSR, 4 ;all done?
GOTO NEXT ;no clear next
;yes continue
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FIGURE 4-5: DIRECT/INDIRECT ADDRESSING PIC16F627A/628A/648A
RSetSitgtser Direct Addressing Rsetgitgtsér Indirect Addressing
RP1 RPO 6 from opcode 0 IRP 7 FSR Register 0
N v J - v N v J
bank select location select bank select location select
- » 00 01 10 11 <«
00h 180h
RAM
File
Registers
7Fh 1FFh
Bank0 Bank1l Bank2 Bank3
Note: For memory map detail see Figure 4-3, Figure 4-2 and Figure 4-1.
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NOTES:
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5.0 /O PORTS

The PIC16F627A/628A/648A have two ports, PORTA
and PORTB. Some pins for these 1/O ports are
multiplexed with alternate functions for the peripheral
features on the device. In general, when a peripheral is
enabled, that pin may not be used as a general
purpose I/O pin.

5.1 PORTA and TRISA Registers

PORTA is an 8-bit wide latch. RA4 is a Schmitt Trigger
input and an open drain output. Port RA4 is multiplexed
with the TOCKI clock input. RA5(M is a Schmitt Trigger
input only and has no output drivers. All other RA port
pins have Schmitt Trigger input levels and full CMOS
output drivers. All pins have data direction bits (TRIS
registers) which can configure these pins as input or
output.

A ‘1’ in the TRISA register puts the corresponding
output driver in a High-impedance mode. A ‘0’ in the
TRISA register puts the contents of the output latch on
the selected pin(s).

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

The PORTA pins are multiplexed with comparator and
voltage reference functions. The operation of these
pins are selected by control bits in the CMCON
(Comparator Control register) register and the VRCON
(Voltage Reference Control register) register. When
selected as a comparator input, these pins will read
as ‘o’s.

Note 1: RADS shares function with Vpp. When Vpp
voltage levels are applied to RA5, the
device will enter Programming mode.

2. On Reset, the TRISA register is set to all
inputs. The digital inputs (RA<3:0>) are
disabled and the comparator inputs are
forced to ground to reduce current
consumption.

3: TRISA<6:7> is overridden by oscillator
configuration. When PORTA<6:7> is
overridden, the data reads ‘0’ and the

TRISA<6:7> bits are ignored.

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

The RA2 pin will also function as the output for the
voltage reference. When in this mode, the VREF pinis a
very high-impedance output. The user must configure
TRISA<2> bit as an input and use high-impedance
loads.

In one of the comparator modes defined by the
CMCON register, pins RA3 and RA4 become outputs
of the comparators. The TRISA<4:3> bits must be
cleared to enable outputs to use this function.

EXAMPLE 5-1:
CLRF  PORTA

INITIALIZING PORTA

;Initialize PORTA by
;setting

;joutput data latches
;Turn comparators off and
;enable pins for I/O
;functions

BCF STATUS, RP1

BSF STATUS, RPO ;Select Bankl

MOVLW 0x1F ;Value used to initialize
;data direction

;Set RA<4:0> as inputs
;TRISA<5> always

;read as ‘1’.

MOVLW 0x07
MOVWF CMCON

MOVWF TRISA

;TRISA<7:6>
;depend on oscillator
;mode

FIGURE 5-1: BLOCK DIAGRAM OF
RAO/ANO:RA1/AN1 PINS
Data
B
= D Q VDD
WR
PORTA| CK-\-G
Data Latch
P Q 1/0 Pin
WR
TRISA CK~_Q
Analo
TRIS Latch Input Modg ,E’S
(CMCON Reg.)
RD ) Schmitt Trigger
TRISA Input Buffer

EN
RD PORTA {>0 —‘

To Com parator
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FIGURE 5-2: BLOCK DIAGRAM OF
RA2/AN2/VREF PIN

Data
Bus

b Q VDD
WR
PORTA CK~ 6

Data Latch

— D Q
RA2 Pin

WR

TRISA =
— CK~ Analog
u Input Mode SS

TRIS Latch (CMCON Reg.)

RD 1
TRISA Schmitt Trigger
Input Buffer

Q D

EN
RD PORTA {>O —‘

TFComparator

VROE

VREF I

FIGURE 5-3: BLOCK DIAGRAM OF THE RA3/AN3/CMP1 PIN
Data Comparator Mode =110 (CMCON Reg.)
Bus D Q VDD
Comparator Output
WR ]
PORTA ' CK~_0
Data Latch 0 —‘ | XI
D Q
WR I/?/ RA3 Pin
TRISA = Analo
CK™_Q Input Modg Vss
TRIS Latch (CMCON Reg.)
RD
TRISA Schmitt Trigger | _7~
Input Buffer
|

EN

RD PORTA {>O

To Com parator
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FIGURE 5-4: BLOCK DIAGRAM OF RA4/TOCKI/CMP2 PIN
Data Comparator Mode =110 (CMCON Reg.)
Bus
D Q
WR Comparator Output \L
PORTA — 1
CK™ Q
Data Latch 0
D Q
WR ﬂ_{ N RA4 Pin
TRISA CK~_ O
TRIS Latch Vss Vss
< .
Schmitt Trigger
RD TRISA Input Buffer
| Q D
EN
RD PORTA . {>0
TI\TRO Clock Input
FIGURE 5-5: BLOCK DIAGRAM OF THE FIGURE 5-6: BLOCK DIAGRAM OF
RA5/MCLR/VppP PIN RA6/0SC2/CLKOUT PIN
From OSC1 OSsC
Circuit VoD
— MCLRE (Configuration Bit) CLKOUT(Fosc/4) %
M_CLI_'\; 1 |
circui
<! [V Filter 0 Lg X
wr [P @
[=] Schmitt Trigger PORTA —
rr?]%rda? Input Bu?fgr CK Q
- HV Detect ' * ,E Egiclil (2) Data Latch vss
RA5/MCLR/VPP
Data Ve WR oD Q
B
bus Vs TRISA
7
RD .
TRISA ¢ Schmitt
RD 4 Trigger
TRISA Vss Fosc = Input Buffer
- 011, 100
Q D

EN
RD
PORTA
—

EN
RD PORTA o —‘

Note 1: INTOSC with RA6 =1/O or RC with RA6 = I/O.
2: INTOSC with RA6 = CLKOUT or RC with
RA6 = CLKOUT.
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FIGURE 5-7:

BLOCK DIAGRAM OF RA7/0OSC1/CLKIN PIN

A

To Clock Circuits

Data Bus

WR TRISA

RD TRISA

Fosc =100

WR PORTA

D Q

CK ™ Q
Data Latch
D

T

O

—tCK L Qb

TRIS Latch

A

101®

I

RA7/0SC1/CLKIN Pin

RD PORTA

EN

:

Note 1:

—

INTOSC with CLKOUT and INTOSC with I/O.

—— (]

|

Schmitt Trigger
Input Buffer
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TABLE 5-1: PORTA FUNCTIONS

Name Function Input Output Description
Type Type
RAO/ANO RAO ST CMOS | Bidirectional 1/0O port
ANO AN — Analog comparator input
RA1/AN1 RA1 ST CMOS | Bidirectional 1/0O port
AN1 AN — Analog comparator input
RA2/AN2/VREF RA2 ST CMOS | Bidirectional 1/0 port
AN2 AN — Analog comparator input
VREF — AN VREF output
RA3/AN3/CMP1 RA3 ST CMOS | Bidirectional 1/0 port
AN3 AN — Analog comparator input
CMP1 — CMOS | Comparator 1 output
RA4/TOCKI/CMP2 RA4 ST oD Bidirectional I/O port. Output is open drain type.
TOCKI ST — External clock input for TMRO or comparator output
CMP2 — oD Comparator 2 output
RA5/MCLR/VpPpP RA5 ST — Input port
MCLR ST — Master clear. When configured as MCLR, this pin is an
active low Reset to the device. Voltage on MCLR/VPP must
not exceed VDD during normal device operation.
Vpp HV — Programming voltage input
RA6/0OSC2/CLKOUT RA6 ST CMOS |Bidirectional I/O port
0osc2 — XTAL | Oscillator crystal output. Connects to crystal resonator in
Crystal Oscillator mode.
CLKOUT — CMOS |In RC or INTOSC mode. OSC2 pin can output CLKOUT,
which has 1/4 the frequency of OSC1.
RA7/0SC1/CLKIN RA7 ST CMOS | Bidirectional 1/0 port
OsC1 XTAL — Oscillator crystal input. Connects to crystal resonator in
Crystal Oscillator mode.
CLKIN ST — External clock source input. RC biasing pin.
Legend: O = Output CMOS = CMOS Output P = Power
— = Not used | = Input ST = Schmitt Trigger Input
TTL = TTL Input oD = Open Drain Output AN = Analog
TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 All Other
POR
Resets
05h PORTA RA7 RA6 RA5D RA4 RA3 RA2 RA1 RAO xxxx 0000 | gggu 0000
85h TRISA TRISA7 | TRISA6 | TRISAS | TRISA4 | TRISA3 | TRISA2 | TRISAL | TRISAO | 1111 1111 | 1111 1111
1Fh CMCON | C20UT | C10UT | C2INV | C1INV CIS CM2 CM1 CMO 0000 0000 | 0000 0000
9Fh VRCON VREN | VROE VRR — VR3 VR2 VR1 VRO 000- 0000 | 000- 0000
Legend: - =Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition. Shaded cells

are not used for PORTA.
Note 1. MCLRE configuration bit sets RA5 functionality.

© 2005 Microchip Technology Inc.
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5.2 PORTB and TRISB Registers

PORTB is an 8-bit wide bidirectional port. The
corresponding data direction register is TRISB. A ‘1’ in
the TRISB register puts the corresponding output driver
in a High-impedance mode. A ‘0’ in the TRISB register
puts the contents of the output latch on the selected
pin(s).

PORTB is multiplexed with the external interrupt,
USART, CCP module and the TMR1 clock input/output.
The standard port functions and the alternate port
functions are shown in Table 5-3. Alternate port
functions may override the TRIS setting when enabled.

Reading PORTB 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. So a write
to a port implies that the port pins are first read, then
this value is modified and written to the port data latch.

Each of the PORTB pins has a weak internal pull-up
(=200 pA typical). A single control bit can turn on all the
pull-ups. This is done by clearing the RBPU
(OPTION<7>) bit. The weak pull-up is automatically
turned off when the port pin is configured as an output.
The pull-ups are disabled on Power-on Reset.

Four of PORTB's pins, RB<7:4>, have an interrupt-on-
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB<7:4> pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RB<7:4>)
are compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB<7:4>
are OR’ed together to generate the RBIF interrupt (flag
latched in INTCON<0>).

This interrupt can wake the device from Sleep. The
user, in the interrupt service routine, can clear the
interrupt in the following manner:

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

b) Clear flag bit RBIF.

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

This interrupt on mismatch feature, together with
software configurable pull-ups on these four pins allow
easy interface to a key pad and make it possible for
wake-up on key-depression (See Application Note
AN552 “Implementing Wake-up on Key Strokes”
(DS00552).

Note: If a change on the I/O pin should occur
when a read operation is being executed
(start of the Q2 cycle), then the RBIF

interrupt flag may not get set.

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

FIGURE 5-8: BLOCK DIAGRAM OF
RBO/INT PIN
___ VDD
RBPU
@o—d P Weak Pull-up
VDD
Data Bus
D Q
RBO/INT
WR PORTB el 5
Data Latch Vss
[ D Q
WR TRISB el 3
TRIS Latch
RD TRISB j |TnTp|Lt
Buffer
e} DI ’—0
EN
RD PORTB
- INT . >
Schmitt |
Trigger
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BLOCK DIAGRAM OF
RB1/RX/DT PIN

FIGURE 5-9:

VDD

RBPU Weak
SPEN —J:}O—OI p Pull-up
A VDD
1
0

USART Data Output

Data Bus D Q RB1/
RX/DT
WR PORTB Cg\_a
Data Latch Vss
e— D Q
WR TRISB —
AL N e e
TRIS Latch
Peripheral OE®
¢ TTL
RD TRISB Input
Buffer
—< '7 Q b—<C '_"
EN
RD PORTB {>O _‘
__ USART Receive Input 7
Schmitt |
Trigger

Note 1: Peripheral OE (output enable) is only active if
peripheral select is active.

FIGURE 5-10: BLOCK DIAGRAM OF
RB2/TX/CK PIN
VDD
RBPU Weak
SPEN —JDO—d p Pull-up
* VDD
USART TX/CK Output A
Data Bus RB2/
D Q y TX/CK
WR PORTB —
P_\_Q
Data Latch Vss
e— D Q
WR TRISB CE\—a
TRIS Latch
Peripheral OE®

<-4
|

RD PORTB

. <r TTL
Input
RD TRISB Buffer
Q

< USART Slave Clock In _/l
Schmitt |
Trigger

Note 1: Peripheral OE (output enable) is only active if
peripheral select is active.
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FIGURE 5-11: BLOCK DIAGRAM OF
RB3/CCP1 PIN
_ VDD
RBPU Weak
CCP1CON p Pullup
p VDD
CCP output
0
Data Bus RB3/
D Q p CCP1
WR PORTB —
P_\_Q
Data Latch Vss
— D Q
WR TRISB CE\—G
TRIS Latch
Peripheral OE@

<
:

RD PORTB

p <r TTL
Input
RD TRISB Buffer
Q

<cePm /|
Schmitt |
Trigger

Note 1: Peripheral OE (output enable) is only active if
peripheral select is active.
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FIGURE 5-12: BLOCK DIAGRAM OF RB4/PGM PIN
_— VDD
RBPU E’
Do_q P weak pull-up
Data Bus
D Q VDD
WR PORTB E C}Z\_a
Data Latch ,\ {E
D 0 RB4/PGM
WR TRISB Cz\_a
[ Vss
TRIS Latch
e
RD TRISB \!\1
LVP (Configuration Bit)
/\II
RD PORTB
PGM input |
- 7 |
Schmitt TTL
Trigger input
99 buffer
D
EN Q1
Set RBIF : g(
From other < ( P D
RB<7:4> pins
Note: The low-voltage programming disables the interrupt-on-change and the weak pull-ups on RBA4.
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FIGURE 5-13: BLOCK DIAGRAM OF RB5 PIN
VDD
RBPU D_q 5 weak VDD
pull-up
Data Bus 5 o . —fg ;E
RB5 pin
WR PORTB C}Z\_a
Data Latch
Vss
D Q—¢ ™~
WR TRISB Clz\_a
TRIS Latch TTL
:7 input
buffer

q
RD TRISB ]il
pd

RD PORTB

Set RBIF j

From other
RB<7:4> pins

EN

Q1

|

EN

pUcE
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FIGURE 5-14: BLOCK DIAGRAM OF RB6/T10SO/T1CKI/PGC PIN
S V
RBPU E|D£
D—d P weak pull-up
Data Bus
P Q VDD
WR PORTB CE\_G —}E
Data Latch ™~ @
RB6/
D Qr—e T10S0/
T1CKI/
WR TRISB — PGC
CE\_Q »_L/ pin
Vss
TRIS Latch )
]
RD TRISB \,\]
T1O0SCEN
TTL
/\Il @ input
buff
RD PORTB utter
TMR1 Clock |
- 4 |
Schmitt
From RB7 Trigger ||>0
Serial Programming Clock TMR1 oscillator
-
Q D
EN Q1
Set RBIF
-
From other Q D [—
RB<7:4> pins
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FIGURE 5-15: BLOCK DIAGRAM OF THE RB7/T10SI/PGD PIN
RBPU VDD
Do_d weak pull-up
To RB6 TMR1 oscillator
VDD
Data Bus D 0
4
WR PORTB Clz\—a RB7/T10Sl/
PGD pin
Data Latch
D Qr—+ Vss
WR TRISB cEN_G
TRIS Latch

RD TRISB

T10SCEN

]

RD PORTB

~

Serial Programming Input

Set RBIF

Cf

Z

TTL
input
buffer

From other
RB<7:4> pins

Schmitt
Trigger

EN

Q1

4@77%

DS40044C-page 42

© 2005 Microchip Technology Inc.



