MICROCHIP

PIC16C9XX

8-Bit CMOS Microcontroller with LCD Driver

Devices included in this data sheet:

* PIC16C923
* PIC16C924

Microcontroller Core Features:

« High performance RISC CPU

« Only 35 single word instructions to learn

¢ 4K x 14 on-chip EPROM program memory
» 176 x 8 general purpose registers (SRAM)

« All single cycle instructions (500 ns) except for
program branches which are two-cycle

» Operating speed: DC - 8 MHz clock input
DC - 500 ns instruction cycle

* Interrupt capability
 Eight level deep hardware stack
« Direct, indirect and relative addressing modes

Peripheral Features:

» 25 1/0 pins with individual direction control

e 25-27 input only pins

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

» Timerl: 16-bit timer/counter. TMR1 can be incre-
mented during sleep via external crystal/clock

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

« One pin that can be configured a capture input,
PWM output, or compare output

- Capture is 16-bit, max. resolution 31.25 ns

- Compare is 16-bit, max. resolution 500 ns

- PWM resolution is 1- to 10-bits. Maximum
PWM frequency @ 8-bit resolution = 32 kHz,
@ 10-bit resolution = 8 kHz

* Programmable LCD timing module
- Multiple LCD timing sources available
- Can drive LCD panel while in Sleep mode
- Static, 1/2, 1/3, 1/4 multiplex
- Static drive and 1/3 bias capability
- 16 bytes of dedicated LCD RAM

- Up to 32 segments, up to 4 commons

Available in Die Form

Common Segment Pixels
1 32 32
2 31 62
3 30 90
4 29 116

« Synchronous Serial Port (SSP) with SPI”
and 1°C”

 8-bit multichannel Analog to Digital converter
(PIC16C924 only)

Special Microcontroller Features:

* Power-on Reset (POR)

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

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

« Programmable code-protection

« Power saving SLEEP mode

 Selectable oscillator options

« Serial in-system programming (via two pins)

CMOS Technology

» Low-power, high-speed CMOS EPROM
technology

 Fully static design

* Wide operating voltage range: 3.0V to 6.0V

e Commercial and Industrial temperature ranges

» Low-power consumption:
-<2mA@ 5.5V, 4 MHz
- 22.5 pAtypical @ 4V, 32 kHz
- <1 pAtypical standby current @ 3.0V

12C is a trademark of Philips Corporation. SPI is a trademark of Motorola Corporation.

0 1996 Microchip Technology Inc.

F P Y S [

Preliminary

DS30444D-page 1

—— . _AA_l._._ AN 2



PIC16C9XX

Pin Diagrams
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PIC16C9XX

Pin Diagrams (Cont.d)
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Note 1: Please contact your local Microchip representative for availability of
this package.
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PIC16C9XX

1.0 GENERAL DESCRIPTION

The PIC16C9XX is a family of low-cost, high-perfor-
mance, CMOS, fully-static, 8-bit microcontrollers with
an integrated LCD Driver module, in the PIC16CXX
mid-range family.

All PIC16/17 microcontrollers employ an advanced
RISC architecture. The PIC16CXX microcontroller
family has enhanced core features, 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. Additionally, a large reg-
ister set gives some of the architectural innovations
used to achieve a very high performance.

PIC16CXX microcontrollers typically achieve a 2:1
code compression and a 4:1 speed improvement over
other 8-bit microcontrollers in their class.

The PIC16C923 devices have 176 bytes of RAM and
25 1/0O pins. In addition several peripheral features are
available including: three timer/counters, one Cap-
ture/Compare/PWM module, one serial port and one
LCD module. The Synchronous Serial Port can be con-
figured as either a 3-wire Serial Peripheral Interface
(SPI) or the two-wire Inter-Integrated Circuit (12C) bus.
The LCD module features programmable multiplex
mode (static, 1/2, 1/3 and 1/4) and drive bias (static and
1/3). It is capable of driving up to 32 segments and up
to 4 commons. It can also drive the LCD panel while in
SLEEP mode.

The PIC16C924 devices have 176 bytes of RAM and
25 1/0 pins. In addition several peripheral features are
available including: three timer/counters, one Cap-
ture/Compare/PWM module, one serial port and one
LCD module. The Synchronous Serial Port can be con-
figured as either a 3-wire Serial Peripheral Interface
(SPI) or the two-wire Inter-Integrated Circuit (IZC) bus.
The LCD module features programmable multiplex
mode (static, 1/2, 1/3 and 1/4) and drive bias (static and
1/3). It is capable of driving up to 32 segments and up
to 4 commons. It can also drive the LCD panel while in
SLEEP mode. The PIC16C924 also has an 5-channel
high-speed 8-bit A/D. The 8-bit resolution is ideally
suited for applications requiring low-cost analog inter-
face, e.g. thermostat control, pressure sensing, and
meters.

The PIC16C9XX family has special features to reduce
external components, thus reducing cost, enhancing
system reliability and reducing power consumption.
There are four oscillator options, of which the single pin
RC oscillator provides a low-cost solution, the LP oscil-
lator minimizes power consumption, XT is a standard
crystal, and the HS is for High Speed crystals. The
SLEEP (power-down) feature provides a power saving

mode. The user can wake up the chip from SLEEP
through several external and internal interrupts and
reset(s).

A highly reliable Watchdog Timer with its own on-chip
RC oscillator provides recovery in the event of a soft-
ware lock-up.

A UV erasable CERQUAD (compatible with PLCC)
packaged version is ideal for code development while
the cost-effective One-Time-Programmable (OTP) ver-
sion is suitable for production in any volume.

The PIC16C9XX family fits perfectly in applications
ranging from handheld meters, thermostats, to home
security products. The EPROM technology makes cus-
tomization of application programs (LCD panels, cali-
bration constants, sensor interfaces, etc.) extremely
fast and convenient. The small footprint packages
make this microcontroller series perfect for all applica-
tions with space limitations. Low cost, low power, high
performance, ease of use and I/O flexibility make the
PIC16C9XX very versatile even in areas where no
microcontroller use has been considered before (e.g.
timer functions, capture and compare, PWM functions
and coprocessor applications).

1.1 Family and Upward Compatibility

Users familiar with the PIC16C5X microcontroller fam-
ily will realize that this is an enhanced version of the
PIC16C5X architecture. Please refer to Appendix A for
a detailed list of enhancements. Code written for the
PIC16C5X can be easily ported to the PIC16CXX fam-
ily of devices (Appendix B).

1.2 Development Support

The PIC16C9XX family will be supported by a full-fea-
tured macro assembler, a software simulator, an in-cir-
cuit emulator, a low-cost development programmer and
a full-featured programmer. A “C” compiler and fuzzy
logic support tools are also in development.

0 1996 Microchip Technology Inc.
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PIC16C9XX

PIC16C9XX FAMILY OF DEVICES
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PIC16C9XX

2.0 PIC16C9XX 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 PIC16C9XX Product
Identification System section at the end of this data
sheet. When placing orders, please use that page of
the data sheet to specify the correct part number.

For the PIC16C9XX family, there are two device “types”
as indicated in the device number:

1. C, as in PIC16C924. These devices have
EPROM type memory and operate over the
standard voltage range.

2. LC, as in PIC16LC924. These devices have
EPROM type memory and operate over an
extended voltage range.

2.1 UV Erasable Devices

The UV erasable version, offered in CERQUAD pack-
age, is optimal for prototype development and pilot pro-
grams.

The UV erasable version can be erased and repro-
grammed to any of the configuration modes.
Microchip's PICSTART" Plus and PRO MATE" II pro-
grammers both support the PIC16C9XX. Third party
programmers also are available; refer to the Microchip
Third Party Guide for a list of sources.

2.2 One-Time-Programmable (OTP)

Devices

The availability of OTP devices is especially useful for
customers who need the flexibility for frequent code
updates and small volume applications.

The OTP devices, packaged in plastic packages, per-
mit the user to program them once. In addition to the
program memory, the configuration bits must also be
programmed.

2.3 Quick-Turnaround-Production (QTP)

Devices

Microchip offers a QTP Programming Service for fac-
tory production orders. This service is made available
for users who choose not to program a medium to high
quantity of units and whose code patterns have stabi-
lized. The devices are identical to the OTP devices but
with all EPROM locations and configuration options
already programmed by the factory. Certain code and
prototype verification procedures apply before produc-
tion shipments are available. Please contact your local
Microchip Technology sales office for more details.

2.4 Serialized Quick-Turnaround

Production (SQTPSM) Devices

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

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

0 1996 Microchip Technology Inc.
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NOTES:
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PIC16C9XX

3.0 ARCHITECTURAL OVERVIEW

The high performance of the PIC16CXX family can be
attributed to a number of architectural features com-
monly found in RISC microprocessors. To begin with,
the PIC16CXX uses a Harvard architecture, in which,
program and data are accessed from separate memo-
ries using separate buses. This improves bandwidth
over traditional von Neumann architecture where pro-
gram and data are fetched from the same memory
using the same bus. Separating program and data
buses further allows instructions to be sized differently
than the 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 memory access
bus fetches a 14-bit instruction in a single cycle. A
two-stage pipeline overlaps fetch and execution of
instructions (Example 3-1). Consequently, all instruc-
tions execute in a single cycle (500 ns @ 8 MHz)
except for program branches.

The PIC16C923 and PIC16C924 both address 4K x 14
of program memory and 176 x 8 of data memory.

The PIC16CXX can directly or indirectly address its
register files or data memory. All special function regis-
ters, including the program counter, are mapped in the
data memory. The PIC16CXX has an orthogonal (sym-
metrical) 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’ make programming with the
PIC16CXX simple yet efficient, thus significantly reduc-
ing the learning curve.

PIC16CXX devices contain an 8-bit ALU and working
register. The ALU is a general purpose arithmetic unit.
It performs arithmetic and Boolean functions between
the data in the working register and any register file.

The ALU is 8-bits wide and capable of addition, sub-
traction, shift and logical operations. Unless otherwise
mentioned, arithmetic operations are two's comple-
ment 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 con-
stant. 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 a borrow bit and a digit borrow out bit,
respectively, in subtraction. See the SUBLWand SUBWF
instructions for examples.

0 1996 Microchip Technology Inc.
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PIC16C9XX

FIGURE 3-1. PIC16C923 BLOCK DIAGRAM
13 Data Bus 8 PORTA
EPROM <7~ Program Counter |< @ RAO
Program RA1
Memory RAM RA2
4K x 14 § Leve Stack File Sﬁi/TOCKI
X 13-bit i il
( ) Registers RAESS
176 x 8
Program 4,
Bus RAM Addr PORTB
Instruction reg
X RBO/NT
H Direct Addr 7 Indirect
Addr
F>|Z| RB1-RB7
8 PORTC
RCO/T10SO/T1CKI
RC1/T10SI
3 RC2/CCP1
POTWef'UP RC3/SCK/SCL
imer RC4/SDI/SDA
Instruction Oscillator RC5/SDO
Decode & Start-up Timer ALU
Control Power-on
- |
Reset 8 PORTD
Timing = Watchdog
|Z<‘::\> Generation Timer RDO-RD4/SEGnn
OSC1/CLKIN
OSC2/CLKOUT
RD5-RD7/SEGnn/COMn
MCLR VDD, Vss
PORTE
=>{X] REO-RE7/SEGNnn
PORTF
“>X] RFO-RF7/SEGNn
PORTG
>[X] RGO-RG7/SEGNhn
. Timerl, Timer2,
Timer0 CcePL
Synchronous > Como
Serial Port - Vvicol
- VLcD2
LCD - VLCcD3
- Cl
C2
- VLCDADJ
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PIC16C9XX

FIGURE 3-2: PIC16C924 BLOCK DIAGRAM

13 Data Bus 8 PORTA
EPROM <=7 Program Counter |< @ RAO/ANO
A
Memory RAM
8 Level Stack File 1 Eﬁiﬁ_‘g‘g% REF
AKx14 (13-bit) Registers RASIANSSS
176 x 8
Program ;4
Bus RAM Addr PORTB
Instruction reg
X RBO/NT
H Direct Addr 7 Indirect
Addr |——
F>|Z| RB1-RB7
8 PORTC
RCO/T10SO/T1CKI
RC1/T10SI
3 RC2/CCP1
Pgl_\{ver-up N RC3/SCK/SCL
imer I RC4/SDI/SDA
Instruction Oscillator RC5/SDO
Decode & [i—> | Start-up Timer ALU
Control Power-on
- |
Reset 8 PORTD
Timing = Watchdog
|Z<‘::\> Generation Timer RDO-RD4/SEGnn
OSC1/CLKIN
OSC2/CLKOUT —
RD5-RD7/SEGnn/COMn
MCLR VDD, Vss
PORTE
— =>X] REO-RE7/SEGNNn
PORTF
— “>X] RFO-RF7/SEGNn
PORTG
— >[X] RGO-RG7/SEGNhn
) Timerl, Timer2,
Timer0 AID cCcP1
Synchronous - COMO
Serial Port - xLCD;
- LCD
LCD - \éLl°D3
C2
- VLCDADJ
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PIC16C9XX

TABLE 3-1: PIC16C9XX PINOUT DESCRIPTION

Pin Name DIP PLCC | TQFP | Pin Buffer Descrintion
Pin# Pin# Pin# | Type Type P

OSC1/CLKIN 22 24 14 | ST/CMOS | Oscillator crystal input/external clock source input. This
buffer is a Schmitt Trigger input when configured in RC
oscillator mode and a CMOS input otherwise.

OSC2/CLKOUT 23 25 15 (0] — Oscillator crystal output. Connects to crystal or resonator
in crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denotes the instruction cycle rate.

MCLR/VPpP 1 2 57 /P ST Master clear (reset) input/programming voltage input. This
pin is an active low reset to the device.
PORTA is a bi-directional I/O port. The AN and VREF multi-
plexed functions are used by the PIC16C924 only.

RAO/ANO 4 5 60 /0 TTL Analog input0

RA1/AN1 5 6 61 lfe} TTL Analog inputl

RA2/AN2 7 8 63 110 TTL Analog input2

RA3/AN3/VREF 8 9 64 1/0 TTL Analog input3/A/D Voltage Reference

RA4/TOCKI 9 10 1 110 ST RA4 can also be selected to be the clock input to the

Timer0 timer/counter. Output is open drain type.
RA5/AN4/SS 10 11 2 1/0 TTL RA5 can also be the slave select for the synchronous
serial port.

PORTB is a bi-directional I/0 port. PORTB can be software
programmed for internal weak pull-ups on all inputs.

RBO/INT 12 13 4 110 TTL/ST RBO can also be selected as an external interrupt pin.
This buffer is a Schmitt Trigger input when configured
as an external interrupt.

RB1 11 12 3 110 TTL

RB2 3 4 59 lfe} TTL

RB3 2 3 58 lfe} TTL

RB4 64 68 56 110 TTL Interrupt on change pin.

RB5 63 67 55 110 TTL Interrupt on change pin.

RB6 61 65 53 110 TTL/ST Interrupt on change pin. Serial programming clock.
This buffer is a Schmitt Trigger input when used in
serial programming mode.

RB7 62 66 54 110 TTL/ST Interrupt on change pin. Serial programming data.
This buffer is a Schmitt Trigger input when used in
serial programming mode.

PORTC is a bi-directional 1/0 port.

RCO/T10SO/T1CKI 24 26 16 110 ST RCO can also be selected as a Timer1l oscillator output
or a Timerl clock input.

RC1/T10SI 25 27 17 110 ST RC1 can also be selected as a Timerl oscillator input.

RC2/CCP1 26 28 18 110 ST RC2 can also be selected as a Capture input/Compare
output/PWM output.

RC3/SCK/SCL 13 14 5 110 ST RC3 can also be selected as the synchronous serial
clock input/output for both SPI and I°C modes.

RC4/SDI/SDA 14 15 6 110 ST RC4 can also be selected as the SPI Data In (SPI
mode) or data I/O (12C mode).

RC5/SDO 15 16 7 110 ST RCS5 can also be selected as the SPI Data Out (SPI
mode).

C1 16 17 8 P LCD Voltage Generation

C2 17 18 9 P LCD Voltage Generation

Legend: | =input O = output P = power L = LCD Driver

— = Not used TTL=TTLinput ST = Schmitt Trigger input

DS30444D-page 12 Prelimi nary 0 1996 Microchip Technology Inc.




PIC16C9XX

TABLE 3-1: PIC16C9XX PINOUT DESCRIPTION (Cont.d)

Pin Name D.IP PL.CC TQFP Pin Buffer Description
Pin# Pin# Pin# | Type Type

COMO 59 63 51 L Common Driver0
PORTD is a digital input/output port. These pins are also
used as LCD Segment and/or Common Drivers.

RDO/SEGO00 29 31 21 1/0/L ST Segment Driver0O0/Digital Input/Output

RD1/SEGO1 30 32 22 1/0/L ST Segment DriverO1/Digital Input/Output

RD2/SEG02 31 33 23 1/0/L ST Segment Driver02/Digital Input/Output

RD3/SEG03 32 34 24 1/0/L ST Segment Driver03/Digital Input/Output

RD4/SEG04 33 35 25 1/0/L ST Segment Driver04/Digital Input/Output

RD5/SEG29/COM3 56 60 48 1L ST Segment Driver29/Common Driver3/Digital Input

RD6/SEG30/COM?2 57 61 49 1L ST Segment Driver30/Common Driver2/Digital Input

RD7/SEG31/COM1 58 62 50 1L ST Segment Driver31/Common Driverl/Digital Input
PORTE is a digital input or LCD Segment Driver port.

REO/SEGO05 34 37 26 L ST Segment Driver05

RE1/SEG06 35 38 27 I ST Segment Driver06

RE2/SEG07 36 39 28 L ST Segment Driver07

RE3/SEG08 37 40 29 L ST Segment Driver08

RE4/SEG09 38 41 30 I ST Segment Driver09

RES5/SEG10 39 42 31 L ST Segment Driver10

RE6/SEG11 40 43 32 1L ST Segment Driverll

RE7/SEG27 - 36 R 1L ST Segment Driver27 (Not available on 64-pin devices)
PORTF is a digital input or LCD Segment Driver port.

RFO/SEG12 41 44 33 I ST Segment Driver12

RF1/SEG13 42 45 34 I ST Segment Driver13

RF2/SEG14 43 46 35 I ST Segment Driver14

RF3/SEG15 44 47 36 1L ST Segment Driver15

RF4/SEG16 45 48 37 I ST Segment Driver16

RF5/SEG17 46 49 38 I ST Segment Driver17

RF6/SEG18 47 50 39 L ST Segment Driver18

RF7/SEG19 48 51 40 I ST Segment Driver19
PORTG is a digital input or LCD Segment Driver port.

RGO/SEG20 49 53 41 L ST Segment Driver20

RG1/SEG21 50 54 42 I ST Segment Driver21

RG2/SEG22 51 55 43 L ST Segment Driver22

RG3/SEG23 52 56 44 L ST Segment Driver23

RG4/SEG24 53 57 45 I ST Segment Driver24

RG5/SEG25 54 58 46 L ST Segment Driver25

RG6/SEG26 55 59 47 L ST Segment Driver26

RG7/SEG28 — 52 — 1L ST Segment Driver28 (Not available on 64-pin devices)

VLCDADJ 28 30 20 P LCD Voltage Generation

AvDD — 21 — P Analog Power (PIC16C924 only)

VDD — 21 — P Power (PIC16C923 only)

Viebl 27 29 19 P LCD Voltage

VLCD2 18 19 10 P — LCD Voltage

Legend: |=input O = output P = power L = LCD Driver

— = Not used TTL=TTLinput ST = Schmitt Trigger input
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PIC16C9XX

TABLE 3-1: PIC16C9XX PINOUT DESCRIPTION (Cont.d)
. DIP PLCC | TQFP | Pin Buffer S
Pin Name Pin# Pint Pin# | Type Type Description
VLCcb3 19 20 11 P — LCD Voltage
VDD 20,60| 22,64 | 12,52 P — Digital power
Vss 6,21 7,23 | 13,62 P — Ground reference
NC — 1 — — — These pins are not internally connected. These pins should
be left unconnected.
Legend: | =input O = output P = power L = LCD Driver
— = Not used TTL=TTLinput ST = Schmitt Trigger input
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PIC16C9XX

3.1 Clocking Scheme/Instruction Cycle

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

FIGURE 3-3: CLOCK/INSTRUCTION CYCLE

3.2 Instruction Flow/Pipelining

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 (PC)
incrementing in Q1.

In the execution cycle, the fetched instruction is latched
into the “Instruction Register" in cycle Q1. This instruc-
tion is then decoded and executed during the Q2, Q3,
and Q4 cycles. Data memory is read during Q2 (oper-
and read) and written during Q4 (destination write).

I Q1 | Q2 | Q3 | Q4 | Q1 | Q2 | Q3 | Q4 |
OSCLL / /" / /L /L N

QL | Q2 | Q3 | Q4 |

Ql 1 1 !
Q2 '_/—\ I / \ I / \—| Internal
phase
Q3 / \ i / \ i /—\—l clock
o) ) A, A
PC ¢ PC X PC+1L X PC+2
OSC2/CLKOUT k—/—k—/—k—/—l
(RC mode) | | |
! Fetch INST (PC)
1 Execute INST (PC-1) Fetch INST (PC+1)
I Execute INST (PC) Fetch INST (PC+2)
| | Execute INST (PC+1)
EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW
Tcy0 Teyl Tecy2 Tecy3 Tcy4 Tcy5
1. MOVLW55h Fetch 1 Execute 1
2. MOWF PCRTB Fetch 2 Execute 2
3. CALL SWB 1 Fetch 3 Execute 3
4. BSF PCRTA, BIT3 (Forced NCP) Fetch 4 Flush
5. Instruction @address SUB 1 Fetch SUB_1| Execute SUB_1

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.

0 1996 Microchip Technology Inc.
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NOTES:
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PIC16C9XX

4.0
4.1

MEMORY ORGANIZATION

Program Memory Organization

The PIC16C9XX family has a 13-bit program counter
capable of addressing an 8K x 14 program memory
space.

Only the first 4K x 14 (0000h-OFFFh) is physically
implemented. Accessing a location above the physi-
cally implemented addresses will cause a wraparound.
The reset vector is at 0000h and the interrupt vector is
at 0004h.

FIGURE 4-1: PROGRAM MEMORY MAP
AND STACK
PC<12:0>
CALL, RETURN 13
RETFI E, RETLW
Stack Level 1
(]
(]
(]
Stack Level 8
Reset Vector 0000h
: <":
(]
Interrupt Vector 0004h
On-chip Program 0005h
Memory (Page 0)
_________ 07FFh
On-chip Program 0800h
Memory (Page 1)
OFFFh
1000h
1FFFh

4.2

The data memory is partitioned into four Banks which
contain the General Purpose Registers and the Special
Function Registers. Bits RP1 and RPO are the bank
select bits.

RP1:RPO (STATUS<6:5>)
11 = Bank 3 (180h-1FFh)
10 = Bank 2 (100h-17Fh)
01 = Bank 1 (80h-FFh)
00 = Bank 0 (00h-7Fh)

The lower locations of each Bank are reserved for the
Special Function Registers. Above the Special Func-
tion Registers are General Purpose Registers imple-
mented as static RAM. All four banks contain special
function registers. Some “high use” special function
registers are mirrored in other banks for code reduction
and quicker access.

Data Memory Organization

4.2.1 GENERAL PURPOSE REGISTER FILE

The register file can be accessed either directly, or indi-
rectly through the File Select Register FSR
(Section 4.5).

The following General Purpose Registers are not phys-
ically implemented:

* FOh-FFh of Bank 1

« 170h-17Fh of Bank 2

+ 1FOh-1FFh of Bank 3

These locations are used for common access across
banks.

0 1996 Microchip Technology Inc.
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PIC16C9XX

FIGURE 4-2: REGISTER FILE MAP

File File File File
Address Address Address Address
Indirect addr.®Y)| 0oh Indirect addr. | gon Indirect addr.(Y)| 100h Indirect addr. Y| 180h
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
PORTC 07h TRISC 87h PORTF 107h TRISF 187h
PORTD 08h TRISD 88h PORTG 108h TRISG 188h
PORTE 09h TRISE 89h 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0OBh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch 10Ch 18Ch
0Dh 8Dh LCDSE 10Dh 18Dh
TMR1L OEh PCON 8Eh LCDPS 10Eh 18Eh
TMR1H OFh 8Fh LCDCON 10Fh 18Fh
T1CON 10h 90h LCDDO00 110h 190h
TMR2 11h 91h LCDDO1 111h 191h
T2CON 12h PR2 92h LCDD02 112h 192h
SSPBUF | 13h SSPADD | 93h LCDDO3 | 113h 193h
SSPCON | 14h SSPSTAT | 94h LCDDO4 | 114h 194h
CCPRIL 15h 95h LCDDO5 115h 195h
CCPR1H 16h 96h LCDDO06 116h 196h
CCP1CON 17h 97h LCDDO7 117h 197h
18h 98h LCDDos | 118h 198h
19h 99h LCDDO9 | 11%h 199h
1Ah 9Ah LcbD10 | 11Ah 19Ah
1Bh 9Bh LCDD11 11Bh 19Bh
1Ch 9Ch LCDD12 11Ch 19Ch
1Dh 9Dh LCDD13 11Dh 19Dh
ADRES® | 1Eh 9Eh LcbD14 | 11Eh 19Eh
ADCONO®@ | 1Fh ADCON1@ | 9Fh LcbD15 | 11Fh 19Fh
20h ACh 120h 1A0h
General
Purpose
Register
General
Purpose
Register EFh 16F 1EFh
Mapped in FOh Mapped in 170 Mapped in 1FOh
Bank 0 Bank 0 Bank 0
70h-7Fh 70h-7Fh 70h-7Fh
7Fh FFh 17F 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

|:| Unimplemented data memory locations, read as '0'.
Note 1: Not a physical register.
2: These registers are not implemented on the PIC16C923.
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PIC16C9XX

4.2.2  SPECIAL FUNCTION REGISTERS The special function registers can be classified into two

sets (core and peripheral). Those registers associated
The Special Function Registers are registers used by with the “core” functions are described in this section,
the CPU and Peripheral Modules for controlling the and those related to the operation of the peripheral fea-
desired operation of the device. These registers are tures are described in the section of that peripheral fea-
implemented as static RAM. ture.

TABLE 4-1: SPECIAL FUNCTION REGISTER SUMMARY

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

Address |Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on other resets
Reset
Bank 0

00h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 | 0000 0000
01lh TMRO TimerO module’s register XXXX XXXX | uuuu uuuu
02h PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
03h STATUS rRp | RrRP1 | RPO TO 5 | z | oc | ¢ [oo01 1xxx | 000g quuu
04h FSR Indirect data memory address pointer XXXX XXXX | uuuu uuuu
0sh PORTA — | —  |PoRTAData Latch when written: PORTA pins when read @ @
06h PORTB PORTB Data Latch when written: PORTB pins when read XXXX XXXX | uuuu uuuu
07h PORTC — | —  |PoRTC Data Latch when written: PORTC pins when read - xx 00 | --uu uuuu
08h PORTD PORTD Data Latch when written: PORTD pins when read 0000 0000 | 0000 0000
09h PORTE PORTE pins when read 0000 0000 | 0000 0000
O0Ah PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 | ---0 0000
0Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
0Ch PIR1 LCDIF ADIF® — — SSPIF CCP1IF TMR2IF TMR1IF | 00-- 0000 | 00-- 0000
0Dh — Unimplemented — —
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 — | —  [rickes1 | 11ickpso [ T10sCEN | TISYRC | TMRiCS | TMR1ON | --00 0000 | --uu uuuu
11h TMR2 Timer2 module’s register 0000 0000 | 0000 0000
12h T2CON — | Toutpss | Toutes2 | Toutps: | ToutPso | TMR20N | T2cKPs1 | T2cKPSO | -000 0000 | -000 0000
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | uuuu uuuu
14h sspcoN | wcoL | sspov | sspen | ckp | sspms | sspm2 | sspmi | sspmo | 0000 0000 | 0000 0000
15h CCPR1L Capture/Compare/PWM Register (LSB) XXXX XXXX | uuuu uuuu
16h CCPR1H | Capture/Compare/PWM Register (MSB) XXXX XXXX | uuuu uuuu
17h ccricon | — | — | ccpax | cepiv | ccpams | cepimz | cepami | ccpimo | --00 0000 | --00 0000
18h — Unimplemented = —
19h — Unimplemented = —
1Ah — Unimplemented = =
1Bh — Unimplemented = =
1Ch — Unimplemented = —
1Dh — Unimplemented = =
1ER® ADRES A/D Result Register XXXX XXXX | uuuu uuuu
1Fh® ADCONO ADCS1 ADCSO0 CHS2 CHS1 CHSO GO/DONE — ADON 0000 00-0 | 0000 00-0

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

1: Registers ADRES, ADCONO, and ADCONL1 are not implemented in the PIC16C923, read as '0'".