PIC16F627A/628A/648A

TABLE 5-3: PORTB FUNCTIONS
. Output -
Name Function | Input Type Type Description
RBO/INT RBO TTL CMOS Bidirectional I/O port. Can be software programmed for
internal weak pull-up.
INT ST — External interrupt
RB1/RX/DT RB1 TTL CMOS Bidirectional I/O port. Can be software programmed for
internal weak pull-up.
RX ST — USART Receive Pin
DT ST CMOS Synchronous data 1/0
RB2/TX/CK RB2 TTL CMOS Bidirectional I/O port
TX — CMOS USART Transmit Pin
CK ST CMOS Synchronous Clock 1/0. Can be software programmed
for internal weak pull-up.
RB3/CCP1 RB3 TTL CMOS Bidirectional I/O port. Can be software programmed for
internal weak pull-up.

CCP1 ST CMOS Capture/Compare/PWM/I/O

RB4/PGM RB4 TTL CMOS Bidirectional I/O port. Interrupt-on-pin change. Can be
software programmed for internal weak pull-up.

PGM ST — Low-voltage programming input pin. When low-voltage
programming is enabled, the interrupt-on-pin change
and weak pull-up resistor are disabled.

RB5 RB5 TTL CMOS Bidirectional I/O port. Interrupt-on-pin change. Can be
software programmed for internal weak pull-up.
RB6/T10SO/T1CKl/ RB6 TTL CMOS Bidirectional I/O port. Interrupt-on-pin change. Can be
PGC software programmed for internal weak pull-up.
T10SO — XTAL Timerl Oscillator Output
T1CKI ST — Timerl Clock Input
PGC ST — ICSP™ Programming Clock
RB7/T10SI/PGD RB7 TTL CMOS Bidirectional I/O port. Interrupt-on-pin change. Can be
software programmed for internal weak pull-up.
T10SI XTAL — Timerl Oscillator Input
PGD ST CMOS ICSP Data I/O
Legend: O = Output CMOS = CMOS Output P = Power
— = Not used | = Input ST = Schmitt Trigger Input
TTL = TTL Input oD = Open Drain Output AN = Analog
TABLE 5-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR All Other
Resets
06h, 106h | PORTB | RB7 RB6 RB5 | RB4W | RB3 RB2 RB1 RBO | xxxx xxxx | uuuu uuuu
86h, 186h | TRISB | TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO | 1111 1111 | 1111 1111
81h, 181h | OPTION | RBPU | INTEDG | TOCS | TOSE PSA PS2 PS1 PSO | 1111 1111|1111 1111
Legend: u = unchanged, x = unknown. Shaded cells are not used for PORTB.

Note 1:

LVP configuration bit sets RB4 functionality.
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5.3 I/O Programming Considerations

531 BIDIRECTIONAL I/O PORTS

Any instruction that writes operates internally as a read
followed by a write operation. The BCF and BSF
instructions, for example, read the register into the
CPU, execute the bit operation and write the result
back to the register. Caution must be used when these
instructions are applied to a port with both inputs and
outputs defined. For example, a BSF operation on bit 5
of PORTB will cause all eight bits of PORTB to be read
into the CPU. Then the BSF operation takes place on
bit 5 and PORTB is written to the output latches. If
another bit of PORTB is used as a bidirectional I/O pin
(e.g., bit 0) and is defined as an input at this time, the
input signal present on the pin itself would be read into
the CPU and rewritten to the data latch of this particular
pin, overwriting the previous content. As long as the pin
stays in the Input mode, no problem occurs. However,
if bit O is switched into Output mode later on, the
content of the data latch may now be unknown.

Reading a port register reads the values of the port
pins. Writing to the port register writes the value to the
port latch. When using read-modify-write instructions
(ex. BCF, BSF, etc.) on a port, the value of the port pins
is read, the desired operation is done to this value, and
this value is then written to the port latch.

Example 5-2 shows the effect of two sequential read-
modify-write instructions (ex., BCF, BSF, etc.) on an
1/0O port.

A pin actively outputting a Low or High should not be
driven from external devices at the same time in order
to change the level on this pin (“wired-OR”, “wired-
AND"). The resulting high output currents may damage
the chip.

EXAMPLE 5-2: READ-MODIFY-WRITE
INSTRUCTIONS ON AN
I/O PORT

;Initial PORT settings:PORTB<7:4> Inputs
; PORTB<3:0> Outputs
;PORTB<7:6> have external pull-up and are

;not connected to other circuitry
i
; PORT latchPORT Pins

BCF STATUS, RPO H
BCF PORTB, 7 ;0lpp pppp 1llpp PPpPp
BSF STATUS, RPO H
BCF TRISB, 7 i10pp pppp 11lpp PPPP
BCF TRISB, 6 i10pp pppp 10pp PPpPp

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

53.2 SUCCESSIVE OPERATIONS ON I/O

PORTS

The actual write to an I/O port happens at the end of
an instruction cycle, whereas for reading, the data
must be valid at the beginning of the instruction cycle
(Figure 5-16). Therefore, care must be exercised if a
write followed by a read operation is carried out on the
same I/O port. The sequence of instructions should be
such to allow the pin voltage to stabilize (load
dependent) before the next instruction, which causes
that file to be read into the CPU, is executed. Other-
wise, the previous state of that pin may be read into
the CPU rather than the new state. When in doubt, it
is better to separate these instructions with a NOP or
another instruction not accessing this 1/0 port.

FIGURE 5-16: SUCCESSIVE I/0 OPERATION

01l Q2l@3la i1l 2lo3loa il Q2losloa il Q2loslqs
| | | | | |
PC 1 PC X PC+1 X | PC+2 X PC+3 !
Instruction ' yoywr PORTB | MOVF PORTB,W | |  NOP : NOP |
fetched | write to PORTB | Readto PORTB | | | |
| | [ ! | I
I I I ! [ I
| | XXX | :
I I [ I |
[ [ (- TPort pin [ I
[ ! 1, 'sampled here | [
| | | | |
! ! TPD—» ! . ! '
: : Execute : Execute | Execute
. . MOVWF . MOVF , NOP .

PORTB PORTB, W

Note 1: This example shows write to PORTB followed by a read from PORTB.

2: Data setup time = (0.25 Tcy - TpD) where Tcy = instruction cycle and TpD = propagation delay of Q1 cycle
to output valid. Therefore, at higher clock frequencies, a write followed by a read may be problematic.
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6.0 TIMERO MODULE

The TimerO module timer/counter has the following
features:

* 8-bit timer/counter

» Read/write capabilities

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

« Interrupt on overflow from FFh to 00h
« Edge select for external clock

Figure 6-1 is a simplified block diagram of the TimerO
module. Additional information is available in the
“PICmicro® Mid-Range MCU Family Reference Manual”
(DS33023).

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

Counter mode is selected by setting the TOCS bit. In
this mode the TMRO register value will increment either
on every rising or falling edge of pin RA4/TOCKI/CMP2.
The incrementing edge is determined by the source
edge (TOSE) control bit (OPTION<4>). Clearing the
TOSE bit selects the rising edge. Restrictions on the
external clock input are discussed in detail in
Section 6.2 “Using Timer0 with External Clock”.

The prescaler is shared between the TimerO module
and the Watchdog Timer. The prescaler assignment is
controlled in software by the control bit PSA
(OPTION<3>). Clearing the PSA bit will assign the
prescaler to Timer0. The prescaler is not readable or
writable. When the prescaler is assigned to the Timer0
module, prescale value of 1:2, 1:4,.., 1:256 are
selectable. Section 6.3 “Timer0O Prescaler” details
the operation of the prescaler.

6.1 TimerO Interrupt

TimerO interrupt is generated when the TMRO register
timer/counter overflows from FFh to 00h. This overflow
sets the TOIF bit. The interrupt can be masked by
clearing the TOIE bit (INTCON<5>). The TOIF bit
(INTCON<2>) must be cleared in software by the
Timer0 module interrupt service routine before re-
enabling this interrupt. The TimerO interrupt cannot
wake the processor from Sleep since the timer is shut
off during Sleep.

6.2 Using TimerO with External Clock

When an external clock input is used for TimerO0, it must
meet certain requirements. The external clock
requirement is due to internal phase clock (Tosc)
synchronization. Also, there is a delay in the actual
incrementing of TimerO after synchronization.

6.2.1 EXTERNAL CLOCK
SYNCHRONIZATION

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization
of TOCKI with the internal phase clocks is
accomplished by sampling the prescaler output on the
Q2 and Q4 cycles of the internal phase clocks
(Figure 6-1). Therefore, it is necessary for TOCKI to be
high for at least 2Tosc (and a small RC delay of 20 ns)
and low for at least 2Tosc (and a small RC delay of
20 ns). Refer to the electrical specification of the
desired device.

When a prescaler is used, the external clock input is
divided by the asynchronous ripple-counter type
prescaler so that the prescaler output is symmetrical.
For the external clock to meet the sampling
requirement, the ripple-counter must be taken into
account. Therefore, it is necessary for TOCKI to have a
period of at least 4Tosc (and a small RC delay of 40 ns)
divided by the prescaler value. The only requirement
on TOCKI high and low time is that they do not violate
the minimum pulse width requirement of 10 ns. Refer to
parameters 40, 41 and 42 in the electrical specification
of the desired device. See Table 17-8.
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6.3

An 8-bit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer. A prescaler assignment for the Timer0 module
means that there is no postscaler for the Watchdog
Timer, and vice-versa.

TimerO Prescaler

The PSA and PS<2:0> bits (OPTION<3:0>) determine
the prescaler assignment and prescale ratio.

When assigned to the Timer0 module, all instructions
writing to the TMRO register (e.g., CLRF 1, MOVWF 1,
BSF 1, x....etc.) will clear the prescaler. When
assigned to WDT, a CLRWDT instruction will clear the
prescaler along with the Watchdog Timer. The prescaler
is not readable or writable.

FIGURE 6-1: BLOCK DIAGRAM OF THE TIMERO/WDT
Fosc/4 Data Bus
8
0
TOCKI 1 SYNC
pin D 1 2 TMRO Reg
0 Cycles
TOSE TOCS
Set flag bit TOIF
TMRL1 Clock Source PSA on Overflow
0
WDT Postscaler/
Watchdog 1 TMRO Prescaler
Timer
{ 0

WDT Enable bit

\ 8-t0-1M PS<2:0>

Note:

PSA

TOSE, TOCS, PSA, PS<2:0> are bits in the Option Register.

WDT
Time-out
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6.3.1 SWITCHING PRESCALER
ASSIGNMENT

The prescaler assignment is fully under software
control (i.e., it can be changed “on-the-fly” during
program execution). Use the instruction sequences
shown in Example 6-1 when changing the prescaler
assignment from Timer0 to WDT, to avoid an
unintended device Reset.

EXAMPLE 6-1: CHANGING PRESCALER
(TIMERO — WDT)

BCF STATUS, RPO ;Skip if already in
;Bank 0

CLRWDT ;Clear WDT

CLRF TMRO ;Clear TMRO and
;Prescaler

BSF STATUS, RPO ;Bank 1

MOVLW '00101111'b ;These 3 lines

;(5, 6, 7)

;are required only
;1f desired PS<2:0>
;are

CLRWDT ;000 or 001

MOVLW '00101xxx'Db ;Set Postscaler to
MOVWF OPTION_REG ;desired WDT rate
BCF STATUS, RPO ;Return to Bank 0

MOVWF OPTION_REG

TABLE 6-1:

To change prescaler from the WDT to the TimerO
module, use the sequence shown in Example 6-2. This
precaution must be taken even if the WDT is disabled.

EXAMPLE 6-2: CHANGING PRESCALER
(WDT — TIMERO)
CLRWDT ;Clear WDT and
iprescaler
BSF STATUS, RPO

MOVLW b'xxxx0xxx'’ ;Select TMRO, new
iprescale value and
;clock source

MOVWF OPTION_REG

BCF STATUS, RPO

REGISTERS ASSOCIATED WITH TIMERO

Address Name Bit 7 Bit 6 Bit 5 Bit 4

value on Value on
Bit 3 Bit 2 Bit 1 Bit 0 All Other
POR
Resets

01h, 101h |TMRO Timer0 Module Register

XXXX XXXX | uuuu uuuu

0Bh, 8Bh,
10Bh, 18Bh

INTCON GIE PEIE TOIE INTE

RBIE TOIF INTF RBIF [ 0000 000x | 0000 000u

81h, 181h |OPTION® | RBPU |INTEDG| TOCS TOSE

PSA PS2 PS1 PSO 1111 1111|1111 1111

85h TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4

TRISA3 | TRISA2 | TRISA1 | TRISAO | 1111 1111|1111 1111

Legend: - = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used for Timer0.
Note 1: Option is referred by OPTION REG in MPLAB® IDE Software.
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7.0 TIMER1 MODULE

The Timerl module is a 16-bit timer/counter consisting
of two 8-bit registers (TMR1H and TMR1L) which are
readable and writable. The TMR1 register pair
(TMR1H:TMR1L) increments from 0000h to FFFFh
and rolls over to 0000h. The Timerl Interrupt, if
enabled, is generated on overflow of the TMR1 register
pair which latches the interrupt flag bit TMRI1IF
(PIR1<0>). This interrupt can be enabled/disabled by
setting/clearing the Timer1 interrupt enable bit TMR1IE
(PIE1<0>).

Timerl can operate in one of two modes:

* As atimer
¢ As a counter

The Operating mode is determined by the clock select
bit, TMR1CS (T1CON<1>).

In Timer mode, the TMR1 register pair value
increments every instruction cycle. In Counter mode, it
increments on every rising edge of the external clock
input.

Timerl can be enabled/disabled by setting/clearing
control bit TMR1ON (T1CON<0>).

Timerl also has an internal “Reset input”. This Reset
can be generated by the CCP module (Section 9.0
“Capture/Compare/PWM (CCcP) Module”).
Register 7-1 shows the Timerl control register.

For the PIC16F627A/628A/648A, when the Timerl
oscillator is enabled (TLIOSCEN is set), the RB7/
T10SI/PGD and RB6/T10SO/T1CKI/PGC pins
become inputs. That is, the TRISB<7:6> value is
ignored.