2: These bits are reserved on the PIC16C923, always maintain these bits clear.

3: These pixels do not display, but can be used as general purpose RAM.

4: PIC16C923 reset values for PORTA: - - xx xxxx for a POR, and - - uu uuuu for all other resets,
PIC16C924 reset values for PORTA: - - 0x 0000 for a POR, and - - Ou 0000 for all other resets.

Note
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PIC16C9XX

TABLE 4-1: SPECIAL FUNCTION REGISTER SUMMARY (Cont.d)

Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Poweron | Valueonal
Reset other resets
Bank 1
80h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 | 0000 0000
81h opTioN | RBPU | INTEDG | Tocs | Tose | psa | ps2 | ps1 | pso | 1111 1111 | 1111 1111
82h PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
83h STATUS rp | rrt | R0 | T | PO | z | bc | ¢ o001 1xxx | 000g quuu
84h FSR Indirect data memory address pointer XXXX XXXX | uuuu uuuu
85h TRISA — | — | PORTA Data Direction Register --11 1111 | --11 1111
86h TRISB PORTB Data Direction Register 1111 1111 | 1111 1111
87h TRISC — | — | PORTC Data Direction Register --11 1111 | --11 1111
88h TRISD PORTD Data Direction Register 1111 1111 | 1111 1111
89h TRISE PORTE Data Direction Register 1111 1111 | 1111 1111
8Ah PCLATH — — — Write Buffer for the upper 5 bits of the PC ---0 0000 | ---0 0000
8Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
8Ch PIE1 LCDIE ADIE® — — SSPIE CCP1IE TMR2IE TMRI1IE | 00-- 0000 | 00-- 0000
8Dh — Unimplemented — —
8Eh PCON — — — — — — POR — ---- --0- [ ---- --u-
8Fh — Unimplemented — —
90h — Unimplemented — —
91h — Unimplemented — —
92h PR2 Timer2 Period Register 1111 1111 | 1121 1111
93h SSPADD | Synchronous Serial Port (|2c mode) Address Register 0000 0000 | 0000 0000
94h SSPSTAT SMP CKE | D/A | P S RW UA BF 0000 0000 | 0000 0000
95h — Unimplemented — —
96h — Unimplemented — —
97h — Unimplemented — —
98h — Unimplemented — —
9%h — Unimplemented — —
9Ah — Unimplemented — —
9Bh — Unimplemented — —
9Ch — Unimplemented — —
9Dh — Unimplemented — —
9Eh — Unimplemented — —
orFh® ADCON1 — — — — — PCFG2 PCFG1 PCFGO ---- -000 | ---- -000

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

1: Registers ADRES, ADCONO, and ADCONL1 are not implemented in the PIC16C923, read as '0'".

2: These bits are reserved on the PIC16C923, always maintain these bits clear.

3: These pixels do not display, but can be used as general purpose RAM.

4: PIC16C923 reset values for PORTA: - - xx xxxx for a POR, and - - uu uuuu for all other resets,
PIC16C924 reset values for PORTA: - - Ox 0000 for a POR, and - - Ou 0000 for all other resets.

Note
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TABLE 4-1: SPECIAL FUNCTION REGISTER SUMMARY (Cont.d)
Value on Value on all
Address [Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on other resets
Reset
Bank 2
100h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 | 0000 0000
101h TMRO TimerO module’s register XXXX XXXX | uuuu uuuu
102h PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
103h  [sTATUS rRp | RrRP1 | RPO O m | z | oc c | 0001 1xxx | 000g quuu
104h FSR Indirect data memory address pointer XXXX XXXX | uuuu uuuu
105h — Unimplemented = —
106h PORTB PORTB Data Latch when written: PORTB pins when read XXXX XXXX | uuuu uuuu
107h PORTF PORTF pins when read 0000 0000 | 0000 0000
108h PORTG PORTG pins when read 0000 0000 | 0000 0000
109h — Unimplemented = —
10Ah PCLATH — — — Write Buffer for the upper 5 bits of the PC ---0 0000 | ---0 0000
10Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
10Ch — Unimplemented = —
10Dh LCDSE SE29 SE27 SE20 SE16 SE12 SE9 SE5 SEO 1111 1111 | 1111 1111
10Eh LCDPS — — — — LP3 LP2 LP1 LPO ---- 0000 | ---- 0000
10Fh LCDCON LCDEN SLPEN — VGEN CS1 CSOo LMUX1 LMUXO 00-0 0000 | 00-0 0000
110h LCDDO0 SEGO07 SEGO06 SEGO05 SEG04 SEGO03 SEGO02 SEGO01 SEGO00 oo xxxx | uuuu uuuu
COMO COMO COMO COMO COoMO COMO COMO COMO
111h LCDDO1 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG09 SEG08 O 0 | uuuu uuuy
COMO COMO COMO COMO COMO COMO COMO COMO
112h LCDDO2 SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 YO0 | uuuu uuuy
COMO COMO COMO COMO COMO COMO COoMO0 COMO
SEG31 SEG30 SEG29 SEG28 SEG27 SEG26 SEG25 SEG24
1sh - LCDDO3 COMO | COMO | COMO | COMO | COMO | COMO | COMO | COmo | XXX XXXx | uuuu uuuu
114h LCDDO4 SEGO07 SEG06 SEGO05 SEG04 SEGO03 SEG02 SEGO01 SEG00 O Xxxx | uuuu uuuu
COM1 COM1 COM1 COM1 COM1 COM1 COM1 COM1
115h LCDDO5 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG09 SEG08 ooxx o | uuuu uuuu
CcoM1 CcoM1 COoMm1 Ccom1 COoM1 COoM1 CcOoM1 CcOoM1
SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16
116h |LCDDOG COML | COML | COML | COML | COML | COML | COML | comi | XXX XXxx | uuud uuuu
117h LCDDO7 SEG31 SEG30 SEG29 SEG28 SEG27 SEG26 SEG25 SEG24 X xxxx | uuuu uuuu
comi® | com1i com1 com1 com1 com1 com1 com1
118h LCDDO8 SEGO07 SEG06 SEGO05 SEG04 SEGO03 SEG02 SEGO01 SEG00 O 0k | uuuu uuuy
COM2 COoM2 CcOom2 Ccom2 COom2 COom2 COM2 COM2
119h LCDDO09 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG09 SEGO08 Yoxxx ok | uuuu uuuu
COoM2 COM2 COM2 COM2 COM2 COM2 CoM2 COoM2
11Ah LCDD10 SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 O ok | uuuu uuuy
COM2 COM2 COM2 COM2 COM2 COM2 COM2 COM2
11Bh LCDDI1 SEG31 SEG30 SEG29 SEG28 SEG27 SEG26 SEG25 SEG24 O ok | uuuu uuuy
com2® | com2® | comz CoM2 Ccom2 CoM2 com2 COM2
11Ch LCDD12 SEGO07 SEGO06 SEGO05 SEG04 SEGO03 SEGO02 SEGO01 SEGO00 Sxxx oo | uuuu uuuu
COM3 COM3 COM3 COM3 COM3 COoM3 COM3 COM3
11Dh LCDD13 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG09 SEGO08 X ok | uuuu uuuy
COM3 COM3 COM3 COM3 COM3 COM3 COM3 COM3
11Eh LCDD14 SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 o x| uuuu uuuu
COoM3 COM3 COM3 COM3 COM3 COM3 COM3 COoM3
SEG31 SEG30 SEG29 SEG28 SEG27 SEG26 SEG25 SEG24
1Fh LCDDIS | coM3® | com3z® | com3® | coms | com3 | comM3 | COM3 | comg | V0% XXX | uuuu uuuu
Legend:  x =unknown, u = unchanged, q = value depends on condition, - = unimplemented read as '0',

Note

shaded locations are unimplemented, read as ‘0’

. Registers ADRES, ADCONO, and ADCONL1 are not implemented in the PIC16C923, read as '0".
. These bits are reserved on the PIC16C923, always maintain these bits clear.

. These pixels do not display, but can be used as general purpose RAM.

: PIC16C923 reset values for PORTA: - - xx xxxx for a POR, and - - uu uuuu for all other resets,

PIC16C924 reset values for PORTA: - - 0x 0000 for a POR, and - - Ou 0000 for all other resets.
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TABLE 4-1: SPECIAL FUNCTION REGISTER SUMMARY (Cont.d)

Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Poweron | Valueonal
Reset other resets
Bank 3
180h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 | 0000 0000
18th  |opTion | RBPU | INTEDG | Tocs | Tose | psa | ps2 | ps1 pso | 1111 1111 | 1111 1111
182h PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
1830 |STATUS rp | rrr | R0 | T | PO | z | bc | ¢ o001 1xxx | 000g quuu
184h FSR Indirect data memory address pointer XXXX XXXX | uuuu uuuu
185h — Unimplemented = —
186h TRISB PORTB Data Direction Register 1111 1111 | 1111 1111
187h TRISF PORTF Data Direction Register 1111 1111 | 1111 1111
188h TRISG PORTG Data Direction Register 1111 1111 | 1111 1111
189h — Unimplemented = —
18Ah PCLATH — — — Write Buffer for the upper 5 bits of the PC ---0 0000 | ---0 0000
18Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
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 = —
199h — Unimplemented = —
19Ah — Unimplemented = —
19Bh — Unimplemented = —
19Ch — Unimplemented = —
19Dh — Unimplemented = —
19Eh — Unimplemented = —
19Fh — Unimplemented — —
Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented read as '0',
shaded locations are unimplemented, read as ‘0’.

Note 1: Registers ADRES, ADCONO, and ADCONL1 are not implemented in the PIC16C923, read as '0'".

2: These bits are reserved on the PIC16C923, always maintain these bits clear.

3: These pixels do not display, but can be used as general purpose RAM.

4: PIC16C923 reset values for PORTA: - - xx xxxx for a POR, and - - uu uuuu for all other resets,

PIC16C924 reset values for PORTA: - - 0x 0000 for a POR, and - - Ou 0000 for all other resets.
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4221 STATUS REGISTER

The STATUS register, shown in Figure 4-3, contains
the arithmetic status of the ALU, the RESET status and
the bank select bits for data memory.

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

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

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

Note 1: The C and DC bits operate as a borrow
and digit borrow bit, respectively, in sub-
traction. See the SUBLW and SUBW

instructions for examples.

FIGURE 4-3: STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)
RW-0 _ R/W-0 _ R/W-0 R-1 R-1 R/W-x R/W-X
IRP | RP1 | RPO | TO | PD DC C R = Readable bit
bit7 bito |W= Writable bit

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

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

bit 4:  TO: Time-out bit

0 = AWDT time-out occurred
bit 3: PD: Power-down bit

0 = By execution of the SLEEP instruction
bit 2:  Z: Zero bit

1 = After power-up or by the CLRWDT instruction

U = Unimplemented bit,
read as ‘0’
- n = Value at POR reset

bit 7: IRP: Register Bank Select bit (used for indirect addressing)

bit 6-5: RP1:RPO: Register Bank Select bits (used for direct addressing)

1 = After power-up, CLRADT instruction, or SLEEP instruction

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)

bit O:

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

C: Carry/borrow bit (ADDWF, ADDLW SUBLW SUBWF instructions) (for borrow the polarity is reversed)
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: 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.
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4.2.2.2 OPTION REGISTER
Note:

The OPTION register is a readable and writable regis-
ter which contains various control bits to configure the
TMRO/WDT prescaler, the external RBO/INT pin inter-

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

rupt, TMRO, and the weak pull-ups on PORTB.

FIGURE 4-4: OPTION REGISTER (ADDRESS 81h, 181h)

bit 7: RBPU: PORTB Pull-up Enable bit
1 = PORTB pull-ups are disabled

bit 6: INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin

0 = Interrupt on falling edge of RBO/INT pin
bit 5: TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)

bit 4: TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin

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

bit 2-0: PS2:PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate

000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
| RBPU | INTEDG | TOCS | TOSE | PSA | PS2 | PS1 | PSO | R = Readable bit
bit7 bit0 W =Wr|_tab|e bit _
U = Unimplemented bit,
read as ‘0’
-n =Value at POR reset

0 = PORTB pull-ups are enabled by individual port latch values
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4223 INTCON REGISTER

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

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

FIGURE 4-5: INTCON REGISTER (ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)

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

R/W-0 R/W-x

| ce | pee | toe | wte | mreE | ToF | INTE | RBIF | [R =Readable bt

bit7

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

0 = TMRO register did not overflow
bit 1:  INTF: RBO/INT External Interrupt Flag bit

0 = The RBO/INT external interrupt did not occur
bit 0: RBIF: RB Port Change Interrupt Flag bit

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

W = Writable bit

U = Unimplemented bit,
read as ‘0’

-n =Value at POR reset

bit0

1 = TMRO register has overflowed (must be cleared in software)

1 =The RBO/INT external interrupt occurred (must be cleared in software)

1 = At least one of the RB7:RB4 pins changed state (see Section 5.2 to clear interrupt)
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4224

This register contains the individual enable bits for the
peripheral interrupts.

PIE1 REGISTER

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

FIGURE 4-6: PIE1 REGISTER (ADDRESS 8Ch)

bit 5-4:
bit 3:

bit 2:

bit 1:

bit 0:

Note 1:

R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
| LCDIE | ADIE® | — | — | SSPIE | CCP1IE | TMR2IE | TMR1IE | R = Readable bit
bit7 bitg |W = Writable bit '
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset
bit 7: LCDIE: LCD Interrupt Enable bit
1 = Enables the LCD interrupt
0 = Disables the LCD interrupt
bit 6:  ADIE: A/D Converter Interrupt Enable bit®

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

Unimplemented: Read as '0'

SSPIE: Synchronous Serial Port Interrupt Enable bit
1 = Enables the SSP interrupt
0 = Disables the SSP interrupt

CCP1IE: CCPL1 Interrupt Enable bit
1 = Enables the CCP1 interrupt
0 = Disables the CCPL1 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 ADIE is reserved on the PIC16C923, always maintain this bit clear.
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4225 PIR1 REGISTER - -

Note: Interrupt flag bits get set when an interrupt
This register contains the individual flag bits for the condition occurs regardless of the state of
peripheral interrupts. its corresponding enable bit or the global

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

FIGURE 4-7: PIR1 REGISTER (ADDRESS 0Ch)

R/W-0

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

| LcoiF

laoe® | — | — | sspiF | ccpur | tmr2iE | TMRLE | [R = Readable bit

bit7

bit 7:

bit 6:

bit 5-4:
bit 3:

bit 2:

bit 1:

bit 0:

Note 1:

bit0 W = Writable bit

U = Unimplemented bit,
read as ‘0’

-n = Value at POR reset

LCDIF: LCD Interrupt Flag bit
1 = LCD interrupt occurred (must be cleared in software)
0 = LCD interrupt did not occur

ADIF: A/D Converter Interrupt Flag bit®)
1 = An A/D conversion completed (must be cleared in software)
0 = The A/D conversion is not complete

Unimplemented: Read as '0’

SSPIF: Synchronous Serial Port Interrupt Flag bit
1 = The transmission/reception is complete (must be cleared in software)
0 = Waiting to transmit/receive

CCP1IF: CCP1 Interrupt Flag bit

Capture Mode

1 = ATMRL1 register capture occurred (must be cleared in software)

0 = No TMRL1 register capture occurred

Compare Mode

1 = ATMR1 register compare match occurred (must be cleared in software)
0 = No 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 = TMRL1 register did not overflow

Bit ADIF is reserved on the PIC16C923, always maintain this bit clear.
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4.2.2.6 PCON REGISTER For various reset conditions see Table 14-4 and
) ] ) Table 14-5.
The Power Control (PCON) register contains a flag bit
to allow differentiation between a Power-on Reset
(POR) to an external MCLR Reset or WDT Reset.
FIGURE 4-8: PCON REGISTER (ADDRESS 8Eh)
U-0 U-0 U-0 U-0 U-0 U-0 R/W-0 U-0
| — | — | — | = | = | = | = | — = Readable bit

bit7

bit 7-2: Unimplemented: Read as '0'

bit 1: POR: Power-on Reset Status bit
1 = No Power-on Reset occurred

bit 0: Unimplemented: Read as '0'

bit0

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

R
W = Writable bit
= Unimplemented bit,
read as ‘0’
-n =Value at POR reset
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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 4-9 shows the
two situations for the loading of the PC. The upper
example in the figure shows how the PC is loaded on a
write to PCL (PCLATH<4:0> - PCH). The lower exam-
ple in the figure shows how the PC is loaded during a
CALL or GOTQinstruction (PCLATH<4:3> - PCH).

FIGURE 4-9: LOADING OF PC IN
DIFFERENT SITUATIONS

PCH PCL
12 8 7 0 Instruction with
pc | | PCLas
Destination
[ roumee [0
5 ALU result
CELET T[]
PCLATH
PCH PCL
12 11 10 8 7 0
pC | | i | oo caL
PCLATH<4:3> 11
2 Opcode <10:0>
LT [ T
PCLATH

43.1 COMPUTED GOTO

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

43.2 STACK

The PIC16CXX family has an 8 level deep x 13-bit wide
hardware stack. 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, RETLWor a RETFI E 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.

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

4.4 Program Memory Paging

The PIC16C9XX has 4K of program memory, but the
CALL and QOrOinstructions only have a 11-bit address
range. This 11-bit address range allows a branch within
a 2K program memory page size. To allow CALL and
QOTO instructions to address the entire 4K program
memory address range, there must be another bit to
specify the program memory page. This paging bit
comes from the PCLATH<3> bit (Figure 4-9). When
doing a CALL or QOrOinstruction, the user must ensure
that this page bit (PCLATH<3>) is programmed so that
the desired program memory page is addressed. If a
return from a CALL instruction (or interrupt) is executed,
the entire 13-bit PC is PUSHed onto the stack. There-
fore, manipulation of the PCLATH<3> is not required
for the return instructions (which POPs the address
from the stack).

Note 1: The PIC16C9XX ignores paging bit
(PCLATH<4>), which is used to access
program memory pages 2 and 3 (1000h -
1FFFh). The use of PCLATH<4> as a
general purpose read/write bit is not rec-
ommended since this may affect upward

compatibility with future products.
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Example 4-1 shows the calling of a subroutine in
page 1 of the program memory. This example assumes
that PCLATH is saved and restored by the interrupt ser-
vice routine (if interrupts are used).

4.5 Indirect Addressing, INDF and FSR
Reqisters

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

EXAMPLE 4-1: CALL OF A SUBROUTINE IN Indirect addressing is possible by using the INDF reg-
PAGE 1 FROM PAGE 0 ister. Any instruction using the INDF register actually
CRG 0x500 accesses the register pointed to by the File Select Reg-
BSF PCLATH 3 : Sel ect page 1 (800h- FFFh) ister (FSR). Reading the INDF register itself indirectly
CALL SWBL P1 ;Call subroutine in (FSR ="0") will produce 00h. Writing to the INDF regis-
: ; page 1 (800h- FFFh) ter 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
ORG 0x900 the IRP bit (STATUS<7>), as shown in Figure 4-10.
SUBL_P1: ;cal l ed subroutine . )
. :page 1 (800h- FFFh) A simple program to clear RAM locations 20h-2Fh
: using indirect addressing is shown in Example 4-2.
RETURN ;return to Call subroutine
;in page O (000h-7FFh) EXAMPLE 4-2: INDIRECT ADDRESSING
moviw 0x20 ;initialize pointer
movwf  FSR ;to RAM
NEXT clrf INDF ;clear |NDF register
i ncf FSR F ;inc pointer
btfss FSR 4 ;all done?
goto NEXT ;no clear next
CONTI NUE
: ;yes continue
FIGURE 4-10: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1:RPO 6 from opcode 0 IRP 7 FSR register 0
N J N v A v J
bank select location select bank select location select
\ > 00 01 10 11 -/
00h 00h
Data
Memory
7Fh 7Eh
Bank 0 Bank1 Bank2 Bank3

For memory map detail see Figure 4-2.
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5.0 PORTS

Some pins for these ports are multiplexed with an alter-
nate function for the peripheral features on the device.
In general, when a peripheral is enabled, that pin may
not be used in its normal pin function.

5.1 PORTA and TRISA Reqister

The RA4/TOCKI pin is a Schmitt Trigger input and an
open drain output. All other RA port pins have TTL input
levels and full CMOS output drivers. All RA pins have
data direction bits (TRISA register) which can configure
these pins as output or input.

Setting a bit in the TRISA register puts the correspond-
ing output driver in a hi-impedance mode. Clearing a bit
in the TRISA register puts the contents of the output
latch on the selected pin.

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

For the PIC16C924 only, other PORTA pins are multi-
plexed with analog inputs and the analog VREF input.
The operation of each pin is selected by clearing/set-
ting the control bits in the ADCON1 register (A/D Con-
trol Registerl).

Note:  On a Power-on Reset, these pins are con-

figured as analog inputs and read as '0'.

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

EXAMPLE 5-1: INITIALIZING PORTA
CLRF PCRTA ; Initialize PCRTA
BCF STATUS, RP1 ; Select Bank 1
BSF STATUS, RPO ;
MOVLW OxCF ; Val ue used to

; initialize data

; direction
MOWF TR SA Set RA<3:0> as inputs

; RA<5:4> as outputs
; RA<7:6> are al ways

read as '0'.
Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/TOCKI pin.
FIGURE 5-1: BLOCK DIAGRAM OF PINS RA3:RA0 AND RA5
Data bus
D Q
VDD
WR PORT —
"ORT__ CKNQ \ I )
Data Latch
1/0 pin®
D Q \ I TN
L/ !
WR T&—' CE\_@ Vves
TRIS Latch Analog"
input
mode
TTL
input
RD TRIS buffer
/I Q D
EN
RD PORT {><>
To A/D Converter®

-l

2: 1/0O pin has protection diodes to VDD and Vss.

Note 1: These functions are enabled on the PIC16C924 only.
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FIGURE 5-2: BLOCK DIAGRAM OF RA4/TOCKI PIN

Data Bus

D Q

WR PORT = %
CK\_Q } ﬁl' RA4/TOCKI pin

Data Latch

Vss

D Q

WR TRIS e}

CK¥{_Q
:\ ST buffer
TRIS Latch

N

RD TRIS

\

EN
RD PORT {>o
_TMRO clock input
Note: I/O pin has protection diodes to Vss only.
TABLE 5-1: PORTA FUNCTIONS
Name Bit# Buffer |Function
RAO/ANOW bit0 TTL Input/output or analog input
RA1/AN1() bit1 TTL Input/output or analog input
RA2/AN2() bit2 TTL Input/output or analog input
RA3/AN3/VRer® | bit3 TTL Input/output or analog input/VREF
RA4/TOCKI bit4 ST Input/output or external clock input for Timer0
Output is open drain type

RAS5/AN4/SS @ | bit5 TTL Input/output or slave select input for synchronous serial port, or analog input

Legend: TTL = TTL input, ST = Schmitt Trigger input
Note 1: The AN and VREF functions are for the A/D module and are only implemented on the PIC16C924.

TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value on Value on
Address | Name Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on all other
Reset resets
05h PORTA — — RA5 RA4 RA3 RA2 RA1 RAO ) 2)
85h TRISA — — TRISAS | TRISA4 | TRISA3 | TRISA2 | TRISAL | TRISAO | --11 1111 --11 1111
oFh® ADCON1 | — | — — — — PCFG2 | PCFG1 | PCFGO | ---- -000 | ---- -000

Legend: x =unknown, u = unchanged, - = unimplemented locations read as '0". Shaded cells are not used by PORTA.
Note 1: The ADCONLI register is implemented on the PIC16C924 only.
2: PIC16C923 reset values for PORTA: - - xx xxxx for a POR, and - - uu uuuu for all other resets,
PIC16C924 reset values for PORTA: - - 0x 0000 for a POR, and - - Ou 0000 for all other resets.
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5.2 PORTB and TRISB Regqister

PORTB is an 8-bit wide bi-directional port. The corre-
sponding data direction register is TRISB. Setting a bit
in the TRISB register puts the corresponding output
driver in a hi-impedance input mode. Clearing a bit in
the TRISB register puts the contents of the output latch
on the selected pin(s).

EXAMPLE 5-2: INITIALIZING PORTB

CLRF PCRTB ; Initialize PORTB
BCF STATUS, RP1 ; Select Bank 1
BSF STATUS, RPO ;

MOVLW OxCF ; Value used to
; initialize data
; direction
MOWF TR SB ; Set RB<3:0> as inputs

; RB<5:4> as outputs

; RB<7:6> as inputs
Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is
performed by clearing bit RBPU (OPTION<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are also
disabled on a Power-on Reset.

FIGURE 5-3: BLOCK DIAGRAM OF

RB3:RBO PINS
VDD
2
RBPUR gweak
pull-up
Data bus Data Latch
> 0 —
WR Port 1o
CK 'S pin®
TRIS Latch
D
Q TTL 7
Input
WRTRIS CK T\ Buffer
RD TRIS
ﬁ Q D
RD Port EN K
RBO/INT <
gﬁtf}g}'“ rgger | RD Port
Note 1: I/O pins have diode protection to VDD and Vss.
2: TRISB ="1' enables weak pull-up if RBPU ="'0'
(OPTION<7>).

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

This interrupt can wake the device from SLEEP. The
user, in the interrupt service routine, can clear the inter-
rupt 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 soft-
ware configurable pull-ups on these four pins allow
easy interface to a keypad and make it possible for
wake-up on key-depression. Refer to the Embedded
Control Handbook, "Implementing Wake-Up on Key
Stroke" (AN552).

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 5-4: BLOCK DIAGRAM OF

RB7:RB4 PINS
VDD
RBPU® weak
_:i:>0_| P pull-up
Data bus Data Latch
D 0 ™~ {XI
/0
WR Port CK_\_ pln(l)
TRIS Latch
D Q
WR TRIS TTL
e /Y
Buffer | sT
4 > Buffer
RD TRIS Latch
ﬁ Q D
RD Port EN Q1
Set RBIF
From other g Q D
RB7:RB4 pins RD Port
EN
Q3
RB7:RB6 in serial programming mode
Note 1: I/O pins have diode protection to VDD and Vss.
2: TRISB = '1' enables weak pull-up if RBPU ='0'
(OPTION<7>).
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TABLE 5-3: PORTB FUNCTIONS

Name Bit# Buffer Function

RBO/INT bit0 TTL/ST Input/output pin or external interrupt input. Internal software
programmable weak pull-up. This buffer is a Schmitt Trigger input when
configured as the external interrupt.

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

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

RB3 bit3 TTL Input/output pin. Internal software programmable weak pull-up.

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

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

RB6 bit6 TTL/ST Input/output pin (with interrupt on change). Internal software programmable

weak pull-up. Serial programming clock. This buffer is a Schmitt Trigger
input when used in serial programming mode.

RB7 bit7 TTL/ST Input/output pin (with interrupt on change). Internal software programmable
weak pull-up. Serial programming data. This buffer is a Schmitt Trigger
input when used in serial programming mode.

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

TABLE 5-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Value on Value on all
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on
Reset other resets

06h, 106h | PORTB RB7 RB6 RB5 RB4 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: x =unknown, u = unchanged. Shaded cells are not used by PORTB.
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53 PORTC and TRISC Regqister

PORTC is an 6-bit bi-directional port. Each pin is indi-
vidually configurable as an input or output through the
TRISC register. PORTC is multiplexed with several
peripheral functions (Table 5-5). PORTC pins have
Schmitt Trigger input buffers.

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an out-
put, while other peripherals override the TRIS bit to
make a pin an input. Since the TRIS bit override is in
effect while the peripheral is enabled, read-mod-
ify-write instructions (BSF, BCF, XCRWF) with TRISC
as destination should be avoided. The user should
refer to the corresponding peripheral section for the
correct TRIS bit settings.