REGISTER 7-1: T1CON — TIMER1 CONTROL REGISTER (ADDRESS: 10h)
u-0 u-o RIW-0  R/W-0 R/W-0 RIW-0 RMW-0  R/W-0
| — | — [tickpsi|TickPso| T10SCEN |TISYNC | TMRICS | TMRION
bit 7 bit 0
bit 7-6 Unimplemented: Read as ‘0’

bit 5-4 T1CKPS<1:0>: Timerl Input Clock Prescale Select bits

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

bit 3 T10OSCEN: Timerl Oscillator Enable Control bit

1 = Oscillator is enabled
0 = Oscillator is shut off(})

bit 2 T1SYNC: Timerl External Clock Input Synchronization Control bit

TMR1CS =1

1 = Do not synchronize external clock input

0 = Synchronize external clock input

TIMRICS =0

This bit is ignored. Timerl uses the internal clock when TMR1CS = 0.
bit 1 TMR1CS: Timerl Clock Source Select bit
1 = External clock from pin RB6/T10SO/T1CKI/PGC (on the rising edge)

0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timerl On bit

1 = Enables Timerl
0 = Stops Timerl

Note 1: The oscillator inverter and feedback resistor are turned off to eliminate power drain.

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

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bitis cleared X = Bit is unknown
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7.1

Timer mode is selected by clearing the TMR1CS
(TLCON<1>) bit. In this mode, the input clock to the
timer is Fosc/4. The synchronize control bit TLSYNC
(TLCON<2>) has no effect since the internal clock is
always in sync.

Timerl Operation in Timer Mode

7.2 Timerl Operation in Synchronized

Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode, the TMRL1 register pair value increments on
every rising edge of clock input on pin RB7/T10SI/PGD
when bit TLOSCEN is set or pin RB6/T10SO/T1CKl/
PGC when bit TLOSCEN is cleared.

If TLSYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synchro-
nization is done after the prescaler stage. The
prescaler stage is an asynchronous ripple-counter.

In this configuration, during Sleep mode, the TMR1
register pair value will not increment even if the
external clock is present, since the synchronization
circuit is shut off. The prescaler however will continue
to increment.

7.2.1 EXTERNAL CLOCK INPUT TIMING
FOR SYNCHRONIZED COUNTER

MODE

When an external clock input is used for Timerl in
Synchronized Counter mode, it must meet certain
requirements. The external clock requirement is due to
internal phase clock (Tosc) synchronization. Also,
there is a delay in the actual incrementing of the TMR1
register pair value after synchronization.

When the prescaler is 1:1, the external clock input is
the same as the prescaler output. The synchronization
of T1CKI with the internal phase clocks is accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks. Therefore, it is
necessary for T1CKI to be high for at least 2 Tosc (and
a small RC delay of 20 ns) and low for at least 2 Tosc
(and a small RC delay of 20 ns). Refer to Table 17-8 in
the Electrical Specifications Section, timing parameters
45, 46 and 47.

When a prescaler other than 1:1 is used, the external
clock input is divided by the asynchronous ripple-counter
type prescaler so that the prescaler output is symmetri-
cal. In order for the external clock to meet the sampling
requirement, the ripple-counter must be taken into
account. Therefore, it is necessary for TLCKI to have a
period of at least 4 Tosc (and a small RC delay of 40 ns)
divided by the prescaler value. The only requirement on
T1CKI high and low time is that they do not violate the
minimum pulse width requirements of 10 ns). Refer to
the appropriate electrical specifications in Table 17-8,
parameters 45, 46 and 47.

FIGURE 7-1: TIMER1 BLOCK DIAGRAM
Set flag bit
TMRLIF on
Overflow 0l Synchronized
TMR1 Clock Input
TMR1H ‘ TMR1L .
1| ——
TMR10ON
ose risme
RB6/T10SO/T1CKI/PGC @ * * ,\ 1 -
' l‘// Synchronize
. Prescaler |
T10SCEN  Fosc/4 1,2,4,8 A det
Enable Internal 0 |
RB7/T10SI/PGD Oscillator®™  cjock } 2
Sleep Input
"""" T1CKPS<1:0>
TMR1CS
Note 1. When the TLOSCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.
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7.3 Timerl Operation in
Asynchronous Counter Mode

If control bit TLSYNC (T1CON<2>) is set, the external
clock input is not synchronized. The timer continues to
increment asynchronous to the internal phase clocks.
The timer will continue to run during Sleep and can
generate an interrupt on overflow, which will wake-up the
processor. However, special precautions in software are
needed to read/write the timer (Section 7.3.2 “Reading
and Writing Timerl in Asynchronous Counter
Mode”).

Note: In Asynchronous Counter mode, Timerl
cannot be used as a time base for capture
or compare operations.

7.3.1 EXTERNAL CLOCK INPUT TIMING
WITH UNSYNCHRONIZED CLOCK

If control bit TLSYNC is set, the timer will increment
completely asynchronously. The input clock must meet
certain minimum high and low time requirements. Refer
to Table 17-8 in the Electrical Specifications Section,
timing parameters 45, 46 and 47.

7.3.2 READING AND WRITING TIMER1 IN
ASYNCHRONOUS COUNTER
MODE

Reading the TMR1H or TMRLL register, while the timer
is running from an external asynchronous clock, will
produce a valid read (taken care of in hardware).
However, the user should keep in mind that reading the
16-bit timer in two 8-bit values itself poses certain
problems since the timer may overflow between the
reads.

For writes, it is recommended that the user simply stop
the timer and write the desired values. A write
contention may occur by writing to the timer registers
while the register is incrementing. This may produce an
unpredictable value in the timer register.

Reading the 16-bit value requires some care.
Example 7-1 is an example routine to read the 16-bit
timer value. This is useful if the timer cannot be
stopped.

EXAMPLE 7-1: READING A 16-BIT FREE-

RUNNING TIMER

; All interrupts are disabled

MOVF TMR1H, W ;Read high byte
MOVWF TMPH ;

MOVF TMR1L, W ;Read low byte
MOVWF TMPL ;

MOVF TMR1H, W ;Read high byte
SUBWF TMPH, W ;Sub 1st read with

;2nd read

BTFSC STATUS, Z ;Is result = 0
GOTO CONTINUE ;Good 16-bit read

; TMR1L may have rolled over between the
; read of the high and low bytes. Reading
; the high and low bytes now will read a good

; value.
MOVF TMR1H, W ;Read high byte
MOVWF TMPH ;
MOVF TMR1L, W ;Read low byte

MOVWF TMPL H
; Re-enable the Interrupts (if required)

CONTINUE ;Continue with your

;code
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7.4 Timerl Oscillator

A crystal oscillator circuit is built in between pins T10SI
(input) and T1OSO (amplifier output). It is enabled by
setting control bit TLOSCEN (T1CON<3>). It will
continue to run during Sleep. It is primarily intended for
a 32.768 kHz watch crystal. Table 7-1 shows the
capacitor selection for the Timerl oscillator.

The user must provide a software time delay to ensure
proper oscillator start-up.

TABLE 7-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Freq C1 C2
32.768 kHz 15 pF 15 pF
Note:  These values are for design guidance only.

Consult Application Note AN826 “Crystal
Oscillator Basics and Crystal Selection for
rfPIC® and PICmicro® Devices” (DS00826)
for further information on Crystal/Capacitor

7.5 Resetting Timerl Using a CCP

Trigger Output

If the CCP1 module is configured in Compare mode to
generate a “special event trigger” (CCP1M<3:0> =
1011), this signal will reset Timer1.

Note:  The special event triggers from the CCP1

module will not set interrupt flag bit

TMR1IF (PIR1<0>).

Timerl must be configured for either timer or
Synchronized Counter mode to take advantage of this
feature. If Timerl is running in Asynchronous Counter
mode, this Reset operation may not work.

In the event that a write to Timerl coincides with a
special event trigger from CCP1, the write will take
precedence.

In this mode of operation, the CCPRxH:CCPRxL
register pair effectively becomes the period register for
Timerl.

7.6 Resetting Timerl Register Pair

Selection.
(TMR1H, TMR1L)
TMR1H and TMRLL registers are not reset to 00h on
a POR or any other Reset except by the CCP1 special
event triggers (see Section 9.2.4 “Special Event
Trigger”).
T1CON register is reset to 00h on a Power-on Reset or
a Brown-out Reset, which shuts off the timer and
leaves a 1:1 prescale. In all other Resets, the register
is unaffected.
7.7 Timerl Prescaler
The prescaler counter is cleared on writes to the
TMR1H or TMRI1L registers.
TABLE 7-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER
Value on
Address | Name | Bit7 | Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 VaLLgR‘)” all other
Resets
0Bh, 8Bh, | INTCON | GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
10Bh, 18Bh
och PIR1 EEIF | CMIF RCIF TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 | 0000 -000
8Ch PIE1 EEIE | CMIE RCIE TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000 | 0000 -000
OEh TMRI1L | Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX | uuuu uuuu
OFh TMR1H | Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX | uuuu uuuu
10h T1CON — | — | T1CKPS1 | TICKPSO | TIOSCEN | T1SYNC | TMR1CS | TMRION | --00 0000 | --uu uuuu
Legend: x = unknown, u = unchanged, - = unimplemented read as ‘0’. Shaded cells are not used by the Timerl module.
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8.0 TIMER2 MODULE

Timer2 is an 8-hit timer with a prescaler and a
postscaler. It can be used as the PWM time base for
PWM mode of the CCP module. The TMR2 register is
readable and writable, and is cleared on any device
Reset.

The input clock (Fosc/4) has a prescale option of 1:1,
1:4 or 1:16, selected by control bits T2CKPS<1:0>
(T2CON<1:0>).

The Timer2 module has an 8-bit period register PR2.
The TMR2 register value increments from 00h until it
matches the PR2 register value and then resets to 00h
on the next increment cycle. The PR2 register is a
readable and writable register. The PR2 register is
initialized to FFh upon Reset.

The match output of Timer2 goes through a 4-bit
postscaler (which gives a 1:1 to 1:16 scaling inclusive)
to generate a Timer2 interrupt (latched in flag bit
TMR2IF, (PIR1<1>)).

Timer2 can be shut off by clearing control bit TMR20N
(T2CON<2>) to minimize power consumption.

Register 8-1 shows the Timer2 control register.

8.1 Timer2 Prescaler and Postscaler

The prescaler and postscaler counters are cleared

when any of the following occurs:

< awrite to the TMR2 register

« awrite to the T2CON register

« any device Reset (Power-on Reset, MCLR Reset,
Watchdog Timer Reset or Brown-out Reset)

The TMR2 register is not cleared when T2CON is
written.

8.2 TMR2 Output

The TMR2 output (before the postscaler) is fed to the
Synchronous Serial Port module which optionally uses
it to generate shift clock.

FIGURE 8-1: TIMER2 BLOCK DIAGRAM
Sets flag
bit TMR2IF | [R5
Reset Prescaler
> TMR2 R
11, 1:4, 1:16] T 054
Postscaler Comparator /I/ 2

111 to 1:116| EQ

}a

TOUTPS<3:0>

T2CKPS<1:0>

PR2 Reg
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REGISTER 8-1: T2CON — TIMER2 CONTROL REGISTER (ADDRESS: 12h)
u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— TOUTPS3 | TOUTPS2 | TOUTPS1 ‘ TOUTPSO | TMR20ON | T2CKPS1 | T2CKPS0
bit 7 bit 0
bit 7 Unimplemented: Read as ‘0’
bit 6-3 TOUTPS<3:0>: Timer2 Output Postscale Select bits
0000 = 1:1 Postscale Value
0001 = 1:2 Postscale Value
1111 = 1:16 Postscale
bit 2 TMR20ON: Timer2 On bit
1 =Timer2 is on
0 = Timer2 is off
bit 1-0 T2CKPS<1:0>: Timer2 Clock Prescale Select bits
00 = 1:1 Prescaler Value
01 = 1:4 Prescaler Value
1x = 1:16 Prescaler Value
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
TABLE 8-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER
Address | Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 Va;‘geRO” ﬁllcjaeihoe?
Resets
0Bh, 88Bh, |INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
10Bh, 18Bh
0Ch PIR1 EEIF CMIF RCIF TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000| 0000 -000
8Ch PIE1 EEIE CMIE RCIE TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000]0000 -000
11h TMR2 | Timer2 Module’s Register 0000 0000|0000 0000
12h T2CON — |TOUTPS3 | TOUTPS2 ‘ TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 ‘ T2CKPSO | -000 0000 | -000 0000
92h PR2 Timer2 Period Register 1111 1111|1111 1111
Legend: x = unknown, u = unchanged, - = unimplemented read as ‘0’. Shaded cells are not used by the Timer2 module.
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NOTES:
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9.0 CAPTURE/COMPARE/PWM
(CCP) MODULE

The CCP (Capture/Compare/PWM) module contains a
16-hit register which can operate as a 16-bit Capture
register, as a 16-bit Compare register or as a PWM
master/slave Duty Cycle register. Table 9-1 shows the
timer resources of the CCP module modes.

CCP1 Module

Capture/Compare/PWM  Registerl (CCPR1) is
comprised of two 8-bit registers: CCPR1L (low byte)
and CCPR1H (high byte). The CCP1CON register
controls the operation of CCP1. All are readable and
writable.

Additional information on the CCP module is available
in the “PICmicro® Mid-Range MCU Family Reference
Manual” (DS33023).

TABLE 9-1: CCP MODE - TIMER

RESOURCE
CCP Mode Timer Resource
Capture Timerl
Compare Timerl
PWM Timer2

REGISTER 9-1: CCP1CON — CCP OPERATION REGISTER (ADDRESS: 17h)

u-0 u-0 RIW-0  R/W-0 R/W-0 RW-0 R/MW-0  R/W-0
— — CCP1X | CCP1lY | CCPIM3 |CCP1M2|CCP1M1|CCP1MO
bit 7 bit 0

bit 7-6 Unimplemented: Read as ‘0’

bit 5-4 CCP1X:CCP1Y: PWM Least Significant bits

Capture Mode
Unused

Compare Mode
Unused
PWM Mode

These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRXxL.
bit 3-0 CCP1M<3:0>: CCPx Mode Select bits

0000 = Capture/Compare/PWM off (resets CCP1 module)
0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCPL1IF bit is set)

1001 = Compare mode, clear output on match (CCP1IF bit is set)

1010 = Compare mode, generate software interrupt on match (CCP1IF bit is set, CCP1 pin is

unaffected)

1011 = Compare mode, trigger special event (CCP1IF bit is set; CCP1 resets TMR1

11xx = PWM mode

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

U = Unimplemented bit, read as ‘0’
‘0’ = Bitis cleared X = Bit is unknown
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9.1 Capture Mode

In Capture mode, CCPR1H:CCPRI1L captures the
16-bit value of the TMRL1 register when an event occurs
on pin RB3/CCPL1. An event is defined as:

« Every falling edge

« Every rising edge

« Every 4th rising edge

« Every 16th rising edge

An event is selected by control bits CCP1M<3:0>
(CCP1CON<3:0>). When a capture is made, the
interrupt request flag bit CCP1IF (PIR1<2>) is set. It
must be cleared in software. If another capture occurs
before the value in register CCPR1 is read, the old
captured value will be lost.

9.11 CCP PIN CONFIGURATION

In Capture mode, the RB3/CCP1 pin should be config-
ured as an input by setting the TRISB<3> bit.

Note: If the RB3/CCP1 is configured as an
output, a write to the port can cause a
capture condition.