EXAMPLE 5-3:

CLRF  PCRTC
STATUS, RP1
STATUS, RPO

BCF
BSF

MOVLW  OxCF

MOWF TR SC

INITIALIZING PORTC

Initialize PORTC

; Select Bank 1

; Value used to

initialize data

; direction
; Set RC<3:0> as inputs

RC<5: 4> as out puts
RC<7: 6> al ways read 0

FIGURE 5-5: PORTC BLOCK DIAGRAM (PERIPHERAL OUTPUT OVERRIDE)

PORT/PERIPHERAL Select®

Peripheral Data-out

Data Bus

D Q

WR PORT CIZ\_Q

Data Latch

D Q

WR TRIS CE\_Q

TRIS Latch

D

A

) O—

RD TRO|S<}

Peripheral OE®

O

e
RD PORTI™

Peripheral input

DD

110 pin(3)

j :

7

Schmitt
Trigger

3: 1/0O pins have diode protection to VDD and Vss.

Note 1: Port/Peripheral select signal selects between port data and peripheral output.
2: Peripheral OE (output enable) is only activated if peripheral select is active.

RD PORT
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TABLE 5-5: PORTC FUNCTIONS

Name Bit# |Buffer Type |Function

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

RC1/T10SI bitl ST Input/output port pin or Timerl oscillator input

RC2/CCP1 bit2 ST Input/output port pin or Capture input/Compare output/PWM output

RC3/SCK/SCL bit3 ST Input/output port pin or the synchronous serial clock for both SPI and
12C modes.

RC4/SDI/SDA bit4 ST Input/output port pin or the SPI Data In (SPI mode) or data I1/O (I2C
mode).

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

Legend: ST = Schmitt Trigger input

TABLE 5-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC
Value on Value on all
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on

other resets

Reset
07h PORTC — — RC5 RC4 RC3 RC2 RC1 RCO --XX XXXX | --uu uuuu
87h TRISC — — TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | --11 1111 | --11 1111

Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by PORTC.
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54 PORTD and TRISD Registers EXAMPLE 5-4: INITIALIZING PORTD

PORTD is an 8-bit port with Schmitt Trigger input buff-
ers. The first five pins are configurable as general pur-

BCF  STATUS,RP0  ; Sel ect Bank 2
BSF  STATUS, RP1

pose I/0 pins or LCD segment drivers. Pins RD5, RD6 BCE  LODSE SE29 - Make RD<7:5> di gital
and RD7 can be digital inputs or LCD segment or com- BOF  LCDSE, SEO . Make RD<4: 0> digital
mon drivers. BSF  STATUS, R0 ; Sel ect Bank 1
TRISD controls the direction of pins RDO through RD4 B WSIQ‘;US* RPL Make RD<4: 0> out put s
when PORTD is configured as a digital port. NOWE TR SD  Make RD<7: 5> i nputs
Note: On a Power-on Reset these pins are con-
figured as LCD segment drivers.
Note: To configure the pins as a digital port, the
corresponding bits in the LCDSE register
must be cleared. Any bit set in the LCDSE
register overrides any bit settings in the
corresponding TRIS register.
FIGURE 5-6: PORTD<4:0>BLOCK DIAGRAM
LCD Segment Data ™~
LCD Segment Output Enable \/‘/
Data Bus b 0 % ;Z’
I/0 pin
WR PORT CK
Data Latch
D Q ﬁ > I
WR TRIS cK
TRIS Latch \ %Cigg‘e“rt
e input
\I\I buffer
LCDSE<n> RD TRIS
/I Q D

EN

RD PORT {>o
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FIGURE 5-7: PORTD<7:5> BLOCK DIAGRAM

LCD Segment Data ™~
LCD Segment Output Enable \/‘/
LCD Common Data ™~ {ZI
[
Digital Input/
LCD Common Output Enable LCD Output pin
LCDSE<n> ) X
\ Schmitt
Trigger
input
buffer
Data Bus <] Q D
EN
RD PORT I {>c
VDD
RD TRIS
TABLE 5-7: PORTD FUNCTIONS
Name Bit# Buffer Function
Type
RDO/SEG00 bit0 ST Input/output port pin or Segment Driver00
RD1/SEGO01 bitl ST Input/output port pin or Segment DriverO1
RD2/SEG02 bit2 ST Input/output port pin or Segment Driver02
RD3/SEG03 bit3 ST Input/output port pin or Segment Driver03
RD4/SEG04 bit4 ST Input/output port pin or Segment Driver04
RD5/SEG29/COM3 bit5 ST Digital input pin or Segment Driver29 or Common Driver3
RD6/SEG30/COM2 bit6 ST Digital input pin or Segment Driver30 or Common Driver2
RD7/SEG31/COM1 bit7 ST Digital input pin or Segment Driver31 or Common Driverl
Legend: ST = Schmitt Trigger input
TABLE 5-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD
Value on Value on all
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on
other resets
Reset
08h PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO 0000 0000 | 0000 0000
88h TRISD TRISD7 | TRISD6 | TRISD5 | TRISD4 | TRISD3 | TRISD2 | TRISD1 | TRISDO | 1111 1111 | 1111 1111

10Dh LCDSE SE29 SE27 SE20 SE16 SE12 SE9 SE5 SEO 1111 1111 | 1111 1111
Legend: Shaded cells are not used by PORTD.
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5.5 PORTE and TRISE Regqister

PORTE is an digital input only port. Each pin is multi-
plexed with an LCD segment driver. These pins have EXAMPLE 5-5: INITIALIZING PORTE

Schmitt Trigger input buffers.

BCF STATUS, RPO
BSF STATUS, RP1

Note 1: On a Power-on Reset these pins are con- BOF LCDSE, SE27

figured as LCD segment drivers.

Note 2: To configure the pins as a digital port, the
corresponding bits in the LCDSE register
must be cleared. Any bit set in the LCDSE
register overrides any bit settings in the

corresponding TRIS register.

BCF LCDSE, SE5
BCF LCDSE, SE9

FIGURE 5-8:

PORTE BLOCK DIAGRAM

; Sel ect Bank 2

; Make al |l PORTE
; and PORTG7>
;digital inputs

LCD Segment Data

™S

LCD Segment Output Enable

\/‘/

Y

Digital Input/
LCD Output pin

LCDSE<n> {>¢
\ Schmitt
Trigger
input
buffer
Data Bus < Q D
EN
RD PORT {>C
VDD
RD TRIS
TABLE 5-9: PORTE FUNCTIONS
Name Bit# Buffer Type Function
REO/SEGO05 bit0 ST Digital input or Segment Driver05
RE1/SEGO06 bitl ST Digital input or Segment Driver06
RE2/SEGO07 bit2 ST Digital input or Segment Driver07
RE3/SEG08 bit3 ST Digital input or Segment Driver08
RE4/SEG09 bit4 ST Digital input or Segment Driver09
RE5/SEG10 bit5 ST Digital input or Segment Driver10
RE6/SEG11 bit6 ST Digital input or Segment Driverl1l
RE7/SEG27 bit7 ST Digital input or Segment Driver27 (not available on 64-pin devices)

Legend: ST = Schmitt Trigger input
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TABLE 5-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

Value on Value on all
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on
other resets
Reset
09h PORTE RE7 RE6 RES5 RE4 RE3 RE2 RE1 REO 0000 0000 0000 0000
89h TRISE TRISE7 | TRISE6 | TRISES | TRISE4 | TRISE3 | TRISE2 | TRISE1 | TRISEO | 1111 1111 1111 1111
10Dh LCDSE SE29 SE27 SE20 SE16 SE12 SE9 SE5 SEO 1111 1111 1111 1111

Legend: Shaded cells are not used by PORTE.
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5.6 PORTFE and TRISE Register

PORTF is an digital input only port. Each pin is multi-
plexed with an LCD segment driver. These pins have EXAMPLE 5-6: INITIALIZING PORTF
Schmitt Trigger input buffers.

- BCF STATUS, RPO ; Sel ect Bank 2
Note 1: On a Power-on Reset these pins are con- BSF STATUS, RP1 .

figured as LCD segment drivers. BCF LCDSE, SE16 Make al | PORTF

Note 2: To configure the pins as a digital port, the BOF LCDSE, SE12 [ digital inputs
corresponding bits in the LCDSE register
must be cleared. Any bit set in the LCDSE
register overrides any bit settings in the
corresponding TRIS register.

FIGURE 5-9: PORTF BLOCK DIAGRAM
LCD Segment Data ™~ {ZI

LCD Segment Output Enable \/‘/ Digital Input/

LCD Output pin
LCDSE<n> >

\ Schmitt
Trigger
input
buffer
Data Bus d Q D
EN
RD PORT : {>C
VDD
RD TRIS
TABLE 5-11: PORTF FUNCTIONS
Name Bit# Buffer Type Function
RFO/SEG12 bit0 ST Digital input or Segment Driver12
RF1/SEG13 bitl ST Digital input or Segment Driver13
RF2/SEG14 bit2 ST Digital input or Segment Driverl4
RF3/SEG15 bit3 ST Digital input or Segment Driverl5
RF4/SEG16 bit4 ST Digital input or Segment Driver16
RF5/SEG17 bit5 ST Digital input or Segment Driverl7
RF6/SEG18 bit6 ST Digital input or Segment Driver18
RF7/SEG19 bit7 ST Digital input or Segment Driver19

Legend: ST = Schmitt Trigger input

0 1996 Microchip Technology Inc. Prelimin ary DS30444D-page 41



PIC16C9XX

TABLE 5-12: SUMMARY OF REGISTERS ASSOCIATED WITH PORTF
Value on Value on all
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on
other resets
Reset
107h PORTF RF7 RF6 RF5 RF4 RF3 RF2 RF1 RFO 0000 0000 | 0000 0000
187h TRISF TRISF7 | TRISF6 | TRISF5 | TRISF4 | TRISF3 | TRISF2 | TRISF1 | TRISFO | 1111 1111 | 1111 1111
10Dh LCDSE SE29 SE27 SE20 SE16 SE12 SE9 SE5 SEO 1111 1111 | 1111 1111
Legend: Shaded cells are not used by PORTF.
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5.7 PORTG and TRISG Reqister

PORTG is an digital input only port. Each pin is multi-
plexed with an LCD segment driver. These pins have

Schmitt Trigger input buffers.

Note 1: On a Power-on Reset these pins are con-
figured as LCD segment drivers.

Note 2: To configure the pins as a digital port, the
corresponding bits in the LCDSE register
must be cleared. Any bit set in the LCDSE
register overrides any bit settings in the
corresponding TRIS register.

FIGURE 5-10: PORTG BLOCK DIAGRAM

EXAMPLE 5-7:  INITIALIZING

BCF STATUS, RPO ; Sel ect Bank
BSF STATUS, RP1 ;

PORTG

2

BCF LCDSE, SE27 ; Make all PORTG
BCF LCDSE, SE20 ; and PCRTE<7>
;digital inputs

LCD Segment Data ™~

LCD Segment Output Enable \/‘/

LCDSE<n> {>¢

\ Schmitt
Trigger
input
buffer
Data Bus < Q D
EN
RD PORT
VDD
RD TRIS

Y

Digital Input/
LCD Output pin

TABLE 5-13: PORTG FUNCTIONS

Name Bit# Buffer Type Function

RGO/SEG20 bit0 ST Digital input or Segment Driver20

RG1/SEG21 bitl ST Digital input or Segment Driver21

RG2/SEG22 bit2 ST Digital input or Segment Driver22

RG3/SEG23 bit3 ST Digital input or Segment Driver23

RG4/SEG24 bit4 ST Digital input or Segment Driver24

RG5/SEG25 bit5 ST Digital input or Segment Driver25

RG6/SEG26 bit6 ST Digital input or Segment Driver26

RG7/SEG28 bit7 ST Digital input or Segment Driver28 (not available on 64-pin devices)

Legend: ST = Schmitt Trigger input
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TABLE 5-14: SUMMARY OF REGISTERS ASSOCIATED WITH PORTG
Value on Value on all
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on
other resets
Reset
108h PORTG RG7 RG6 RG5 RG4 RG3 RG2 RG1 RGO | 0000 0000 | 0000 0000
188h TRISG TRISG7 | TRISG6 | TRISG5 | TRISG4 | TRISG3 | TRISG2 | TRISG1 | TRISGO | 1111 1111 | 1111 1111
10Dh LCDSE SE29 SE27 SE20 SE16 SE12 SE9 SE5 SEO 1111 1111 | 1111 1111
Legend: Shaded cells are not used by PORTG.
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5.8 /0 Programming Considerations

5.8.1 BI-DIRECTIONAL I/O PORTS

Any instruction which 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 bit5
of PORTB will cause all eight bits of PORTB to be read
into the CPU. Then the BSF operation takes place on
bit5 and PORTB is written to the output latches. If
another bit of PORTB is used as a bi-directional I/0 pin
(e.g., bit0) and it 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 bit0 is switched into output mode later on, the con-
tents of the data latch may now be unknown.

Reading the 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. BOF, BSF) 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 5-8 shows the effect of two sequential
read-modify-write instructions on an I/O port.

FIGURE 5-11: SUCCESSIVE I/O OPERATION

EXAMPLE 5-8: READ-MODIFY-WRITE

INSTRUCTIONS ON AN 1/O
PORT
;lnitial PORT settings: PORTB<7:4> |nputs
; PORTB<3: 0> Qut puts
; PORTB<7: 6> have external pull-ups and are
;not connected to other circuitry

; PCRT | atch PORT pins

BCF PCRTB, 7 ; Olpp pppp  1ipp pppp
BCF PORTB, 6  ; 10pp pppp  11pp pppp
BOF STATUS, RPL :
BSF STATUS, RPO ;
BCF TRISB, 7 ; 10pp pppp  1lpp pppp
BCF TRISB, 6 ; 10pp pppp  10pp pppp

; Note that the user may have expected the

;pin values to be 00pp ppp. The 2nd BCF

;caused RB7 to be latched as the pin val ue

; (high).

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.

5.8.2 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 5-11). Therefore, care must be exercised if a
write followed by a read operation is carried out on the
same /O port. The sequence of instructions should be
such to allow the pin voltage to stabilize (load depen-
dent) before the next instruction which causes that file
to be read into the CPU is executed. Otherwise, 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 NCP or another
instruction not accessing this 1/O port.

1 Q1] Q2] Q3| Q4; Q1] Q2| Q3] Q4: Q1! Q2| Q3| Q4 Q1| Q2| Q3| Q4;

Note:

write to '
PORTB

PC >( PC X PC+1 X . PC+2 X PC +3 ) This example shows a write to PORTB
Insft(rgltj((;:rtllgg : MOVWFE PORTB :MOVF PORTB,W : : : : followed by a read from PORTB.
' write to ' '+ NOP ' NOP ' .
: PORTB : : . : : Note that:
RB7:RBO Y& : data setup time = (0.25Tcy - TPD)
X T ) : where Tcv = instruction cycle
\ Port pin , .
) sampled here. TpPD = propagation delay
Instruction = TPD= : Therefore, at higher clock frequencies,
executed ! ! NOP

MOVWF PORTB ! MOVF PORTB,W,

a write followed by a read may be
problematic.
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NOTES:

DS30444D-page 46 Prelimi nary 0 1996 Microchip Technology Inc.



PIC16C9XX

6.0 OVERVIEW OF TIMER
MODULES

Each module can generate an interrupt to indicate that
an event has occurred (e.g. timer overflow). Each of
these modules is explained in full detail in the following
sections. The timer modules are:

« Timer0 Module (Section 7.0)

e Timerl Module (Section 8.0)

« Timer2 Module (Section 9.0)

6.1 TimerQ Overview

The Timer0 module is a simple 8-bit timer/counter. The
clock source can be either the internal system clock
(Fosc/4) or an external clock. When the clock source is
an external clock, the TimerO module can be selected
to increment on either the rising or falling edge.

The TimerO0 module also has a programmable pres-
caler option. This prescaler can be assigned to either
the Timer0 module or the Watchdog Timer. Bit PSA
(OPTION<3>) assigns the prescaler, and bits PS2:PS0
(OPTION<2:0>) determine the prescaler value. Timer0
can increment at the following rates: 1:1 when pres-
caler assigned to Watchdog timer, 1:2, 1:4, 1:8, 1:16,
1:32, 1:64, 1:128, and 1:256.

Synchronization of the external clock occurs after the
prescaler. When the prescaler is used, the external
clock frequency may be higher then the device's fre-
guency. The maximum frequency is 50 MHz, given the
high and low time requirements of the clock.

6.2 Timerl Overview

Timerl is a 16-bit timer/counter. The clock source can
be either the internal system clock (Fosc/4), an external
clock, or an external crystal. Timerl can operate as
either a timer or a counter. When operating as a
counter (external clock source), the counter can either
operate synchronized to the device or asynchronously
to the device. Asynchronous operation allows Timerl
to operate during sleep, which is useful for applications
that require a real-time clock as well as the power sav-
ings of SLEEP mode.

Timerl also has a prescaler option which allows Timerl
to increment at the following rates: 1:1, 1:2, 1:4, and
1:8. Timerl can be used in conjunction with the Cap-
ture/Compare/PWM module. When used with a CCP
module, Timerl is the time-base for 16-bit capture or
the 16-bit compare and must be synchronized to the
device. Timerl oscillator is also one of the clock
sources for the LCD module.

6.3 Timer2 Overview

Timer2 is an 8-bit timer with a programmable prescaler
and postscaler, as well as an 8-bit period register
(PR2). Timer2 can be used with the CCP1 module (in
PWM mode) as well as the clock source for the Syn-

chronous Serial Port (SSP). The prescaler option
allows Timer2 to increment at the following rates: 1:1,
1:4, 1:16.

The postscaler allows the TMR2 register to match the
period register (PR2) a programmable number of times
before generating an interrupt. The postscaler can be
programmed from 1:1 to 1:16 (inclusive).

6.4 CCP Overview

The CCP module can operate in one of these three
modes: 16-bit capture, 16-bit compare, or up to 10-bit
Pulse Width Modulation (PWM).

Capture mode captures the 16-bit value of TMR1 into
the CCPR1H:CCPRLL register pair. The capture event
can be programmed for either the falling edge, rising
edge, fourth rising edge, or the sixteenth rising edge of
the CCP1 pin.

Compare mode compares the TMR1H: TMRLL register
pair to the CCPR1H:CCPRLL register pair. When a
match occurs an interrupt can be generated, and the
output pin CCP1 can be forced to given state (High or
Low), TMR1 can be reset and start A/D conversion.
This depends on the control bits CCP1M3:CCP1MO.

PWM mode compares the TMR2 register to a 10-bit
duty cycle register (CCPR1H:CCPR1L<5:4>) as well
as to an 8-bit period register (PR2). When the TMR2
register = Duty Cycle register, the CCP1 pin will be
forced low. When TMR2 = PR2, TMR2 is cleared to
00h, an interrupt can be generated, and the CCP1 pin
(if an output) will be forced high.
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7.0 TIMERO MODULE

The TimerO module has the following features:

8-bit timer/counter

Readable and writable

8-bit software programmable prescaler
Internal or external clock select
Interrupt on overflow from FFh to 00h
Edge select for external clock

Figure 7-1 is a simplified block diagram of the TimerO
module.

Timer mode is selected by clearing bit TOCS
(OPTION<5>). In timer mode, the Timer0 module will
increment every instruction cycle (without prescaler). If
the TMRO register is written, the increment is inhibited
for the following two instruction cycles (Figure 7-2 and
Figure 7-3). The user can work around this by writing
an adjusted value to the TMRO register.

Counter mode is selected by setting bit TOCS
(OPTION<5>). In counter mode Timer0 will increment
either on every rising or falling edge of pin RA4/TOCKI.
The incrementing edge is determined by the TimerO
Source Edge Select bit TOSE (OPTION<4>). Clearing

bit TOSE selects the rising edge. Restrictions on the
external clock input are discussed in detail in
Section 7.2.

The prescaler is mutually exclusively shared between
the Timer0 module and the Watchdog Timer. The pres-
caler assignment is controlled in software by control bit
PSA (OPTION<3>). Clearing bit PSA will assign the
prescaler to the Timer0O module. The prescaler is not
readable or writable. When the prescaler is assigned to
the TimerO0 module, prescale values of 1:2, 1:4, ..,
1:256 are selectable. Section 7.3 details the operation
of the prescaler.

7.1 Timer0 Interrupt

The TMRO interrupt is generated when the TMRO reg-
ister overflows from FFh to 00h. This overflow sets bit
TOIF (INTCON<2>). The interrupt can be masked by
clearing bit TOIE (INTCON<5>). Bit TOIF must be
cleared in software by the TimerO module interrupt ser-
vice routine before re-enabling this interrupt. The
TMRO interrupt cannot awaken the processor from
SLEEP since the timer is shut off during SLEEP.
Figure 7-4 displays the Timer0 interrupt timing.

FIGURE 7-1: TIMERO BLOCK DIAGRAM
Data bus
Fosc/4 0 PSout 8
1 4 1
Sync with
D— 1 Internal TMRO
lock
RA4/TOCKI Programmable | | o oS oot
pin Prescaler
TOSE (2 cycle delay)
bs
Set interrupt
PS2, PS1, PSO PSA flag bit TOIF
TOCS on overflow

Note 1: TOCS, TOSE, PSA, PS2:PS0 (OPTION<5:0>).
2: The prescaler is shared with Watchdog Timer (refer to Figure 7-6 for detailed block diagram).

FIGURE 7-2: TIMERO TIMING: INTERNAL CLOCK/NO PRESCALE

P 1Q1]Q2]Q3]|Q4; Q1] Q2| Q3] Q4;01| Q2] Q3| Q4 ;Q1]| Q2] Q3] Q4; Q1| Q2| Q3] Q4 ;01| Q2| Q3| @4, Q1] Q2| Q3] Q4 | Q1] Q2| Q3] Q4 |

rogram . . . . . . . .
Counter) [ TS N | PC X pcrl X PCi2 ¥ Pci3 Y PCid ) PC+5 X PCi6 )
'Qgttgﬁc“on ! ' MOVWF TMRO ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W 'MOVF TMRO,W ' MOVF TMRO,W ' !
TMRO T0 X To+L X T0+2 X . NT0 Y _._NTO X N0 Y NTorL__ X NTO*2__ X
nstucton | : A A A B 4 :
Executed ' " Wiite TMRO ' Read TMRO ' Read TMRO ' Read TMRO ' Read TMRO ' Read TMRO '

executed reads NTO reads NTO reads NTO reads NTO + 1 reads NTO + 2
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FIGURE 7-3: TIMERO TIMING: INTERNAL CLOCK/PRESCALE 1:2

i3 1Q1] Q2] Q3| @4, Q1] Q2| Q3] Q4,Q1|Q2|Q3| Q4 ,Q1|Q2|Q3| @4, Q1] @2 Q3| @4 ;Q1] Q2] Q3] Q4;Q1| Q2| Q3] Q4 Q1] Q2| Q3| Q4 ,
rogram . . . . . . . . .
Counter) ( PC-1 ¥ PC X PC+l___ X PC+2___ X PC+3___ X PC+d___§ PC5 X PCi6__ )

. 3 4 | 3 | ! : |
Instruction ' ' MOVWF TMRO ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' '
FEtCh 1 1 1 1 1 1 1 1 1
TMRO 70 . OIS ¥ ; NTO . ; N NToRL X

\ \ \ f : f : f : f : ? \ f .
Instruction : : : . : : : : : :
Execute X X ., Write TMRO , Read TMRO , Read TMRO , Read TMRO , Read TMRO , Read TMRO

executed reads NTO reads NTO reads NTO reads NTO reads NTO + 1

FIGURE 7-4: TIMERO INTERRUPT TIMING

' Q1| Q2| Q3| @4 Q] Q2] @3] @4 Q1| Q2] @3] @4 Q1| Q2| @3 | @ Q1| Q2] Q3 Q4
OSC1 Y Yy v ' ' '

CLKOUT(3)

TimerO

-
m
>

><

FFh X

TOIF bit '
(INTCON<2>) !

BRI SCIEE  C

GIE bit
(INTCON<7>) \

INSTRUCTION:
ELOW

Inst (PC) Inst (PC+1) Inst (0004h) Inst (0005h)

Instruction
fetched

Inst (PC-1) Inst (PC) Dummy cycle Dummy cycle Inst (0004h)

PC { PC
executed :

B I O

PC +1 X PC +1 N 0004h X 0005h

Instruction *

Note 1: Interrupt flag bit TOIF is sampled here (every Q1).
2: Interrupt latency = 4Tcy where Tcy = instruction cycle time.
3: CLKOUT is available only in RC oscillator mode.
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7.2 Using Timer0 with an External Clock

When an external clock input is used for TimerO, it must
meet certain requirements. The requirements ensure
the external clock can be synchronized with the internal
phase clock (Tosc). Also, there is a delay in the actual
incrementing of TimerO after synchronization.

7.2.1 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 accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks (Figure 7-5).
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 pres-

caler so that the prescaler output is symmetrical. For
the external clock to meet the sampling requirement,
the ripple-counter must be taken into account. There-
fore, 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 mini-
mum pulse width requirement of 10 ns. Refer to param-
eters 40, 41 and 42 in the electrical specification of the
desired device.

7.2.2 TMRO INCREMENT DELAY

Since the prescaler output is synchronized with the
internal clocks, there is a small delay from the time the
external clock edge occurs to the time the Timer0 mod-
ule is actually incremented. Figure 7-5 shows the delay
from the external clock edge to the timer incrementing.

FIGURE 7-5:  TIMERO TIMING WITH EXTERNAL CLOCK

External Clock '”PS“ or
Prescaler output 2

Q1! Q21 Q31 Q4 | Q1l Q21 Q31 Q4 Q1l Q21 Q31 Q4 Q1l Q2| Q3l Q4

Small pulse
/_\ misses sampling

External Clock/Prescaler M\ T
Output after sampling M‘#ﬁ
Increment Timer0 (Q4)

Timer0

TO+1 X TO + 2

Note 1: Delay from clock input change to TimerO increment is 3Tosc to 7Tosc. (Duration of Q = Tosc).
Therefore, the error in measuring the interval between two edges on TimerO input = +4Tosc max.
2: External clock if no prescaler selected, Prescaler output otherwise.
3: The arrows indicate the points in time where sampling occurs.
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7.3

An 8-bit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer (Figure 7-6). For simplicity, this counter is being
referred to as “prescaler” throughout this data sheet.
Note that the prescaler may be used by either the
Timer0 module or the WDT but not both. Thus, a pres-
caler assignment for the Timer0 module means that
there is no prescaler for the Watchdog Timer, and
vice-versa.

The PSA and PS2:PS0 bits (OPTION<3:0>) determine
the prescaler assignment and prescale ratio.

Prescaler

FIGURE 7-6:

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

BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER

Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION<5:0>).

CLKOUT (=Fosc/4) Data Bus
A 8
o| M /1/
RA4/TOCKI . M SYNC
pin DT u - 2 TMRO reg
X Cycles
TOSE T f
TOCS
SA Set flag bit TOIF
on Overflow
0 o .
M > 8-bit Prescaler
U
Watchdog 1] X 8
Timer
T 8-to- IMUX «—— PS2:PS0O
T PSA
| o |
WDT Enable bit
MUX |««—— PSA
WDT
Time-out
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7.3.1 SWITCHING PRESCALER ASSIGNMENT

The prescaler assignment is fully under software con-
trol, i.e., it can be changed “on the fly” during program
execution.

Note:  To avoid an unintended device RESET, the
following instruction sequence (shown in
Example 7-1) must be executed when
changing the prescaler assignment from
TimerO to the WDT. This precaution must
be followed even if the WDT is disabled.

EXAMPLE 7-1: CHANGING PRESCALER
(TIMERO - WDT)

BCF STATUS, RP1 ; Select Bank 0

BCF STATUS, RPO ;

CLRF TMRO ;Qear TMO & Prescal er

BSF STATUS, RPO ; Select Bank 1

CLRWDT ;dears WOT

MOVLW b' xxxx1xxx' ; Sel ect new prescal e

MOWWF COPTION REG  ;val ue & WOT

To change prescaler from the WDT to the TimerO mod-
ule use the precaution shown in Example 7-2.