FIGURE 9-1: CAPTURE MODE
OPERATION BLOCK

DIAGRAM

Set flag bit CCP1IF

Prescaler (PIR1<2>)
Ei 31,4,16
RB3/CCP1 | ccPrin [ ccpriL |
pin
and Capture
edge detect Enable

| TMRIH | TMRIL |

CCP1CON<3:0>
Q's

9.1.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode or Synchro-
nized Counter mode for the CCP module to use the
capture feature. In Asynchronous Counter mode, the
capture operation may not work.

9.1.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCP1IE (PIE1<2>) clear to avoid false interrupts and
should clear the flag bit CCP1IF following any such
change in Operating mode.

9.14 CCP PRESCALER

There are four prescaler settings, specified by bits
CCP1M<3:0>. Whenever the CCP module is turned
off, or the CCP module is not in Capture mode, the
prescaler counter is cleared. This means that any
Reset will clear the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will not
be cleared, therefore the first capture may be from a
non-zero  prescaler. Example 9-1 shows the
recommended method for switching between capture
prescalers. This example also clears the prescaler
counter and will not generate the “false” interrupt.
EXAMPLE 9-1: CHANGING BETWEEN
CAPTURE PRESCALERS
CLRF CCP1CON ;Turn CCP module off
MOVLW NEW_CAPT PS;Load the W reg with

; the new prescaler

; mode value and CCP ON
;Load CCP1CON with this
; value

MOVWF CCP1CON

9.2 Compare Mode

In Compare mode, the 16-bit CCPRL1 register value is
constantly compared against the TMR1 register pair
value. When a match occurs, the RB3/CCP1 pin is:

« Driven high

 Driven low

* Remains unchanged

The action on the pin is based on the value of control

bits CCP1M<3:0> (CCP1CON<3:0>). At the same
time, interrupt flag bit CCP1IF is set.

FIGURE 9-2: COMPARE MODE
OPERATION BLOCK
DIAGRAM
Set flag bit CCP1IF
(PIR1<2>)
CCPR1H| CCPR1L
Q sH \
Qup
RB3/CCP1 R -9 match R
pin
TRISB<3>
Output Enable  cCcpP1CON<3:0> TVRIA| TMRIL
Mode Select
Note: Special event trigger will reset Timerl, but not
set interrupt flag bit TMR1IF (PIR1<0>).
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9.2.1 CCP PIN CONFIGURATION

The user must configure the RB3/CCP1 pin as an
output by clearing the TRISB<3> bit.

Note:  Clearing the CCP1CON register will force
the RB3/CCP1 compare output latch to
the default low level. This is not the data
latch.

9.2.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode or Synchro-
nized Counter mode if the CCP module is using the
compare feature. In Asynchronous Counter mode, the
compare operation may not work.

9.2.3 SOFTWARE INTERRUPT MODE

When generate software interrupt is chosen the CCP1
pin is not affected. Only a CCP interrupt is generated (if
enabled).

9.2.4 SPECIAL EVENT TRIGGER

In this mode (CCP1M<3:0>=1011), an internal hard-
ware trigger is generated, which may be used to initiate
an action. See Register 9-1.

The special event trigger output of the CCP occurs
immediately upon a match between the TMRI1H,
TMRI1L register pair and CCPR1H, CCPRLL register
pair. The TMR1H, TMRLL register pair is not reset until
the next rising edge of the TMR1 clock. This allows the
CCPRL1 register pair to effectively be a 16-bit program-
mable period register for Timerl. The special event
trigger output also starts an A/D conversion provided
that the A/D module is enabled.

Note:  Removing the match condition by chang-
ing the contents of the CCPR1H, CCPR1L
register pair between the clock edge that
generates the special event trigger and

the clock edge that generates the TMR1

Reset will preclude the Reset from
occuring.
TABLE 9-2: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, AND TIMER1
value on Value on
Address Name Bit 7 | Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR
Resets
0Bh, 8Bh, [INTCON GIE | PEIE TOIE INTE RBIE TOIF INTF RBIF |0000 000x|0000 000u
10Bh, 18Bh
0Ch PIR1 EEIF |CMIF| RCIF TXIF = CCP1IF | TMR2IF | TMR1IF |0000 -000{0000 -000
8Ch PIE1 EEIE |CMIE| RCIE TXIE — CCP1IE | TMR2IE | TMRLIE |0000 -000|0000 -000
86h, 186h |TRISB PORTB Data Direction Register 1111 11111111 1111
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX|uuuu uuuu
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX|[uuuu uuuu
10h T1CON — | — ‘TlCKPSl‘TlCKPSO‘TlOSCEN|TlSYNC‘TMRlCS|TMR10N --00 0000|--uu uuuu
15h CCPR1L |Capture/Compare/PWM Registerl (LSB) XXXX XXXX|[uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Registerl (MSB) XXXX XXXX|[uuuu uuuu
17h CCP1CON| _ | — ‘ CCP1X ‘ CCP1Y ‘CCPlMS |CCP1M2‘CCP1M1|CCP1MO --00 0000(--00 0000
Legend: x = unknown, u = unchanged, - = unimplemented read as ‘0’. Shaded cells are not used by Capture and Timer1.

© 2005 Microchip Technology Inc.
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9.3 PWM Mode

In Pulse Width Modulation (PWM) mode, the CCP1 pin
produces up to a 10-bit resolution PWM output. Since
the CCP1 pin is multiplexed with the PORTB data latch,
the TRISB<3> bit must be cleared to make the CCP1
pin an output.

Note:  Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTB I/O data

latch.

Figure 9-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step by step procedure on how to set up the CCP
module for PWM operation, see Section 9.3.3 “Set-
Up for PWM Operation”.

FIGURE 9-3: SIMPLIFIED PWM BLOCK
DIAGRAM

Duty cycle registers K CCP1CON<5:4>

| CCPRIL ‘

:

| CCPRIH (Slave) ‘
| Comparator i R Q
T RB3/CCP]
| TMR2 | @ ‘
—S
Comparator TRISB<3>
Clear Timer,
+ CCP1 pin and
PR2 latch D.C.

Note 1: 8-bit timer is concatenated with 2-bit internal Q
clock or 2 bits of the prescaler to create 10-bit
time base.

A PWM output (Figure 9-4) has a time base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(frequency = 1/period).

FIGURE 9-4: PWM OUTPUT

Period

— ]
-~
Duty Cycle

: . TMR2=PR2

Tl\/iRZ = Duty Cycle

TMR2 = PR2

9.3.1 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following formula:

PWM period = [(PR2) + 1] -4 - Tosc- TMR2 prescale
value

PWM frequency is defined as 1/[PWM period].

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
* TMR2 is cleared
* The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)
e The PWM duty cycle is latched from CCPR1L into
CCPR1H

Note:  The Timer2 postscaler (see Section 8.0
“Timer2 Module”) is not used in the
determination of the PWM frequency. The
postscaler could be used to have a servo
update rate at a different frequency than

the PWM output.
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9.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRLL register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available: the CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPRI1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

PWM duty cycle =

(CCPRI1L:CCP1CON<5:4>) - Tosc - TMR2 prescale
value

CCPR1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read-only register.

The CCPR1H register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

When the CCPR1H and 2-bit latch match TMR2
concatenated with an internal 2-bit Q clock or 2 bits of
the TMR2 prescaler, the CCP1 pin is cleared.

Maximum PWM resolution (bits) for a given PWM
frequency:

Iog( Fosc )
PWM FPWM x TMR2 Prescaler/
Resolution = bits
l0g(2)

Note: If the PWM duty cycle value is longer than
the PWM period the CCP1 pin will not be
cleared.

For an example PWM period and duty cycle

calculation, see the PICmicro® Mid-Range Reference
Manual (DS33023).

9.3.3

SET-UP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for PWM operation:

Set the PWM period by writing to the PR2

1.

register.

Set the PWM duty cycle by writing to the
CCPRLL register and CCP1CON<5:4> hits.

Make the CCP1 pin an output by clearing the
TRISB<3> hit.
Set the TMR2 prescale value and enable Timer2
by writing to T2CON.

TABLE 9-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz
PWM Frequency 1.22 kHz | 4.88 kHz | 19.53 kHz | 78.12 kHz | 156.3 kHz | 208.3 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value OxFF OxFF OxFF Ox3F Ox1F Ox17
Maximum Resolution (bits) 10 10 10 8 7 6.5
TABLE 9-4: REGISTERS ASSOCIATED WITH PWM AND TIMER2
Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR all other
Resets
0Bh, 8Bh, |INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
10Bh, 18Bh
oCh PIR1 EEIF CMIF RCIF TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 | 0000 -000
8Ch PIE1 EEIE CMIE RCIE TXIE — CCP1IE | TMR2IE | TMRIIE | 0000 -000 | 0000 -000
86h, 186h | TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO | 1111 1111 | 1111 1111
11h TMR2 Timer2 Module’s Register 0000 0000 | 0000 0000
92h PR2 Timer2 Module’s Period Register 1111 1111 | 1111 1111
12h T2CON — [routess]| Toutpsz | TouTpst | TouTPs0 | TMR20N | T2CKPS1|T2CKPS0| -000 0000 | wuuu wuuu
15h CCPR1L |Capture/Compare/PWM Register 1 (LSB) XXXX XXXX | uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Register 1 (MSB) XXXX XXXX | uuuu uuuu
17h ccpacon| — [ — | ccpax | cepiy | ccpims | cepamz | cepami [ cepiMo | --oo o000 | --00 o000
Legend: x = unknown, u = unchanged, - = unimplemented read as '0’. Shaded cells are not used by PWM and Timer2.

© 2005 Microchip Technology Inc.
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100 COMPARATOR MODULE The CMCON register, shown in Register 10-1, controls
_ the comparator input and output multiplexers. A block
The comparator module contains two analog diagram of the comparator is shown in Figure 10-1.

comparators. The inputs to the comparators are
multiplexed with the RAO through RA3 pins. The on-chip
Voltage Reference (Section 11.0 “Voltage Reference
Module”) can also be an input to the comparators.

REGISTER 10-1: CMCON — COMPARATOR CONFIGURATION REGISTER (ADDRESS: 01Fh)

R-0 RO  RMW-0  RW-0 RIW-0 RW-0  RMW-0  RW-0
C20UT | C1OUT | C2INV | CILINV cs | cm2 | cmi | cmo |
bit 7 bit 0
bit 7 C20UT: Comparator 2 Output bit

When C2INV = 0:
1 =C2 VIN+ > C2 VIN-
0 = C2 VIN+ < C2 VIN-

When C2INV = 1:
1=C2 VIN+ < C2 VIN-
0 =C2 VIN+ > C2 VIN-
bit 6 C1OUT: Comparator 1 Output bit
When C1INV = 0:
1 =C1 VIN+ > C1 VIN-
0 =C1 VIN+ < C1 VIN-

When C1INV = 1:
1 =C1 VIN+ < C1 VIN-
0 = C1 VIN+ > C1 VIN-
bit 5 C2INV: Comparator 2 Output Inversion bit

1 = C2 Output inverted
0 = C2 Output not inverted

bit 4 C1INV: Comparator 1 Output Inversion bit

1 = C1 Output inverted
0 = C1 Output not inverted

bit 3 CIS: Comparator Input Switch bit
When CM<2:0>: = 001
Then:

1 = C1 VIN- connects to RA3
0 = C1 VIN- connects to RAO

When CM<2:0> =010

Then:

1 = C1 VIN- connects to RA3
C2 VIN- connects to RA2

0 = C1 VIN- connects to RAO
C2 VIN- connects to RA1

bit 2-0 CM<2:0>: Comparator Mode bits
Figure 10-1 shows the comparator modes and CM<2:0> bit settings

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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10.1

There are eight modes of operation for the
comparators. The CMCON register is used to select
the mode. Figure 10-1 shows the eight possible
modes. The TRISA register controls the data direction
of the comparator pins for each mode.

Comparator Configuration

FIGURE 10-1:

COMPARATOR I/0 OPERATING MODES

If the Comparator mode is changed, the comparator
output level may not be valid for the specified mode
change delay shown in Table 17-2.

Note 1:

Comparator interrupts should be disabled
during a Comparator mode change,
otherwise a false interrupt may occur.

2: Comparators can have an inverted

output. See Figure 10-1.

Comparators Reset (POR Default Value)
CM<2:0> =000

RAO/ANO A VIN- | >

RAZ/ANSICMPL A Vin+|, Cl Off (Read as '0)

RAL/AN1 A VIN- |

RA2/AN2/VRer A Vint| C2 Off (Read as ‘0’)

Comparators Off
CM<2:0> =111

RAO/ANO D VIN- [

Y —— Off (Read ‘0’
RA3/AN3/CMP1 D VIN+ n Cc1 (Read as 0")
RAL/AN1 D UiN- S
RA2/AN2/VREE D (VIN* c2>_ Off (Read as ‘0")

Vss

Two Independent Comparators
CM<2:0> =100

Four Inputs Multiplexed to Two Comparators
CM<2:0> =010

A
RAO/ANO A VIN- | RAD/ANO R CIS=0 VIN-|™
- CIS=1
C1VouTt RA3/AN3/CMP1 £ o c1 ClVouTt
RAZ/AN3ICMPL A ViN+|, Cl VNt
RAL/AN1 A, cis—o | vin
RAL/AN1 A ViN- RA2/AN2/VRer _A_,  CIS=1 Vit N c2 > Cavout
RA2AN2/VREF A Vint|, C2 c2vour t
From VREF
Module
wo Common Rreference omparators wo Common Rreference omparators witl utputs
Two C Ref C Two C Ref C ith O
CM<2:0> =011 CM<2:0> =110
RAO/AND A vin- > RAO/ANO A Vi - o
c1 ouT
RAZANZCMpL D Vit Cl C1vout RA3/AN3/CMPL -2 ViNt|
A VIN-
RAL/AN1 VIN- | = RAL/ANL T o CoVouT
RA2/AN2/VREF A | Vint| C2 cavour RA2IANZIVREF A e YINt,
RA4/TOCKI/CMp2 Open Drain
One Independent Comparator Three Inputs Multiplexed to Two Comparators
CM<2:0> =101 CM<2:0> =001
D VIN-
RAQ/ANO — - RAO/ANO Ao sto v
D vin+|, C1 Off (Read as ‘'0’) A * S = -
RA3/AN3/CMP1 —— + RA3/AN3/CMP1 2o =l el c1 C1vVout
S +
Vss
RAL/AN1 A VIN- |2 RAL/ANL A VIN- [
c2 C2vVout c2 C2Vout
RAZAN2VRer A VINt|, RA2/AN2/VREF A VNt |

A = Analog Input, port reads zeros always.

D = Digital Input.

CIS (CMCON<3>) is the Comparator Input Switch.
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The code example in Example 10-1 depicts the steps
required to configure the Comparator module. RA3 and
RA4 are configured as digital output. RAO and RA1 are
configured as the V- inputs and RA2 as the V+ input to
both comparators.