EXAMPLE 7-2: CHANGING PRESCALER
(WDT - TIMERO)

CLRWDT ; dear VOT and
; prescal er

BCF STATUS, RP1 ; Select Bank 1

BSF STATUS, RPO ;

MOVLW b' xxxx0xxx' ; Sel ect TMR0, new
;prescal e val ue and

MOWAF CPTI ON_REG ; cl ock source

BCF STATUS, RPO ; Select Bank 0

BCF STATUS, RPO ; Select Bank 0

TABLE 7-1: REGISTERS ASSOCIATED WITH TIMERO

Value on Value on all
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on

other resets
Reset

01h, 101h | TMRO Timer0 module’s register XXXX XXXX | uuuu uuuu
0Bh, 8Bh, |INTCON | GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 00Ou
10Bh, 18Bh
81h, 181h |OPTION | RBPU [ INTEDG | TOCS TOSE PSA PS2 PS1 PSO 1111 1111 | 1111 1111
85h TRISA — — TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISAL1 | TRISAO | --11 1111 | --11 1111
Legend: x =unknown, u = unchanged, - = unimplemented locations read as '0". Shaded cells are not used by Timer0.
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8.0 TIMER1 MODULE

Timerl 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 TMRL1 Interrupt, if enabled, is generated on
overflow which is latched in interrupt flag bit TMR1IF
(PIR1<0>). This interrupt can be enabled/disabled by
setting/clearing TMRL1 interrupt enable bit TMRI1IE
(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, Timerl increments every instruction
cycle. In counter mode, it increments on every rising
edge of the external clock input.

Timerl can be turned on and off using the control bit
TMR1ON (T1CON<O0>).

Timerl also has an internal “reset input”. This reset can
be generated by the CCP module (Section 10.0).
Figure 8-1 shows the Timerl control register.

When the Timerl oscillator is enabled (TLOSCEN is
set), the RC1/T10SI and RCO/T10SO/T1CKI pins
become inputs.

FIGURE 8-1: T1CON:TIMER1 CONTROL REGISTER (ADDRESS 10h)

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

R/W-0 R/W-0

| — | — |TlCKPSl|T1CKPSO|T10$CEN| T1ISYNC

| MR1cs | TMRION| [R = Readable bit

bit7

bit 7-6: Unimplemented: Read as '0'

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

1 = Oscillator is enabled
0 = Oscillator is shut off

IMRICS =1
0 = Synchronize external clock input

TIMRICS =0

bit 1: TMRI1CS: Timerl Clock Source Select bit

0 = Internal clock (Fosc/4)

bit 0: TMR1ON: Timerl On bit
1 = Enables Timerl
0 = Stops Timerl

bit 5-4: TICKPS1:T1CKPSO: Timerl Input Clock Prescale Select bits

bit 3: T1OSCEN: Timerl Oscillator Enable Control bit

Note: The oscillator inverter and feedback resistor are turned off to eliminate power drain
bit 22 T1SYNC: Timerl External Clock Input Synchronization Control bit

1 = Do not synchronize external clock input

This bit is ignored. Timerl uses the internal clock when TMR1CS = 0.

1 = External clock from pin T1CKI (on the rising edge)

bit0 W = Writable bit

U = Unimplemented bit,
read as ‘0’

-n = Value at POR reset
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8.1 Timerl Operation in Timer Mode

Timer mode is selected by clearing the TMR1CS
(TLCON<1>) hit. 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.

8.2 Timerl Operation in Synchronized

Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode the timer increments on every rising edge of
clock input on pin RC1/T10SI when bit TLOSCEN is
set or pin RCO/T10SO/T1CKI 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 pres-
caler is an asynchronous ripple-counter.

In this configuration, during SLEEP mode, Timerl will
not increment even if the external clock is present,
since the synchronization circuit is shut off. The pres-
caler however will continue to increment.

8.2.1 EXTERNAL CLOCK INPUT TIMING FOR

SYNCHRONIZED COUNTER MODE

When an external clock input is used for Timerl in syn-
chronized counter mode, it must meet certain require-
ments. The external clock requirement is due to
internal phase clock (Tosc) synchronization. Also, there
is a delay in the actual incrementing of TMR1 after syn-
chronization.

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 TLCKI 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 appropri-
ate electrical specifications, parameters 45, 46, and 47.

When a prescaler other than 1:1 is used, the external
clock input is divided by the asynchronous rip-
ple-counter type prescaler so that the prescaler output
is symmetrical. In order for the external clock to meet
the sampling requirement, the ripple-counter must be
taken into account. Therefore, it is necessary for T1CKI
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 T1CKI high and low time is that they do
not violate the minimum pulse width requirements of
10 ns). Refer to the appropriate electrical specifica-
tions, parameters 40, 42, 45, 46, and 47.

FIGURE 8-2: TIMER1 BLOCK DIAGRAM
Set flag bit
TMR1IF on
Overflow 0| Synchronized
TMR1 clock input
TMR1H | TMR1L .
1|-—
TMR1ON
------- . on/off T1SYNC
, T10SC !
RCO/T10SO/T1CKI K} * » % 1 -
! Synchronize
) | Prescaler
T10SCEN  Fosc/4 1,2,4,8 A det
gna.tl)llei @ Intenal—0 } I
RC1/T10SI scillator
Clock 2 SLEEP input
ot T1CKPS1:T1CKPSO
TMR1CS

Note 1: When the TIOSCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.
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8.3 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 soft-
ware are needed to read-from or write-to the Timerl
register pair (TMR1H:TMR1L) (Section 8.3.2).

In asynchronous counter mode, Timerl cannot be used
as a time-base for capture or compare operations.

8.3.1 EXTERNAL CLOCK INPUT TIMING WITH
UNSYNCHRONIZED CLOCK

If control bit TISYNC is set, the timer will increment
completely asynchronously. The input clock must meet
certain minimum high time and low time requirements,
as specified in timing parameters 45, 46, and 47.

8.3.2 READING AND WRITING TMR1 IN
ASYNCHRONOUS COUNTER MODE

Reading TMR1H or TMR1L while the timer is running,
from an external asynchronous clock, will ensure 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 conten-
tion may occur by writing to the timer registers while the
register is incrementing. This may produce an unpre-
dictable value in the timer register.

Reading the 16-bit value requires some care.
Example 8-1 is an example routine to read the 16-bit
timer value. This is useful if the timer cannot be
stopped.

EXAMPLE 8-1: READING A 16-BIT
FREE-RUNNING TIMER

; Al interrupts are disabl ed

MOV  TMRIH W ; Read high byte
MOWW TMPH ;
MOV TMRIL, W ;Read | ow byte
MOWANF  TMPL ;
MOV TMRIH W ; Read high byte
SUBW TMPH, W ; Sub 1st read

; with 2nd read
BTFSC STATUS,Z ;Is result =0
GQOTO CONTINUE ; Cood 16-bit read

; TMRIL may have rolled over between the read
; of the high and | ow bytes. Reading the high
; and low bytes now wi |l read a good val ue.

MOV TMRIH W ; Read hi gh byte

MOWW  TMPH ;

MOV TMRIL, W ; Read | ow byte

MOWW  TMPL ;
; Re-enable the Interrupt (if required)
CONTI NUE ; Continue with your code

8.4 Timerl Oscillator

A crystal oscillator circuit is built in between pins T1OSI
(input) and T1OSO (amplifier output). It is enabled by
setting control bit TIOSCEN (T1CON<3>). The oscilla-
tor is a low power oscillator rated up to 200 kHz. It will
continue to run during SLEEP. It is primarily intended
for a 32 kHz crystal. Table 8-1 shows the capacitor
selection for the Timerl oscillator.

The Timerl oscillator is identical to the LP oscillator.
The user must provide a software time delay to ensure
proper oscillator start-up.

TABLE 8-1: CAPACITOR SELECTION
FOR THETIMER1
OSCILLATOR
Osc Type Freq C1l Cc2
LP 32 kHz® 15 pF 15 pF
100 kHz 15 pF 15 pF
200 kHz 0-15pF | 0-15pF

Higher capacitance increases the stability of oscilla-

tor but also increases the start-up time. These values

are for design guidance only.

Note 1: For VDD > 4.5V, C1 =C2 =30 pF is recom-
mended.

Crystals Tested:

32.768 kHz | Epson C-001R32.768K-A |+ 20 PPM
100 kHz Epson C-2 100.00 KC-P |+ 20 PPM

200 kHz STD XTL 200.000 kHz + 20 PPM
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8.5 Resetting Timerl using the CCP

Trigger Output
If the CCP1 module is configured in compare mode to

generate a “special event trigger" (CCP1M3:CCP1MO
= 1011), this signal will reset Timer1.

Note:  The special event trigger from the CCP1

module will not set interrupt flag bit

TMRI1IF (PIR1<0>).

Timerl must be configured for either timer or synchro-
nized 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 spe-
cial event trigger from CCP1, the write will take prece-
dence.

In this mode of operation, the CCPR1H:CCPR1L regis-
ters pair effectively becomes the period register for
Timerl.

8.6 Resetting of Timerl Regqgister Pair

(TMR1H:TMR1L)

TMR1H and TMRL1L registers are not reset on a POR
or any other reset except by the CCPL1 special event
trigger.

T1CON register is reset to 00h on a Power-on Reset.
In any other reset, the register is unaffected.

8.7

The prescaler counter is cleared on writes to the
TMR1H or TMR1L registers.

Timerl Prescaler

TABLE 8-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER
Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on all other
Reset resets
0Bh, 8Bh, |INTCON | GIE | PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000U
10Bh, 18Bh
0Ch PIR1 LCDIF | ADIF® = = SSPIF | CCP1IF | TMR2IF | TMR1IF | 00-- 0000 | 00-- 0000
8Ch PIE1 LCDIE | ADIE® — — SSPIE | CCP1IE | TMR2IE | TMR1E | 00-- 0000 | 00-- 0000
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 — | — | T1CKPS1 | TICKPSO | TLOSCEN | TISYNC | TMR1CS | TMR1ON | --00 0000 | --uu uuuu
Legend: x = unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by theTimerl module.
Note 1: Bits ADIE and ADIF are reserved on the PIC16C923, always maintain these bits clear.
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9.0 TIMER2 MODULE

Timer2 is an 8-bit timer with a prescaler and a
postscaler. It can be used as the PWM time-base for
the 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
T2CKPS1:T2CKPSO (T2CON<1:0>)).

The Timer2 module has an 8-bit period register, PR2.
TMR2 increments from 00h until it matches PR2 and
then resets to 00h on the next increment cycle. PR2 is
a readable and writable register. The PR2 register is
set during RESET.

The match output of TMR2 goes through a 4-bit
postscaler (which gives a 1:1 to 1:16 scaling inclusive)
to generate a TMR2 interrupt (latched in flag bit
TMR2IF, (PIR1<1>)).

Timer2 can be shut off by clearing control bit TMR20ON
(T2CON<2>) to minimize power consumption.

Figure 9-2 shows the Timer2 control register.

9.1 Timer2 Prescaler and Postscaler

The prescaler and postscaler counters are cleared
when any of the following occurs:

« awrite to the TMR2 register

* a write to the T2CON register

+ any device reset (Power-on Reset, MCLR Reset,
or Watchdog Timer Reset)

TMR2 will not clear when T2CON is written, only for a
WDT, POR, and MCLR reset.

9.2 Output of TMR2

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

FIGURE 9-1: TIMER2 BLOCK DIAGRAM

Sets flag
ol @ | bit TMR2IF

Prescaler Reset

1:1, 1:4, 1:16

2

TMR2 reg

Comparator

PR2 reg

Fosc/4—

Postscaler
EQ (116 to 1:1

a

Note 1: TMR2 register output can be software selected
by the SSP Module as the source clock.

FIGURE 9-2: 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

| —  |routps3ltoutpszltoutpsi|touteso| TMR20N |T2ckPs1|T2ckPso| [R = Readable bit

bit7

bit 7: Unimplemented: Read as 'O’

0000 = 1:1 Postscale
0001 = 1:2 Postscale

1111 = 1:16 Postscale

bit 2: TMR2ON: Timer2 On bit
1 =Timer2 is on
0 = Timer2 is off

00 = Prescaleris 1
01 = Prescaleris 4
1x = Prescaler is 16

bit 6-3: TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits

bit 1-0: T2CKPS1:T2CKPSO: Timer2 Clock Prescale Select bits

W = Writable bit

U = Unimplemented bit,
read as ‘0’

-n =Value at POR reset

bit0
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TABLE 9-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER
Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Power-on all other
Reset resets

0Bh, 8Bh, | INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 00Ou
10Bh, 18Bh

0Ch PIR1 LCDIF ADIF®) = = SSPIF | CCP1IF | TMR2IF | TMR1IF | 00-- 0000 | 00-- 0000
8Ch PIE1 LCDIE ADIE® = = SSPIE | CCP1IE | TMR2IE | TMR1IE | 00-- 0000 | 00-- 0000
11h TMR2 Timer2 module’s register 0000 0000 | 0000 0000
12h T2CON — TOUTPS3 | TOUTPS?2 | 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.

Note 1: Bits ADIE and ADIF are reserved on the PIC16C923, always maintain these bits clear.
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10.0 CAPTURE/COMPARE/PWM
(CCP) MODULE

The CCP (Capture/Compare/PWM) module contains a
16-bit 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 10-1 shows the
timer resources used by the CCP module.

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

Figure 10-1 shows the CCP1CON register.

For use of the CCP module, refer to the Embedded
Control Handbook, "Using the CCP Modules” (AN594).
TABLE 10-1: CCP MODE -TIMER
RESOURCE

CCP Mode Timer Resource

Timerl
Timerl
Timer2

Capture
Compare
PWM

FIGURE 10-1: CCP1CON REGISTER (ADDRESS 17h)

0100 = Capture mode, every falling edge
0101 = Capture mode, every rising edge

11xx = PWM mode

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (bit CCP1IF is set)

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

1010 = Compare mode, generate software interrupt on match (bit CCP1IF is set, CCP1 pin is unaffected)
1011 = Compare mode, trigger special event (CCP1IF bit is set; CCP1 resets TMR1)

U-0 U0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
| — | — | CCP1X | CCP1Y | CCP1M3| CCP1M2 |CCP1M1 | CCP1MO | |R = Readable bit
U = Unimplemented bit,
read as ‘0’
- n =Value at POR reset
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 CCPR1L.
bit 3-0: CCP1M3:CCP1MO0: CCP1 Mode Select bits

0000 = Capture/Compare/PWM off (resets CCP1 module)

0 1996 Microchip Technology Inc.
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10.1  Capture Mode

In Capture mode, CCPR1H:CCPR1L captures the
16-bit value of the TMR1 register when an event occurs
on pin RC2/CCP1 (Figure 10-2). 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 CCP1M3:CCP1MO0
(CCP1CON<3:0>). When a capture is made, the inter-
rupt 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.