EXAMPLE 10-1: INITIALIZING
COMPARATOR MODULE
FLAG_REG EQU 0X20
CLRF FLAG_REG ;Init flag register
CLRF PORTA ;Init PORTA
MOVF CMCON, W ;Load comparator bits
ANDLW 0xCO0 ;Mask comparator bits

IORWF FLAG_REG,F ;Store bits in flag register

MOVLW 0x03 ;Init comparator mode

MOVWF CMCON ;CM<2:0> = 011

BSF STATUS,RPO ;Select Bankl

MOVLW 0x07 ;Initialize data direction

MOVWF TRISA ;Set RA<2:0> as inputs
;RA<4:3> as outputs
;TRISA<7:5> always read ‘0’

BCF STATUS,RPO ;Select Bank 0

CALL DELAY10 ;10us delay

MOVF CMCON, F ;Read CMCONto end change
;condition

BCF PIR1,CMIF ;Clear pending interrupts

BSF STATUS,RPO ;Select Bank 1

BSF PIE1l,CMIE ;Enable comparator interrupts

BCF STATUS,RPO ;Select Bank 0

BSF INTCON, PEIE ;Enable peripheral interrupts

BSF INTCON,GIE ;Global interrupt enable

10.2 Comparator Operation

A single comparator is shown in Figure 10-2 along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input VIN-, the output of the comparator
is a digital low level. When the analog input at VIN+ is
greater than the analog input VIN-, the output of the
comparator is a digital high level. The shaded areas of
the output of the comparator in Figure 10-2 represent
the uncertainty due to input offsets and response time.
See Table 17-2 for Common Mode voltage.

10.3 Comparator Reference

An external or internal reference signal may be used
depending on the comparator Operating mode. The
analog signal that is present at VIN- is compared to the
signal at VIN+, and the digital output of the comparator
is adjusted accordingly (Figure 10-2).

FIGURE 10-2: SINGLE COMPARATOR
VIN+
Result
VIN-

Result . l l .

10.3.1 EXTERNAL REFERENCE SIGNAL

When external voltage references are used, the
Comparator module can be configured to have the
comparators operate from the same or different
reference sources. However, threshold detector
applications may require the same reference. The
reference signal must be between Vss and VDD, and
can be applied to either pin of the comparator(s).

10.3.2 INTERNAL REFERENCE SIGNAL

The Comparator module also allows the selection of an
internally generated voltage reference for the
comparators. Section 11.0 “Voltage Reference
Module”, contains a detailed description of the Voltage
Reference module that provides this signal. The
internal reference signal is used when the comparators
are in mode CM<2:0>=010 (Figure 10-1). In this
mode, the internal voltage reference is applied to the
VIN+ pin of both comparators.

10.4 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the
comparator output is to have a valid level. If the internal
reference is changed, the maximum delay of the internal
voltage reference must be considered when using the
comparator outputs. Otherwise, the maximum delay of
the comparators should be used (Table 17-2, page 142).
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10.5 Comparator Outputs

The comparator outputs are read through the CMCON
register. These bits are read-only. The comparator
outputs may also be directly output to the RA3 and RA4
I/O pins. When the CM<2:0> =110 or 001, multiplexors
in the output path of the RA3 and RA4/TOCK1/CMP2
pins will switch and the output of each pin will be the
unsynchronized output of the comparator. The
uncertainty of each of the comparators is related to the
input offset voltage and the response time given in the
specifications. Figure 10-3 shows the comparator output
block diagram.

The TRISA bits will still function as an output enable/
disable for the RA3/AN3/CMP1 and RA4/TOCK1/
CMP2 pins while in this mode.

Note 1: When reading the PORT register, all pins
configured as analog inputs will read as a
‘0’. Pins configured as digital inputs will
convert an analog input, according to the
Schmitt Trigger input specification.

2: Analog levels on any pin that is defined as
a digital input may cause the input buffer
to consume more current than is
specified.

FIGURE 10-3: MODIFIED COMPARATOR OUTPUT BLOCK DIAGRAM

CnlINv

To RA3/AN3/CMP1 or

RA4/TOCK1/CMP2 pin

: i(; CnVouTt

From other Comparator

Q1

To Data Bus Q D
CMCONK<7:6>
Q3
EN

RD CMCON . _I
Set CMIF bit ( Q D

EN

CL

Reset
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10.6 Comparator Interrupts

The comparator interrupt flag is set whenever there is
a change in the output value of either comparator.
Software will need to maintain information about the
status of the output bits, as read from CMCON<7:6>, to
determine the actual change that has occurred. The
CMIF bit, PIR1<6>, is the comparator interrupt flag.
The CMIF bit must be reset by clearing ‘0’. Since it is
also possible to write a ‘1’ to this register, a simulated
interrupt may be initiated.

The CMIE bit (PIE1<6>) and the PEIE bit
(INTCON<6>) must be set to enable the interrupt. In
addition, the GIE bit must also be set. If any of these
bits are clear, the interrupt is not enabled, though the
CMIF bit will still be set if an interrupt condition occurs.

Note: If a change in the CMCON register
(C10UT or C20UT) should occur when a
read operation is being executed (start of
the Q2 cycle), then the CMIF (PIR1<6>)
interrupt flag may not get set.

The user, in the interrupt service routine, can clear the
interrupt in the following manner:

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

b) Clear flag bit CMIF.

A mismatch condition will continue to set flag bit CMIF.

Reading CMCON will end the mismatch condition and
allow flag bit CMIF to be cleared.

10.7 Comparator Operation During
Sleep

When a comparator is active and the device is placed
in Sleep mode, the comparator remains active and the
interrupt is functional if enabled. This interrupt will
wake-up the device from Sleep mode when enabled.
While the comparator is powered-up, higher Sleep
currents than shown in the power-down current
specification will occur. Each comparator that is
operational will consume additional current as shown in
the comparator specifications. To minimize power
consumption while in Sleep mode, turn off the
comparators, CM<2:0> = 111, before entering Sleep. If
the device wakes up from Sleep, the contents of the
CMCON register are not affected.

10.8 Effects of a Reset

A device Reset forces the CMCON register to its Reset
state. This forces the Comparator module to be in the
comparator Reset mode, CM<2:0> = 000. This ensures
that all potential inputs are analog inputs. Device current
is minimized when analog inputs are present at Reset
time. The comparators will be powered-down during the
Reset interval.

10.9 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 10-4. Since the analog pins are connected to a
digital output, they have reverse biased diodes to VDD
and Vss. The analog input therefore, must be between
Vss and VDD. If the input voltage deviates from this
range by more than 0.6V in either direction, one of the
diodes is forward biased and a latch-up may occur. A
maximum  source impedance of 10kQ s
recommended for the analog sources. Any external
component connected to an analog input pin, such as
a capacitor or a Zener diode, should have very little
leakage current.

© 2005 Microchip Technology Inc.
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FIGURE 10-4:

ANALOG INPUT MODE

Rs <10K

VDD
: VT =0.6V RIC
—X - M
. AN I
! CP|N ILEAKAGE
' 5 pF -‘— VT =0.6V +500 nA
Vss

Legend: CPIN = Input Capacitance
VT = Threshold Voltage
ILEAKAGE = Leakage Current at the Pin
Ric = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage
TABLE 10-1: REGISTERS ASSOCIATED WITH COMPARATOR MODULE
value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR All Other
Resets
1Fh CMCON | C20UT | C10UT | C2INV | CINV CIs CM2 CM1 CMO 0000 0000 | 0000 0000
0Bh, 8Bh,
10Bh, 18Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
0Ch PIR1 EEIF CMIF RCIF TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 | 0000 -000
8Ch PIE1 EEIE CMIE RCIE TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000 [ 0000 -000
85h TRISA TRISA7 | TRISAG6 | TRISAS | TRISA4 | TRISA3 | TRISA2 | TRISAL1 | TRISAO | 1111 1111 (1111 1111
Legend: x = Unknown, u = Unchanged, - = Unimplemented, read as ‘0’
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11.0 VOLTAGE REFERENCE
MODULE

The Voltage Reference module consists of a 16-tap
resistor ladder network that provides a selectable volt-
age reference. The resistor ladder is segmented to pro-
vide two ranges of VREF values and has a power-down
function to conserve power when the reference is not
being used. The VRCON register controls the opera-
tion of the reference as shown in Figure 11-1. The
block diagram is given in Figure 11-1.

11.1 Voltage Reference Configuration

The Voltage Reference module can output 16 distinct
voltage levels for each range.

The equations used to calculate the output of the
Voltage Reference module are as follows:

if VRR = 1:
_ VR<3:0>
VREF = —24 xVDD
if VRR = o
VREF = (VDD x%) + \iRifzz—w- x\VOD

The setting time of the Voltage Reference module must
be considered when changing the VREF output

(Table 17-3). Example 11-1 demonstrates how voltage
reference is configured for an output voltage of 1.25V
with VbD = 5.0V.

REGISTER 11-1: VRCON — VOLTAGE REFERENCE CONTROL REGISTER (ADDRESS: 9Fh)

RW-0  RW-0  R/W-0 U-0 RIW-0 RW-0  RMW-0  R/W-0
VREN | VROE | VRR — VR3 | VR2 | VR1 | VRO |
bit 7 bit 0
bit 7 VREN: VREF Enable bit

1 = VREF circuit powered on

0 = VREF circuit powered down, no IDD drain

bit 6 VROE: VREF Output Enable bhit
1 = VREF is output on RA2 pin

0 = VREF is disconnected from RA2 pin

bit 5 VRR: VREF Range Selection bit
1 = Low range
0 = High range

bit 4 Unimplemented: Read as ‘0’

bit 3-0 VR<3:0>: VREF Value Selection bits 0 < VR <3:0>< 15
When VRR = 1: VREF = (VR<3:0>/ 24) * VDD
When VRR = 0: VREF = 1/4 * VDD + (VR<3:0>/ 32) * VDD

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

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bitis cleared X = Bit is unknown

© 2005 Microchip Technology Inc.
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FIGURE 11-1: VOLTAGE REFERENCE BLOCK DIAGRAM
VDD 16 Stages
VRE > C = 8R R R R R
e o
%SR —VRR
Vss Vss

VREF ¢

— VR

3
16-1 Analog Mux (From VRCON<3:0>)
0

VR

Note: R is defined in Table 17-3.

EXAMPLE 11-1: VOLTAGE REFERENCE
CONFIGURATION

MOVLW 0x02 ;4 Inputs Muxed

MOVWF CMCON ;jto 2 comps.

BSF STATUS,RPO ;go to Bank 1

MOVLW 0x07 ;RA3-RA0 are

MOVWF TRISA joutputs

MOVLW 0xA6 ;enable VREF

MOVWF VRCON ;low range set VR<3:0>=6
BCF STATUS,RPO ;go to Bank 0

CALL DELAY10 ;10us delay

11.2 Voltage Reference Accuracy/Error

The full range of Vss to VDD cannot be realized due to
the construction of the module. The transistors on the
top and bottom of the resistor ladder network
(Figure 11-1) keep VREF from approaching Vss or VDD.
The Voltage Reference module is Vbp derived and
therefore, the VREF output changes with fluctuations in
VDbD. The tested absolute accuracy of the Voltage Ref-
erence module can be found in Table 17-3.

11.3 Operation During Sleep

When the device wakes up from Sleep through an
interrupt or a Watchdog Timer time out, the contents of
the VRCON register are not affected. To minimize
current consumption in Sleep mode, the Voltage
Reference module should be disabled.

11.4 Effects of a Reset

A device Reset disables the Voltage Reference module
by clearing bit VREN (VRCON<7>). This Reset also
disconnects the reference from the RA2 pin by clearing
bit VROE (VRCON<6>) and selects the high voltage
range by clearing bit VRR (VRCON<5>). The VREF
value select bits, VRCON<3:0>, are also cleared.

11.5 Connection Considerations

The Voltage Reference module operates independently
of the Comparator module. The output of the reference
generator may be connected to the RA2 pin if the
TRISA<2> bit is set and the VROE bit, VRCON<6>, is
set. Enabling the Voltage Reference module output onto
the RA2 pin with an input signal present will increase
current consumption. Connecting RA2 as a digital output
with VREF enabled will also increase current consump-
tion.

The RA2 pin can be used as a simple D/A output with
limited drive capability. Due to the limited drive
capability, a buffer must be used in conjunction with the
Voltage Reference module output for external connec-
tions to VREF. Figure 11-2 shows an example buffering
technique.
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FIGURE 11-2: VOLTAGE REFERENCE OUTPUT BUFFER EXAMPLE
Rr® RA2 Op Amp

VREF AAA Eﬂ

Module * VREF Output
Voltage
Reference
Output
Impedance 1

Note 1: R is dependent upon the voltage reference configuration VRCON<3:0> and VRCON<5>.

TABLE 11-1: REGISTERS ASSOCIATED WITH VOLTAGE REFERENCE

value On Value On
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR All Other
Resets
9Fh VRCON | VREN | VROE VRR — VR3 VR2 VR1 VRO 000- 0000 | 000- 0000
1Fh CMCON | C20UT | C10UT | C2INV | C1INV CIS CMm2 CM1 CMO | 0000 0000|0000 0000
85h TRISA TRISA7 | TRISA6 | TRISAS | TRISA4 | TRISA3 | TRISA2 | TRISAL1 | TRISAO | 1111 1111|1111 1111

Legend: - = Unimplemented, read as ‘0.
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NOTES:
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12.0 UNIVERSAL SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)
MODULE

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) is also known as a Serial
Communications Interface (SCI). The USART can be
configured as a full-duplex asynchronous system that
can communicate with peripheral devices such as CRT
terminals and personal computers, or it can be
configured as a half-duplex synchronous system that
can communicate with peripheral devices such as A/D
or D/A integrated circuits, Serial EEPROMSs, etc.

The USART can be configured in the following modes:

« Asynchronous (full-duplex)

e Synchronous — Master (half-duplex)

« Synchronous — Slave (half-duplex)

Bit SPEN (RCSTA<7>) and hits TRISB<2:1> have to be
set in order to configure pins RB2/TX/CK and RB1/RX/DT

as the Universal Synchronous Asynchronous Receiver
Transmitter.

Register 12-1 shows the Transmit Status and Control
Register (TXSTA) and Register 12-2 shows the
Receive Status and Control Register (RCSTA).

REGISTER 12-1: TXSTA —TRANSMIT STATUS AND CONTROL REGISTER (ADDRESS: 98h)

R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R-1 R/W-0
CSRC | Tx9 TXEN | SYNC — | BRGH | TRMT | Tx9D |
bit 7 bit 0
bit 7 CSRC: Clock Source Select bit
Asynchronous mode
Don't care

Synchronous mode

1 = Master mode (Clock generated internally from BRG)
0 = Slave mode (Clock from external source)

bit 6 TX9: 9-bit Transmit Enable bit

1 = Selects 9-bit transmission
0 = Selects 8-bit transmission

bit 5 TXEN: Transmit Enable bit(®)
1 = Transmit enabled
0 = Transmit disabled
bit 4 SYNC: USART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode

bit 3 Unimplemented: Read as ‘0’

bit 2 BRGH: High Baud Rate Select bit

Asynchronous mode
1 = High speed
0 = Low speed
Synchronous mode
Unused in this mode

bit 1 TRMT: Transmit Shift Register Status bit
1 =TSR empty
0 =TSR full
bit 0 TX9D: 9th bit of transmit data. Can be parity bit.

Note 1: SREN/CREN overrides TXEN in SYNC mode.

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

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bitis cleared X = Bit is unknown
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REGISTER 12-2: RCSTA —RECEIVE STATUS AND CONTROL REGISTER (ADDRESS: 18h)

RW-0  RMW-0 RMW-0  RMW-0 RIW-0 R-0 R-0 R-X

SPEN RX9 | SREN | CREN ADEN | FERR | OERR | Rx9D |

bit 7 bit 0
bit 7 SPEN: Serial Port Enable bit

(Configures RB1/RX/DT and RB2/TX/CK pins as serial port pins when bits TRISB<2:1> are set)
1 = Serial port enabled
0 = Serial port disabled

bit 6 RX9: 9-bit Receive Enable bit

1 = Selects 9-bit reception
0 = Selects 8-bit reception
bit 5 SREN: Single Receive Enable bit
Asynchronous mode:
Don't care
Synchronous mode - master:
1 = Enables single receive
0 = Disables single receive
This bit is cleared after reception is complete.
Synchronous mode - slave:
Unused in this mode

bit 4 CREN: Continuous Receive Enable bit

Asynchronous mode:
1 = Enables continuous receive
0 = Disables continuous receive
Synchronous mode:
1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive
bit 3 ADEN: Address Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1):
1 = Enables address detection, enable interrupt and load of the receive buffer when RSR<8>
is set
0 = Disables address detection, all bytes are received, and ninth bit can be used as parity bit
Asynchronous mode 8-bit (RX9 = 0):
Unused in this mode
Synchronous mode
Unused in this mode

bit 2 FERR: Framing Error bit

1 = Framing error (Can be updated by reading RCREG register and receive next valid byte)
0 = No framing error

bit 1 OERR: Overrun Error bit

1 = Overrun error (Can be cleared by clearing bit CREN)
0 = No overrun error

bit 0 RX9D: 9th hit of received data (Can be parity bit)
Legend:
R = Readable hit 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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12.1 USART Baud Rate Generator
(BRG)

The BRG supports both the Asynchronous and
Synchronous modes of the USART. It is a dedicated
8-bit baud rate generator. The SPBRG register
controls the period of a free running 8-bit timer. In
Asynchronous mode, bit BRGH (TXSTA<2>) also
controls the baud rate. In Synchronous mode, bit
BRGH is ignored. Table 12-1 shows the formula for
computation of the baud rate for different USART
modes, which only apply in Master mode (internal
clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRG register can be calculated
using the formula in Table 12-1. From this, the error in
baud rate can be determined.

Example 12-1 shows the calculation of the baud rate
error for the following conditions:

Fosc =16 MHz

Desired Baud Rate = 9600
BRGH =0

SYNC =0

TABLE 12-1: BAUD RATE FORMULA

EQUATION 12-1: CALCULATING BAUD
RATE ERROR

Fosc

Desired Baud Rate = m

16000000

%00 = Gax+ 1)

X = 25.042

_ 16000000 _
Calculated Baud Rate = 64—( B+ 1) 9615

Error = (Calculated Baud Rate - Desired Baud Rate)
Desired Baud Rate

_ 9615-9600 _ o
T 9600 0.16%

It may be advantageous to use the high baud rate
(BRGH = 1) even for slower baud clocks. This is
because the Fosc/(16(X + 1)) equation can reduce the
baud rate error in some cases.

Writing a new value to the SPBRG register causes the
BRG timer to be reset (or cleared) and ensures the
BRG does not wait for a timer overflow before
outputting the new baud rate.

The data on the RB1/RX/DT pin is sampled three times
by a majority detect circuit to determine if a high or a
low level is present at the RX pin.

SYNC BRGH = 0 (Low Speed) BRGH = 1 (High Speed)
0 (Asynchronous) Baud Rate = Fosc/(64(X+1)) Baud Rate = Fosc/(16(X+1))
1 (Synchronous) Baud Rate = FOsc/(4(X+1)) NA

Legend: X =valuein SPBRG (0 to 255)

TABLE 12-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR

. . . . . . . . Value on Value on all

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR other Resets

98h TXSTA | CSRC TX9 TXEN | SYNC — BRGH | TRMT | TX9D | 0000 -010 | 0000 -010

18h RCSTA | SPEN RX9 | SREN | CREN | ADEN FERR | OERR | RX9D | 0000 000x | 0000 000x

99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - =unimplemented read as ‘0’. Shaded cells are not used for the BRG.
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TABLE 12-3: BAUD RATES FOR SYNCHRONOUS MODE

Fosc =20 MHz SPBRG |16 MHz SPBRG |10 MHz SPBRG

Ri?éJDK value value value
(K) KBAUD ERROR (decimal) KBAUD ERROR (decimal) KBAUD ERROR (decimal)

0.3 NA — — NA — — NA — —
1.2 NA — — NA — — NA — —
2.4 NA — — NA — — NA — —
9.6 NA — — NA — — 9.766 +1.73% 255
19.2 19.53 +1.73% 255 19.23 +0.16% 207 19.23 +0.16% 129
76.8 76.92 +0.16% 64 76.92 +0.16% 51 75.76 -1.36% 32
96 96.15 +0.16% 51 95.24 -0.79% 41 96.15 +0.16% 25
300 294.1 -1.96 16 307.69 +2.56% 12 3125 +4.17% 7
500 500 0 9 500 0 7 500 0

HIGH 5000 — 0 4000 — 0 2500 — 0
LOW 19.53 — 255 15.625 — 255 9.766 — 255

BAUD Fosc = 7.15909 MHz SPBRG |5.0688 MHz SPBRG |4 MHz SPBRG

value value value

RATE(K) | KBAUD  ERROR  (decimal) | KBAUD  ERROR  (decimal) | KBAUD  ERROR  (decimal)

0.3 NA — — NA — — NA — —
1.2 NA — — NA — — NA — —
2.4 NA — — NA — — NA — —
9.6 9.622 +0.23% 185 9.6 0 131 9.615 +0.16% 103
19.2 19.24 +0.23% 92 19.2 0 65 19.231 +0.16% 51
76.8 77.82 +1.32 22 79.2 +3.13% 15 75.923 +0.16% 12
96 94.20 -1.88 18 97.48 +1.54% 12 1000 +4.17% 9
300 298.3 -0.57 5 316.8 5.60% 3 NA _ —
500 NA — — NA _ — NA — —
HIGH 1789.8 — 0 1267 — 0 100 — 0
LOW 6.991 — 255 4.950 — 255 3.906 — 255
BAUD Fosc = 3.579545 MHz SPBRG |1 MHz SPBRG |32.768 kHz SPBRG
value value value

RATE(K) | KBAUD  ERROR  (decimal) | KBAUD  ERROR  (decimal) | KBAUD ~ ERROR  (decimal)

0.3 NA — — NA — — 0.303 +1.14% 26
1.2 NA — — 1.202 +0.16% 207 1.170 -2.48% 6
2.4 NA — — 2.404 +0.16% 103 NA _ _
9.6 9.622 +0.23% 92 9.615 +0.16% 25 NA — —
19.2 19.04 -0.83% 46 19.24 +0.16% 12 NA — —
76.8 74.57 -2.90% 11 83.34 +8.51% 2 NA — _
96 99.43 +3.57% 8 NA _ _ NA _ —
300 298.3 0.57% 2 NA — — NA — —
500 NA _ — NA — — NA — —
HIGH 894.9 — 0 250 — 0 8.192 — 0
LOW 3.496 — 255 0.9766 — 255 0.032 — 255
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TABLE 12-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)
BAUD | FOSC =20 MHz SPBRG |16 MHz SPBRG |10 MHz SPBRG
RATE(K) | kBAUD  ERROR value KBAUD  ERROR value KBAUD  ERROR value
(decimal) (decimal) (decimal)
0.3 NA — — NA — — NA — —
1.2 1.221 +1.73% 255 1.202 +0.16% 207 1.202 +0.16% 129
2.4 2.404 +0.16% 129 2.404 +0.16% 103 2.404 +0.16% 64
9.6 9.469 -1.36% 32 9.615 +0.16% 25 9.766 +1.73% 15
19.2 19.53 +1.73% 15 19.23 +0.16% 12 1953 +1.73V
76.8 78.13 +1.73% 3 83.33 +8.51% 2 78.13 +1.73%
96 104.2 +8.51% 2 NA — — NA — —
300 3125 +4.17% 0 NA — — NA — —
500 NA — — NA — — NA — —
HIGH 312.5 — 0 250 — 0 156.3 — 0
Low 1.221 — 255 0.977 — 255 0.6104 — 255
BAUD | FOSC = 7.15909 MHz SPBRG | 5.0688 MHz SPBRG |4 MHz SPBRG
RATE (K) | kBAUD  ERROR value KBAUD  ERROR vale KBAUD  ERROR value
(decimal) (decimal) (decimal)
0.3 NA — — 0.31 +3.13% 255 0.3005 -0.17% 207
1.2 1.203 +0.23% 92 12 0 65 1.202 +1.67% 51
2.4 2.380 -0.83% 46 2.4 0 32 2.404 +1.67% 25
9.6 9.322 -2.90% 1 9.9 +3.13% 7 NA — —
19.2 18.64 -2.90% 5 19.8 +3.13% 3 NA — —
76.8 NA — — 79.2 +3.13% 0 NA — —
96 NA — — NA — — NA — —
300 NA — — NA — — NA — —
500 NA — — NA — — NA — —
HIGH 111.9 — 0 79.2 — 0 62.500 — 0
LOW 0.437 — 255 0.3094 — 255 3.906 — 255
BAUD |FOSC=3579545MHz  SPBRG | 1MHz SPBRG | 32.768 kHz SPBRG
RATE (K) | kBAUD  ERROR value KBAUD  ERROR value KBAUD  ERROR value
(decimal) (decimal) (decimal)
0.3 0.301 +0.23% 185 0.300 +0.16% 51 0.256 -14.67% 1
1.2 1.190 -0.83% 46 1.202 +0.16% 12 NA — —
2.4 2.432 +1.32% 22 2.232 -6.99% 6 NA — —
9.6 9.322 -2.90% NA — — NA — —
19.2 18.64 -2.90% NA — — NA — —
76.8 NA — — NA — — NA — —
96 NA — — NA — — NA — —
300 NA — — NA — — NA — —
500 NA — — NA — — NA — —
HIGH 55.93 — 0 15.63 — 0 0.512 — 0
LOW 0.2185 — 255 0.0610 — 255 0.0020 — 255
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TABLE 12-5: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 1)

Fosc =20 MHz SPBRG |16 MHz SPBRG |10 MHz SPBRG

Ri?éJDK value value value
(K) KBAUD ERROR (decimal) KBAUD ERROR (decimal) KBAUD ERROR (decimal)

9600 9.615 +0.16% 129 9.615 +0.16% 103 9.615 +0.16% 64
19200 19.230 +0.16% 64 19.230 +0.16% 51 18.939 -1.36% 32
38400 37.878 -1.36% 32 38.461 +0.16% 25 39.062 +1.7% 15
57600 56.818 -1.36% 21 58.823 +2.12% 16 56.818 -1.36% 10
115200 113.636 -1.36% 10 111.111 -3.55% 8 125 +8.51% 4
250000 250 0 4 250 0 3 NA — —
625000 625 0 1 NA — — 625 0 0
1250000 1250 0 0 NA — — NA — —
BAUD Fosc =7.16 MHz SPBRG |5.068 MHz SPBRG |4 MHz SPBRG

RATE (K value value value
(K) KBAUD ERROR (decimal) KBAUD ERROR (decimal) KBAUD ERROR (decimal)

9600 9.520 -0.83% 46 9598.485 0.016% 32 9615.385 0.160% 25
19200 19.454 +1.32% 22 18632.35 -2.956% 16 19230.77 0.160% 12
38400 37.286 -2.90% 11 39593.75 3.109% 7 35714.29 -6.994% 6
57600 55.930 -2.90% 7 52791.67 -8.348% 5 62500 8.507% 3
115200 111.860 -2.90% 3 105583.3 -8.348% 2 125000 8.507% 1
250000 NA — — 316750 26.700% 0 250000 0.000% 0
625000 NA — — NA — — NA — —
1250000 NA — — NA — — NA — —
BAUD Fosc = 3.579 MHz SPBRG |1 MHz SPBRG |32.768 kHz SPBRG

RATE (K value value value
(K) KBAUD ERROR (decimal) KBAUD ERROR (decimal) KBAUD ERROR (decimal)

9600 9725.543 1.308% 22 8.928 -6.994% 6 NA NA NA
19200 18640.63 -2.913% 11 20833.3 8.507% 2 NA NA NA
38400 37281.25 -2.913% 5 31250 -18.620% 1 NA NA NA
57600 55921.88 -2.913% 3 62500 +8.507 0 NA NA NA
115200 111243.8 -2.913% 1 NA — — NA NA NA
250000 223687.5 -10.525% 0 NA — — NA NA NA
625000 NA — — NA — — NA NA NA
1250000 NA — — NA — — NA NA NA
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12.2 USART Asynchronous Mode

In this mode, the USART uses standard non-return-to-
zero (NRZ) format (one Start bit, eight or nine data bits
and one Stop bit). The most common data format is
8-bit. A dedicated 8-bit baud rate generator is used to
derive baud rate frequencies from the oscillator. The
USART transmits and receives the LSb first. The
USART's transmitter and receiver are functionally
independent, but use the same data format and baud
rate. The baud rate generator produces a clock either
x16 or x64 of the bit shift rate, depending on bit BRGH
(TXSTA<2>). Parity is not supported by the hardware,
but can be implemented in software (and stored as the
ninth data bit). Asynchronous mode is stopped during
Sleep.

Asynchronous mode is selected by clearing bit SYNC
(TXSTA<4>).

The USART Asynchronous module consists of the
following important elements:

* Baud Rate Generator

e Sampling Circuit

e Asynchronous Transmitter
e Asynchronous Receiver

1221 USART ASYNCHRONOUS
TRANSMITTER

The USART transmitter block diagram is shown in
Figure 12-1. The heart of the transmitter is the Transmit
(serial) Shift Register (TSR). The shift register obtains
its data from the read/write transmit buffer, TXREG. The
TXREG register is loaded with data in software. The
TSR register is not loaded until the Stop bit has been
transmitted from the previous load. As soon as the Stop
bit is transmitted, the TSR is loaded with new data from
the TXREG register (if available). Once the TXREG
register transfers the data to the TSR register (occurs
in one Tcy), the TXREG register is empty and flag bit
TXIF (PIR1<4>) is set. This interrupt can be enabled/
disabled by setting/clearing enable bit TXIE
( PIE1<4>). Flag bit TXIF will be set regardless of the
state of enable bit TXIE and cannot be cleared in
software. It will reset only when new data is loaded into
the TXREG register. While flag bit TXIF indicated the
status of the TXREG register, another bit TRMT
(TXSTA<1>) shows the status of the TSR register.
Status bit TRMT is a read-only bit which is set when the
TSR register is empty. No interrupt logic is tied to this
bit, so the user has to poll this bit in order to determine
if the TSR register is empty.

Note 1: The TSR register is not mapped in data
memory so it is not available to the user.

2: Flag bit TXIF is set when enable bit TXEN

is set.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data
and the Baud Rate Generator (BRG) has produced a
shift clock (Figure 12-1). The transmission can also be
started by first loading the TXREG register and then
setting enable bit TXEN. Normally when transmission
is first started, the TSR register is empty, so a transfer
to the TXREG register will result in an immediate
transfer to TSR resulting in an empty TXREG. A back-
to-back transfer is thus possible (Figure 12-3). Clearing
enable bit TXEN during a transmission will cause the
transmission to be aborted and will reset the
transmitter. As a result the RB2/TX/CK pin will revert to
high-impedance.

In order to select 9-bit transmission, transmit bit TX9
(TXSTA<6>) should be set and the ninth bit should be
written to TX9D (TXSTA<0>). The ninth bit must be
written before writing the 8-bit data to the TXREG
register. This is because a data write to the TXREG
register can result in an immediate transfer of the data
to the TSR register (if the TSR is empty). In such a
case, an incorrect ninth data bit may be loaded in the
TSR register.

© 2005 Microchip Technology Inc.
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FIGURE 12-1: USART TRANSMIT BLOCK DIAGRAM
F Data Bus
<—| TXREG register ‘
TXIE { 3
' ______________________ LSb
. Pin Buff
| 0 ‘ | and Control X
.. __._TSRregister ________. RB2/TX/CK pin
Interrupt

| TRMT| | SPEN]|
Baud Rate Generator
Follow these steps when setting up an Asynchronous
Transmission:
1. TRISB<1>and TRISB<2> should both be setto
‘1’ to configure the RB1/RX/DT and RB2/TX/CK
pins as inputs. Output drive, when required, is
controlled by the peripheral circuitry.
2. Initialize the SPBRG register for the appropriate
baud rate. If a high-speed baud rate is desired,
set bit BRGH. (Section 12.1 “USART Baud
Rate Generator (BRG)").
3. Enable the asynchronous serial port by clearing
bit SYNC and setting bit SPEN.
4. If interrupts are desired, then set enable bit
TXIE.
5. If 9-bit transmission is desired, then set transmit
bit TX9.
6. Enable the transmission by setting bit TXEN,
which will also set bit TXIF.
7. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.
8. Load data to the TXREG register (starts
transmission).
FIGURE 12-2: ASYNCHRONOUS TRANSMISSION
Write to TXREG I )f ¢
BRG output World !
(shift clock) — L I I | I jpo— | | . —
RB2TXICK (pin) N startbit < bit0 X bitt_X__ ¢ W bt7B  /Sopbit
TXIF bit L Word 1 : :
(Transmit buffer ' cc !
reg. empty flag) |_| D) :
T i st S R |
reg. empty flag) —| cc
DJ
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FIGURE 12-3: ASYNCHRONOUS TRANSMISSION (BACK TO BACK)
Write to TXREG 1 1 cc
Word 1 Word 2 J)
it o, L 1 I e L1 I
RB2/TX/CK (pin) ! ) _ _ _ . ) _
XIE bit : IStart bit < bito bit1_ X §( X bit7/8 Stop bit . Startbit < bito
(interrupt reg. flag) LT Word 1 J Word 2
1] | g
)
TRMT bit hitt Wordl —» Word2 ——
T it shi i i
Segér;snrqn[;tys f|'lglg) Transmit Shift Reg. Transmit Shift Reg.
] C
)
Note: This timing diagram shows two consecutive transmissions.
TABLE 12-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION
value on Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR all other
Resets
0Ch PIR1 EEIF CMIF | RCIF TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000 | 0000 -000
18h RCSTA SPEN RX9 | SREN | CREN | ADEN | FERR OERR RX9D | 0000 000x | 0000 000x
19h TXREG | USART Transmit Data Register 0000 0000 | 0000 0000
8Ch PIE1 EEIE CMIE | RCIE TXIE — CCP1IE | TMR2IE | TMR1IE| 0000 -000 | 0000 -000
98h TXSTA CSRC TX9 | TXEN | SYNC — BRGH TRMT TX9D | 0000 -010 | 0000 -010
99h SPBRG| Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented locations read as ‘0’.

Shaded cells are not used for Asynchronous Transmission.

© 2005 Microchip Technology Inc.

DS40044C-page 79




PIC16F627A/628A/648A

12.2.2 USART ASYNCHRONOUS
RECEIVER

The receiver block diagram is shown in Figure 12-4.
The data is received on the RB1/RX/DT pin and drives
the data recovery block. The data recovery block is
actually a high-speed shifter operating at x16 times the
baud rate, whereas the main receive serial shifter
operates at the bit rate or at Fosc.

When Asynchronous mode is selected, reception is
enabled by setting bit CREN (RCSTA<4>).

The heart of the receiver is the Receive (serial) Shift
Register (RSR). After sampling the Stop bit, the
received data in the RSR is transferred to the RCREG
register (if it is empty). If the transfer is complete, flag
bit RCIF (PIR1<5>) is set. The actual interrupt can be
enabled/disabled by setting/clearing enable bit RCIE
(PIE1<5>). Flag bit RCIF is a read-only bit, which is
cleared by the hardware. Itis cleared when the RCREG
register has been read and is empty. The RCREG is a

FIGURE 12-4:

double buffered register (i.e., it is a two-deep FIFO). It
is possible for two bytes of data to be received and
transferred to the RCREG FIFO and a third byte begin
shifting to the RSR register. On the detection of the
Stop bit of the third byte, if the RCREG register is still
full, then overrun error bit OERR (RCSTA<1>) will be
set. The word in the RSR will be lost. The RCREG
register can be read twice to retrieve the two bytes in
the FIFO. Overrun bit OERR has to be cleared in soft-
ware. This is done by resetting the receive logic (CREN
is cleared and then set). If bit OERR is set, transfers
from the RSR register to the RCREG register are inhib-
ited, so it is essential to clear error bit OERR if it is set.
Framing error bit FERR (RCSTA<2>) is set if a Stop bit
is detected as clear. Bit FERR and the 9th receive bit
are buffered the same way as the receive data. Read-
ing the RCREG, will load bits RX9D and FERR with
new values, therefore it is essential for the user to read
the RCSTA register before reading RCREG register in
order not to lose the old FERR and RX9D information.

USART RECEIVE BLOCK DIAGRAM

x64 Baud Rate CLK

Baud Rate Generator

RB1/RX/DT

Pin Buffer Data
and Control Recovery

SPEN

RX9

FERR

) 1 0 |Start :

Enable

ADEN Load of S 7 ’&_
Receive
RX9
ADEN Buffer
RSR<8> 8

RX9D RCREG register
FIFO

RX9D RCREG register

8

Data Bus

Interrupt
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FIGURE 12-5: ASYNCHRONOUS RECEPTION WITH ADDRESS DETECT
i Start
RBL/RX/DT (Pin) bit (it 0 bit 1 9{ bit8 /Stop \ ol A bito XE@( bits /" Stop
it I
RCV Shift R_eg> C C T I_l cc
RCV Buffer Reg ) | J) I , J)
bit 8 = 0, Data Byte bit 8 = 1, Address Byte T Word 1

Read RCV ' RCREG
B C C C N

uffer Reg D) D) ] ))
RCREG : ’)
RCIF qe (C ; S5
(interrupt flag) J) D) .
ADEN=1 X (C (C ‘ q¢ o
(Address Match )0 ) )

Enable)

Note: This timing diagram shows a data byte followed by an address byte. The data byte is not read into the RCREG
(Receive Buffer) because ADEN = 1 and bit 8 = 0.

FIGURE 12-6: ASYNCHRONOUS RECEPTION WITH ADDRESS BYTE FIRST
IRX/DT (pi Start Start
REVRXDT (b bit_(bit 0 Y bit1 X9 Ybits Stop \ bt bito S Ybis Siop
it I

RCV Shift REQL C)() I n ()() | ()()
RCV Buffer Reg bit 8 = 1, Address Byte 1 Word 1 bit 8 = 0, Data Byte
Read RCV CC R Qs CC

uffer Reg ) D) D)
RCREG ! ’)
RCIF e — S S
(Interrupt Flag) J)

Q! (C Q¢ (C v

ADEN =1
(Address Match PR ) R
Enable)

Note: This timing diagram shows an address byte followed by an data byte. The data byte is not read into the RCREG
(receive buffer) because ADEN was not updated (still = 1) and bit 8 = 0.

FIGURE 12-7: ASYNCHRONOUS RECEPTION WITH ADDRESS BYTE FIRST FOLLOWED BY
VALID DATA BYTE

RB1/RX/DT (pin) Start _ Start
bit_bit0 Y bit 1 X9 Yoite /siop \_bit_{bito Y3 Yrite /Stop
bit

bit
ROVt c . e 1 o0
RCV Buffer Reg 2] DRI | 2D
bit 8 = 1, Address Byte T \év((:)nglG bit 8 = 0, Data Byte T \F/QVSSEZG

Read RCV CC, B (< - CC n

uffer Reg b)) T D) j J)
RCREG ' ) : /

' ! C

RCIF CC 1 CC
(Interrupt Flag) J)J ) )) —
ADEN 55 l C C
(Address Match J) pD)

Enable)

Note: This timing diagram shows an address byte followed by an data byte. The data byte is read into the RCREG
(Receive Buffer) because ADEN was updated after an address match, and was cleared to a ‘0, so the contents
of the Receive Shift Register (RSR) are read into the Receive Buffer regardless of the value of bit 8.
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Follow these steps when setting up an Asynchronous
Reception:

1. TRISB<1>and TRISB<2> should both be set to
‘1’ to configure the RB1/RX/DT and RB2/TX/CK
pins as inputs. Output drive, when required, is
controlled by the peripheral circuitry.

2. Initialize the SPBRG register for the appropriate
baud rate. If a high-speed baud rate is desired,
set bit BRGH. (Section 12.1 “USART Baud
Rate Generator (BRG)").

3. Enable the asynchronous serial port by clearing
bit SYNC and setting bit SPEN.

4. If interrupts are desired, then set enable hit
RCIE.

5. If 9-hit reception is desired, then set bit RX9.

6. Enable the reception by setting bit CREN.

7. Flag bit RCIF will be set when reception is
complete and an interrupt will be generated if
enable bit RCIE was set.

8. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

9. Read the 8-bit received data by reading the
RCREG register.

10. If an OERR error occurred, clear the error by
clearing enable bit CREN.

TABLE 12-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

. . . . . . . . Value on Value on

Address| Name Bit 7 Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR all other

Resets
0Ch PIR1 EEIF CMIF | RCIF TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000| 0000 -000
18h RCSTA | SPEN RX9 | SREN | CREN | ADEN | FERR | OERR | RX9D | 0000 000x | 0000 000x
1Ah RCREG | USART Receive Data Register 0000 0000|0000 0000
8Ch PIE1 EEIE CMIE | RCIE TXIE — CCP1IE| TMR2IE | TMR1IE| 0000 -000| 0000 -000
98h TXSTA CSRC TX9 | TXEN | SYNC — BRGH | TRMT TX9D | 0000 -010| 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000|0000 0000
Legend: x = unknown, - = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous reception.
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12.3 USART Address Detect Function

12.3.1 USART 9-BIT RECEIVER WITH
ADDRESS DETECT

When the RX9 bit is set in the RCSTA register, 9 bits
are received and the ninth bit is placed in the RX9D bit
of the RCSTA register. The USART module has a
special provision for multiprocessor communication.
Multiprocessor communication is enabled by setting
the ADEN bit (RCSTA<3>) along with the RX9 bit. The
port is now programmed such that when the last bit is
received, the contents of the Receive Shift Register
(RSR) are transferred to the receive buffer, the ninth bit
of the RSR (RSR<8>) is transferred to RX9D, and the
receive interrupt is set if and only if RSR<8> = 1. This
feature can be used in a multiprocessor system as
follows:

A master processor intends to transmit a block of data
to one of many slaves. It must first send out an address
byte that identifies the target slave. An address byte is
identified by setting the ninth bit (RSR<8>) to a ‘1’
(instead of a ‘0’ for a data byte). If the ADEN and RX9
bits are set in the slave’s RCSTA register, enabling
multiprocessor communication, all data bytes will be
ignored. However, if the ninth received bit is equal to a
‘1’, indicating that the received byte is an address, the
slave will be interrupted and the contents of the RSR
register will be transferred into the receive buffer. This
allows the slave to be interrupted only by addresses, so
that the slave can examine the received byte to see if it
is being addressed. The addressed slave will then clear
its ADEN bit and prepare to receive data bytes from the
master.

When ADEN is enabled (= 1), all data bytes are
ignored. Following the Stop bit, the data will not be
loaded into the receive buffer, and no interrupt will
occur. If another byte is shifted into the RSR register,
the previous data byte will be lost.

The ADEN bit will only take effect when the receiver is
configured in 9-bit mode (RX9 = 1). When ADEN is
disabled (= 0), all data bytes are received and the 9th
bit can be used as the parity bit.

The receive block diagram is shown in Figure 12-4.

Reception is enabled by setting bit CREN
(RCSTA<4>).
12.3.1.1 Setting up 9-bit mode with Address

Detect

Follow these steps when setting up Asynchronous
Reception with Address Detect Enabled:

1. TRISB<1>and TRISB<2> should both be set to
‘1’ to configure the RB1/RX/DT and RB2/TX/CK
pins as inputs. Output drive, when required, is
controlled by the peripheral circuitry.

2. Initialize the SPBRG register for the appropriate
baud rate. If a high-speed baud rate is desired,
set bit BRGH.

3. Enable asynchronous communication by setting
or clearing bit SYNC and setting bit SPEN.

4. If interrupts are desired, then set enable bit
RCIE.

5. Set bit RX9 to enable 9-bit reception.
6. Set ADEN to enable address detect.

7. Enable the reception by setting enable bit CREN
or SREN.

8. Flag bit RCIF will be set when reception is
complete and an interrupt will be generated if
enable bit RCIE was set.

9. Read the 8-bit received data by reading the
RCREG register to determine if the device is
being addressed.

If an OERR error occurred, clear the error by
clearing enable bit CREN if it was already set.

If the device has been addressed (RSR<8> =1
with address match enabled), clear the ADEN
and RCIF bits to allow data bytes and address
bytes to be read into the receive buffer and
interrupt the CPU.

10.

11.

TABLE 12-8: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION
. . . . . . . . Value on Value on
Address| Name | Bit7 | Bit6 | Bith Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR all other
Resets
0Ch PIR1 EEIF | CMIF | RCIF TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000| 0000 -000
18h RCSTA | SPEN | RX9 | SREN | CREN | ADEN | FERR | OERR | RX9D | 0000 000x| 0000 000x
1Ah RCREG | USART Receive Data Register 0000 0000 | 0000 0000
8Ch PIE1 EEIE | CMIE | RCIE TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000| 0000 -000
98h TXSTA | CSRC | TX9 | TXEN | SYNC — BRGH | TRMT TX9D | 0000 -010| 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous
reception.

© 2005 Microchip Technology Inc.
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12.4 USART Synchronous Master
Mode

In Synchronous Master mode, the data is transmitted in
a half-duplex manner (i.e., transmission and reception
do not occur at the same time). When transmitting data,
the reception is inhibited and vice versa. Synchronous
mode is entered by setting bit SYNC (TXSTA<4>). In
addition enable bit SPEN (RCSTA<7>) is setin order to
configure the RB2/TX/CK and RB1/RX/DT I/O pins to
CK (clock) and DT (data) lines, respectively. The
Master mode indicates that the processor transmits the
master clock on the CK line. The Master mode is
entered by setting bit CSRC (TXSTA<7>).

12.41 USART SYNCHRONOUS MASTER
TRANSMISSION

The USART transmitter block diagram is shown in
Figure 12-1. The heart of the transmitter is the Transmit
(serial) Shift Register (TSR). The shift register obtains
its data from the read/write transmit buffer register,
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREG (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one Tcycle), the TXREG is empty and
interrupt bit, TXIF (PIR1<4>) is set. The interrupt can
be enabled/disabled by setting/clearing enable bit TXIE
(PIE1<4>). Flag bit TXIF will be set regardless of the
state of enable bit TXIE and cannot be cleared in
software. It will reset only when new data is loaded into
the TXREG register. While flag bit TXIF indicates the
status of the TXREG register, another bit TRMT
(TXSTA<1>) shows the status of the TSR register.
TRMT is a read-only bit which is set when the TSR is
empty. No interrupt logic is tied to this bit, so the user
has to poll this bit in order to determine if the TSR
register is empty. The TSR is not mapped in data
memory so it is not available to the user.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data.
The first data bit will be shifted out on the next available
rising edge of the clock on the CK line. Data out is
stable around the falling edge of the synchronous clock
(Figure 12-8). The transmission can also be started by
first loading the TXREG register and then setting bit
TXEN (Figure 12-9). This is advantageous when slow
baud rates are selected, since the BRG is kept in Reset
when bits TXEN, CREN and SREN are clear. Setting
enable bit TXEN will start the BRG, creating a shift
clock immediately. Normally, when transmission is first
started, the TSR register is empty, so a transfer to the
TXREG register will result in an immediate transfer to
TSR resulting in an empty TXREG. Back-to-back
transfers are possible.

Clearing enable bit TXEN during a transmission will
cause the transmission to be aborted and will reset the
transmitter. The DT and CK pins will revert to high-
impedance. If either bit CREN or bit SREN is set during
a transmission, the transmission is aborted and the DT
pin reverts to a high-impedance state (for a reception).
The CK pin will remain an output if bit CSRC is set
(internal clock). The transmitter logic however is not
reset although it is disconnected from the pins. In order
to reset the transmitter, the user has to clear bit TXEN.
If bit SREN is set (to interrupt an on-going transmission
and receive a single word), then after the single word is
received, bit SREN will be cleared and the serial port
will revert back to transmitting since bit TXEN is still set.
The DT line will immediately switch from high-imped-
ance Receive mode to transmit and start driving. To
avoid this, bit TXEN should be cleared.

In order to select 9-bit transmission, the TX9
(TXSTA<6>) bit should be set and the ninth bit should
be written to bit TX9D (TXSTA<0>). The ninth bit must
be written before writing the 8-bit data to the TXREG
register. This is because a data write to the TXREG can
result in an immediate transfer of the data to the TSR
register (if the TSR is empty). If the TSR was empty and
the TXREG was written before writing the “new” TX9D,
the “present” value of bit TX9D is loaded.

Follow these steps when setting up a Synchronous
Master Transmission:

1. TRISB<1>and TRISB<2> should both be set to
‘1’ to configure the RB1/RX/DT and RB2/TX/CK
pins as inputs. Output drive, when required, is
controlled by the peripheral circuitry.

2. Initialize the SPBRG register for the appropriate
baud rate (Section 12.1 “USART Baud Rate
Generator (BRG)").

3. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

4. If interrupts are desired, then set enable bit
TXIE.

5. If 9-bit transmission is desired, then set bit TX9.

6. Enable the transmission by setting bit TXEN.

7. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

8. Start each transmission by loading data to the
TXREG register.
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TABLE 12-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

. . . . . . . . Value on Value on all
Address | Name Bit 7 Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR other Resets
0Ch PIR1 EEIF CMIF | RCIF | TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000| 0000 -000
18h RCSTA | SPEN RX9 | SREN | CREN | ADEN FERR OERR RX9D | 0000 000x| 0000 000x
19h TXREG | USART Transmit Data Register 0000 0000 | 0000 0000
8Ch PIE1 EEIE | CMIE | RCIE | TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000| 0000 -000
98h TXSTA | CSRC TX9 | TXEN | SYNC — BRGH | TRMT TX9D [ 0000 -010| 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented, read as ‘0’. Shaded cells are not used for synchronous master transmission.
FIGURE 12-8: SYNCHRONOUS TRANSMISSION
| | . | .
elozededoforiedotoeddoiodedodatododed  edeseiodededatodadedatozodonodedodotosededolodedes
RB1/RX/DT pin - X BIOX BT X BEZX | § X BT X B0 X B X X Bt
: - Word1 — - Word 2 ' :
RB2/TX/CK pin | [ 71 71 I_S/( [T [ [l [l SS :
Wieto : : | | | | : :
TXREG Reg l_! . 1 . (C . . . ' ‘c .
Write Word 1+ Wmé Word 2 : » : : : ' ) :
TX”: blt ! ' : N ! ! 1 I ' (( f
(Interrupt Flag) , X ' )()( ' ' . : ) X
TRMT bit L| ' ' . ' e ' ' ' ' ‘c [
: : : : ) l | \ ' )) :
) ' : : : (( ! ! ! . (( ! 1
TXEN bit . ) )
Note: Sync Master Mode; SPBRG = 0. Continuous transmission of two 8-bit words.
FIGURE 12-9: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)
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12.4.2 USART SYNCHRONOUS MASTER
RECEPTION

Once Synchronous mode is selected, reception is
enabled by setting either enable bit SREN
(RCSTA<5>) or enable bit CREN (RCSTA<4>). Data is
sampled on the RB1/RX/DT pin on the falling edge of
the clock. If enable bit SREN is set, then only a single
word is received. If enable bit CREN is set, the recep-
tion is continuous until CREN is cleared. If both bits are
set, then CREN takes precedence. After clocking the
last bit, the received data in the Receive Shift Register
(RSR) is transferred to the RCREG register (if it is
empty). When the transfer is complete, interrupt flag bit
RCIF (PIR1<5>) is set. The actual interrupt can be
enabled/disabled by setting/clearing enable bit RCIE
(PIE1<5>). Flag bit RCIF is a read-only bit which is
reset by the hardware. In this case, it is reset when the
RCREG register has been read and is empty. The
RCREG is a double buffered register (i.e., it is a two-
deep FIFO). It is possible for two bytes of data to be
received and transferred to the RCREG FIFO and a
third byte to begin shifting into the RSR register. On the
clocking of the last bit of the third byte, if the RCREG
register is still full, then overrun error bit OERR
(RCSTA<1>) is set. The word in the RSR will be lost.
The RCREG register can be read twice to retrieve the
two bytes in the FIFO. Bit OERR has to be cleared in
software (by clearing bit CREN). If bit OERR is set,
transfers from the RSR to the RCREG are inhibited, so
it is essential to clear bit OERR if it is set. The 9th
receive bit is buffered the same way as the receive
data. Reading the RCREG register, will load bit RX9D
with a new value, therefore it is essential for the user to
read the RCSTA register before reading RCREG in
order not to lose the old RX9D information.

Follow these steps when setting up a Synchronous
Master Reception:

1. TRISB<1>and TRISB<2> should both be set to
‘1’ to configure the RB1/RX/DT and RB2/TX/CK
pins as inputs. Output drive, when required, is
controlled by the peripheral circuitry.

2. Initialize the SPBRG register for the appropriate
baud rate. (Section 12.1 “USART Baud Rate
Generator (BRG)").

3. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

4. Ensure bits CREN and SREN are clear.

5. If interrupts are desired, then set enable bit
RCIE.

6. If 9-bit reception is desired, then set bit RX9.

7. If a single reception is required, set bit SREN.
For continuous reception, set bit CREN.

8. Interrupt flag bit RCIF will be set when reception
is complete and an interrupt will be generated if
enable bit RCIE was set.

9. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

10. Read the 8-bit received data by reading the
RCREG register.

11. If an OERR error occurred, clear the error by
clearing bit CREN.

TABLE 12-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

Address | Name Bit 7 Bit6 | Bit5 | Bit4

Value on: | Value on all

Bit2 Bit1 Bit 0 POR other Resets

0Ch PIR1 EEIF | CMIF | RCIF | TXIF

CCP1IF | TMR2IF | TMR1IF | 0000 -000 | 0000 -000

18h RCSTA | SPEN | RX9 | SREN |CREN | ADEN

FERR OERR RX9D | 0000 000x | 0000 000x

1Ah RCREG | USART Receive Data Register

0000 0000 | 0000 0000

8Ch PIE1 EPIE | CMIE | RCIE | TXIE

CCP1IE | TMR2IE | TMR1IE | -000 0000 | -000 -000

98h TXSTA | CSRC | TX9 [ TXEN | SYNC

BRGH TRMT TX9D | 0000 -010| 0000 -010

99h SPBRG | Baud Rate Generator Register

0000 0000 | 0000 0000

Legend:

x = unknown, - = unimplemented read as ‘0’. Shaded cells are not used for synchronous master reception.
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FIGURE 12-10: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

Q2|Q3|Q4iQJlQ2|Q3|Q4:QJJQ2|Q3|Q4iQ14Q2|Q3|Q4:Q1|Q2|Q3|Q4iQ4Q2|Q3|Q4iQ11Q2|Q3|Q4iQ14Q2|Q3|Q4iQ1|Q4Q4Q4iQ1|Q2|Q4Q4iQ1|Q2|Q4Q4i
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0
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RCIF bit

(Interrupt) . : : . . . . : X : !
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Note: Timing diagram demonstrates Sync Master mode with bit SREN = 1 and bit BRG = 0.

12.5 USART Synchronous Slave Mode Follow these steps when setting up a Synchronous
Slave Transmission:

1. TRISB<1>and TRISB<2> should both be set to
‘1’ to configure the RB1/RX/DT and RB2/TX/CK

pins as inputs. Output drive, when required, is
controlled by the peripheral circuitry.

Synchronous Slave mode differs from the Master mode
in the fact that the shift clock is supplied externally at
the RB2/TX/CK pin (instead of being supplied internally
in Master mode). This allows the device to transfer or
receive data while in Sleep mode. Slave mode is

entered by clearing bit CSRC (TXSTA<7>). 2. Enable the synchronous slave serial port by
setting bits SYNC and SPEN and clearing bit

1251 USART SYNCHRONOUS SLAVE CSRC.

TRANSMIT 3. Clear bits CREN and SREN.

The operation of the Synchronous Master and Slave 4. If interrupts are desired, then set enable bit

modes are identical except in the case of the Sleep TXIE.

mode. 5. If 9-bit transmission is desired, then set bit TX9.

If two words are written to the TXREG and then the 6. Enable the transmission by setting enable bit

SLEEP instruction is executed, the following will occur: TXEN.

7. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

8. Starttransmission by loading data to the TXREG
register.

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG register.

¢) Flag bit TXIF will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second
word to the TSR and flag bit TXIF will now be
set.

e) If enable bit TXIE is set, the interrupt will wake
the chip from Sleep and if the global interrupt is
enabled, the program will branch to the interrupt
vector (0004h).
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12.5.2 USART SYNCHRONOUS SLAVE Follow these steps when setting up a Synchronous
RECEPTION Slave Reception:

The operation of the Synchronous Master and Slave 1. TR|SB<1>_ and TRISB<2> should both be set to

modes is identical except in the case of the Sleep 1" to configure the RB1/RX/DT and RB2/TX/CK

mode. Also, bit SREN is a “don’t care” in Slave mode. pins as inputs. Output drive, when required, is

controlled by the peripheral circuitry.

2. Enable the synchronous master serial port by
setting bits SYNC and SPEN and clearing bit

If receive is enabled by setting bit CREN prior to the
SLEEP instruction, then a word may be received during
Sleep. On completely receiving the word, the RSR

register will transfer the data to the RCREG register CSRC.

and if enable bit RCIE bit is set, the interrupt generated 3. If interrupts are desired, then set enable bit
will wake the chip from Sleep. If the global interrupt is RCIE.

enabled, the program will branch to the interrupt vector 4. If 9-bit reception is desired, then set bit RX9.
(0004h). 5. To enable reception, set enable bit CREN.

6. Flag bit RCIF will be set when reception is
complete and an interrupt will be generated, if
enable bit RCIE was set.

7. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

8. Read the 8-bit received data by reading the
RCREG register.

9. If an OERR error occurred, clear the error by
clearing bit CREN.

TABLE 12-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

. . . . . . . . Value on Value on all
Address | Name Bit 7 Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR other Resets
0Ch PIR1 EEIF | CMIF | RCIF | TXIF — CCP1IF | TMR2IF | TMR1IF | 0000 -000| 0000 -000
18h RCSTA | SPEN | RX9 [SREN |CREN| ADEN | FERR | OERR RX9D | 0000 000x | 0000 000x
19h TXREG | USART Transmit Data Register 0000 0000 | 0000 0000
8Ch PIE1 EEIE | CMIE | RCIE | TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000 | 0000 -000
98h TXSTA | CSRC | TX9 | TXEN | SYNC — BRGH | TRMT TX9D | 0000 -010| 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x = unknown, - = unimplemented read as ‘0’. Shaded cells are not used for synchronous slave transmission.

TABLE 12-12: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

. . . . . . . . Value on Value on all
Address | Name Bit 7 Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR other Resets
0Ch PIR1 EEIF CMIF | RCIF | TXIF — CCP1IF | TMR2IF | TMR1IF [ 0000 -000| 0000 -000
18h RCSTA | SPEN | RX9 |SREN |CREN| ADEN | FERR | OERR | RX9D | 0000 000x| 0000 000x
1Ah RCREG | USART Receive Data Register 0000 0000 | 0000 0000
8Ch PIE1 EEIE | CMIE | RCIE | TXIE — CCP1IE | TMR2IE | TMR1IE | 0000 -000| 0000 -000
98h TXSTA | CSRC | TX9 | TXEN | SYNC — BRGH | TRMT TX9D | 0000 -010| 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented read as ‘0’. Shaded cells are not used for synchronous slave reception.
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13.0 DATA EEPROM MEMORY

The EEPROM data memory is readable and writable
during normal operation (full VDD range). This memory
is not directly mapped in the register file space. Instead
it is indirectly addressed through the Special Function
Registers (SFRs). There are four SFRs used to read
and write this memory. These registers are:

« EECON1

« EECON2 (Not a physically implemented register)

* EEDATA

* EEADR

EEDATA holds the 8-bit data for read/write and EEADR
holds the address of the EEPROM location being
accessed. PIC16F627A/628A devices have 128 bytes
of data EEPROM with an address range from Oh to

7Fh. The PIC16F648A device has 256 bytes of data
EEPROM with an address range from Oh to FFh.

The EEPROM data memory allows byte read and write.
A byte write automatically erases the location and
writes the new data (erase before write). The EEPROM
data memory is rated for high erase/write cycles. The
write time is controlled by an on-chip timer. The write
time will vary with voltage and temperature, as well as
from chip-to-chip. Please refer to AC specifications for
exact limits.

When the device is code-protected, the CPU can
continue to read and write the data EEPROM memory. A
device programmer can no longer access this memory.

Additional information on the data EEPROM is
available in the PICmicro® Mid-Range Reference
Manual (DS33023).

REGISTER 13-1: EEDATA — EEPROM DATA REGISTER (ADDRESS: 9Ah)

R/W-x R/W-x R/W-x

R/W-x R/W-x R/W-x R/W-x R/W-x

EEDAT7 | EEDAT6 | EEDAT5 EEDAT4| EEDAT3 ‘EEDATZ‘ EEDAT1 | EEDATO

bit 7

bit 0

bit 7-0 EEDATN: Byte value to Write to or Read from data EEPROM memory location.

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

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bitis cleared X = Bit is unknown

REGISTER