10.1.1 CCP PIN CONFIGURATION

In capture mode, the RC2/CCP1 pin should be config-
ured as an input by setting the TRISC<2> bit.

Note: If the RC2/CCP1 pin is configured as an
output, a write to the port can cause a cap-
ture condition.

FIGURE 10-2: CAPTURE MODE
OPERATION BLOCK

DIAGRAM
Set CCPLIF
ccP
Prescaler PIR1<2>
+1,4, 16
RC2/CCP1 | ccpriH [ ccpriL |
pin
_+_and ‘ Capture
edge detect Enable
} | TMRIH | TMRIL |
CCP1CON<3:0>
Q's

10.1.4 CCP PRESCALER

There are four prescaler settings, specified by bits
CCP1M3:CCP1MO0. 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 10-1 shows the recom-
mended method for switching between capture pres-
calers. This example also clears the prescaler counter
and will not generate the “false” interrupt.

EXAMPLE 10-1: CHANGING BETWEEN
CAPTURE PRESCALERS

CLRF  CCP1CON ; Turn CCP nodul e of f
MOVLLW NEWCAPT_PS ; Load the Wreg with

; the new prescal er

; nmode val ue and CCP ON
MOWNF  CCP1OON ; Load CCP1IOON with

; this value

10.2 Compare Mode

In Compare mode, the 16-bit CCPR1 register value is
constantly compared against the TMR1 register pair
value. When a match occurs, the RC2/CCP1 pin is:

« Driven High

» Driven Low

« Remains Unchanged

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

bits CCP1M3:CCP1M0 (CCP1CON<3:0>). At the
same time, a compare interrupt is also generated.

FIGURE 10-3: COMPARE MODE
OPERATION BLOCK
DIAGRAM

10.1.2 TIMER1 MODE SELECTION

Timerl must be running in timer mode or synchronized
counter mode for the CCP module to use the capture
feature. In asynchronous counter mode the capture
operation may not work.

10.1.3 SOFTWARE INTERRUPT

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

Special event trigger will reset Timer1, but not
set interrupt flag bit TMR1IF (PIR1<0>).

= Set CCP1IF
9| PIR1<2>
D
= CCPR1H| CCPR1L
Q SH v
Qupy
RC2/CCP1 R 09 TS
TRISC<2>
Output Enable TMRIH | TMRIL
CCP1CON<3:0>
Mode Select
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10.2.1 CCP PIN CONFIGURATION

The user must configure the RC2/CCP1 pin as an out-
put by clearing the TRISC<2> bit.

Note: Clearing the CCP1CON register will force
the RC2/CCP1 compare output latch to the
default low level. This is not the data latch.

10.2.1 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.

10.2.2 SOFTWARE INTERRUPT MODE

When Generate Software Interrupt is chosen, the
CCP1 pin is not affected. Only a CCP interrupt is gen-
erated (if enabled).

10.2.3 SPECIAL EVENT TRIGGER

In this mode, an internal hardware trigger is generated
which may be used to initiate an action.

The special event trigger output of CCP1 resets the
TMRL1 register pair and starts an A/D conversion. This
allows the CCPR1H:CCPRLL register pair to effectively
be a 16-bit programmable period register for Timerl.

Note:  The "special event trigger" from the CCP1
module will not set interrupt flag bit
TMR1IF (PIR1<0>).

10.3 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 PORTC data latch,
the TRISC<2> 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 PORTC I/O data

FIGURE 10-4: SIMPLIFIED PWM BLOCK
DIAGRAM

CCP1CON<5:4>

Duty cycle registers '/

| CCPRI1L |

%_

| CCPR1H (Slave) |
| Comparator i R Q
{F RC1/CCP1
| TMR2 | (Note 1) |
o— S
Comparator TRISC<2>
Clear Timer,
CCP1 pin and
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 10-5) 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
(1/period).

FIGURE 10-5: PWM OUTPUT

Period

I
Duty Cycle :
TMR2 = Duty Cycle

TMR2 = PR2

TMR2 = PR2

latch.

Figure 10-4 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 10.3.3.

10.3.1 PWM PERIOD

The PWM period is specified by writing to the PR2 reg-
ister. The PWM period can be calculated using the fol-
lowing 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:
 TMR2 is cleared
* The CCPL1 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

0 1996 Microchip Technology Inc.
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Note:  The Timer2 postscaler (Section 9.0) is not
used in the determination of the PWM fre-
quency. The postscaler could be used to
have a servo update rate at a different fre-
quency than the PWM output.

10.3.2 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 CCP1CON<5:4> contains the two
LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle:

PWM duty cycle = (CCPR1L: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 CCPRI1H 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 con-
catenated 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 fre-
quency:

EXAMPLE 10-2: PWM PERIOD AND DUTY
CYCLE CALCULATION

Desired PWM frequency is 31.25 kHz,
Fosc = 8 MHz
TMR2 prescale = 1

1/31.25kHz =[(PR2)+1]*4*1/8 MHz * 1
32 us =[(PR2)+1]*4*125ns* 1
PR2 =63

Find the maximum resolution of the duty cycle that can
be used with a 31.25 kHz frequency and 8 MHz oscil-
lator:

1/31.25 kHz = 2PWMRESOLUTION % 1/8 MHz * 1

32 IJS = 2PWM RESOLUTION % 125ns * 1
256 = 2PWM RESOLUTION
l0g(256) = (PWM Resolution) * log(2)

8.0 = PWM Resolution

At most, an 8-bit resolution duty cycle can be obtained
from a 31.25 kHz frequency and a 8 MHz oscillator, i.e.,
0 <CCPRI1L:CCP1CON<5:4> < 255. Any value greater
than 255 will result in a 100% duty cycle.

In order to achieve higher resolution, the PWM fre-
quency must be decreased. In order to achieve higher
PWM frequency, the resolution must be decreased.

Table 10-2 lists example PWM frequencies and resolu-
tions for Fosc = 8 MHz. TMR2 prescaler and PR2 val-
ues are also shown.

10.3.3 SET-UP FOR PWM OPERATION

o Fosc )
— FPWM b The following steps should be taken when configuring
- l0g(2) its the CCP module for PWM operation:
og
1. Setthe PWM period by writing to the PR2 regis-
ter.
: - 2. Set the PWM duty cycle by writing to the
eiseE i‘;]tehe P‘l’j"\;\v"duw ‘;fr'g(;’a'“e(l'fv\'lol\;l‘ger g‘at“ CCPRIL register and CCP1CON<5:4> bits.
i uty . .
cycle = 100%), the CCP1 pin will not be 3. Make the CC_:Pl pin an output by clearing the
— TRISC<2> bit.
4. Setthe TMR2 prescale value and enable Timer2
by writing to T2CON.
5. Configure the CCP module for PWM operation.
TABLE 10-2: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 8 MHz
PWM Frequency 488 Hz | 1.95kHz | 7.81kHz | 31.25kHz| 62.5kHz | 250 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value OxFF OxFF OxFF O0x3F Ox1F 0x07
Maximum Resolution (bits) 10 10 10 8 7 5
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TABLE 10-3: REGISTERS ASSOCIATED WITH TIMER1, CAPTURE AND COMPARE

Value on Value on

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on all other
Reset Resets
0Bh, 8Bh, | INTCON GIE | PEE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
10Bh, 18Bh
och PIR1 LCDIF| ADIF® — - SSPIF | CCP1IF | TMR2IF | TMR1IF | 00-- 0000 | 00-- 0000
8Ch PIEL LCDIE| ADIE®W — — SSPIE | CCPLIE | TMR2IE | TMRLE | 00-- 0000 | 00-- 0000
87h TRISC — — TRISC5 TRISC4 TRISC3 TRISC2 | TRISC1 TRISCO --11 1111 --11 1111
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 XXXXCXXXX | uuuu uuuu
10h T1CON — | — | T1CKPS1 | TlCKPSO| T10SCEN | m| TMRlCS| TMR1ON| --00 0000 | --uu uuuu
15h CCPRI1L Capture/Compare/PWM1 (LSB) XXXX XXXX | uuuu uuuu
16h CCPR1H | Capture/Compare/PWM1 (MSB) XXXX XXXX | uuuu uuuu
17h CCP1CON | — | — CCP1X | CCP1Y | CCP1M3 | CCP1M2| CCP1M1| ccpimo| --00 0000 | --00 0000
Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0’. Shaded cells are not used in these modes.
Note  1: Bits ADIE and ADIF reserved on the PIC16C923, always maintain these bits clear.
TABLE 10-4: 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 Power-on all other
Reset Resets

0Bh, 8Bh, INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
10Bh, 18Bh
0Ch PIR1 LCDIF| ADIF® — — SSPIF CCP1IF | TMR2IF TMR1IF | 00-- 0000 | 00-- 0000
8Ch PIE1 LCDIE| ADIE® — — SSPIE CCP1IE | TMR2IE TMR1IE | 00-- 0000 | 00-- 0000
87h TRISC — — TRISC5 TRISC4 TRISC3 TRISC2 | TRISC1 TRISCO | --11 1111 | --11 1111
11h TMR2 Timer2 module’s register 0000 0000 | 0000 0000
92h PR2 Timer2 module’s Period register 1111 1111 | 1111 1111
12h T2CON — | TOUTPS3| TOUTPSZ| TOUTPSl| TOUTPSO| TMR20N| T2CKPSl| T2CKPSO| -000 0000 | -000 0000
15h CCPR1L Capture/Compare/PWM1 (LSB) XXXX XXXX [ uuuu uuuu
16h CCPR1H Capture/Compare/PWM1 (MSB) XXXX XXXX | uuuu uuuu
17h CCP1CON — | — | CCP1X | CCP1Y | CCP1M3 | CCP1M2| CCP1M1| CCP1MO| --00 0000 | --00 0000
Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0’. Shaded cells are not used in this mode.

Note 1: Bits ADIE and ADIF reserved on the PIC16C923, always maintain these bits clear.
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11.0 SYNCHRONOUS SERIAL
PORT (SSP) MODULE

The Synchronous Serial Port (SSP) module is a serial
interface useful for communicating with other periph-
eral or microcontroller devices. These peripheral
devices may be serial EEPROMS, shift registers, dis-

play drivers, A/D converters, etc. The SSP module can
operate in one of two modes:

 Serial Peripheral Interface (SPI)

« Inter-Integrated Circuit (12C)

Refer to Application Note AN578, "Use of the SSP Mod-
ule in the 12C Multi-Master Environment."

FIGURE 11-1: SSPSTAT: SYNC SERIAL PORT STATUS REGISTER (ADDRESS 94h)

bit 7: SMP: SPI data input sample phase
SPI Master Mode

SPI Slave Mode

CKP =0
1 = Data transmitted on rising edge of SCK
0 = Data transmitted on falling edge of SCK
CKP=1
1 = Data transmitted on falling edge of SCK
0 = Data transmitted on rising edge of SCK

bit 5:  D/A: Data/Address bit (I2C mode only)

bit 4:

0 = Stop bit was not detected last
bit 3:

0 = Start bit was not detected last
bit 2:

1 =Read
0 = Write

bit 1:  UA: Update Address (10-bit 1°C mode only)

0 = Address does not need to be updated
BF: Buffer Full Status bit

Receive (SPI and 12C modes)
1 = Receive complete, SSPBUF is full

bit 0:

Transmit (I°C mode only)
1 = Transmit in progress, SSPBUF is full
0 = Transmit complete, SSPBUF is empty

R/W: Read/Write bit information (IZC mode only)
This bit holds the R/W bit information following the last address match. This bit is only valid from the
address match to the next start bit, stop bit, or ACK bit.

0 = Receive not complete, SSPBUF is empty

RW-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
| SMP | CKE | D/A | P | S | RW | UA | BF | R = Readable bit
bit7 bito | W =Writable bit

U = Unimplemented bit,
read as ‘0’
- n =Value at POR reset

1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time

SMP must be cleared when SPI is used in slave mode
bit 6: CKE: SPI Clock Edge Select (Figure 11-5, Figure 11-6, and Figure 11-7)

1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address

P: Stop bit (12C mode only. This bit is cleared when the SSP module is disabled, SSPEN is cleared)
1 = Indicates that a stop bit has been detected last (this bit is '0' on RESET)

S: Start bit (I2C mode only. This bit is cleared when the SSP module is disabled, SSPEN is cleared)
1 = Indicates that a start bit has been detected last (this bit is '0' on RESET)

1 = Indicates that the user needs to update the address in the SSPADD register

0 1996 Microchip Technology Inc.
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FIGURE 11-2: SSPCON: SYNC SERIAL PORT CONTROL REGISTER (ADDRESS 14h)

RW-0 RMW-0 RMW-0 RMW-O RMW-0 RW-O RMW-0 RMW-O
| weoL | sspov | ssPEN | ckp | ssPM3 | ssPm2 | ssPM1 | ssPMo | | R = Readable bit

bit7 bito | W = Writable bit _
U = Unimplemented bit,
read as ‘0’

- n =Value at POR reset

bit 7: WCOL: Write Collision Detect bit
1 = The SSPBUF register is written while it is still transmitting the previous word
(must be cleared in software)
0 = No collision

bit 6: SSPOV: Receive Overflow Indicator bit

In SPI mode

1 = A new byte is received while the SSPBUF register is still holding the previous data. In case of over-
flow, the data in SSPSR is lost. Overflow can only occur in slave mode. The user must read the SSPBUF,
even if only transmitting data, to avoid setting overflow. In master mode the overflow bit is not set since
each new reception (and transmission) is initiated by writing to the SSPBUF register.

0 = No overflow

In 12C mode

1 = A byte is received while the SSPBUF register is still holding the previous byte. SSPOV is a "don't
care" in transmit mode. SSPOV must be cleared in software in either mode.

0 = No overflow

bit 5: SSPEN: Synchronous Serial Port Enable bit

In SPI mode
1 = Enables serial port and configures SCK, SDO, and SDI as serial port pins
0 = Disables serial port and configures these pins as I/O port pins

In I2C mode

1 = Enables the serial port and configures the SDA and SCL pins as serial port pins

0 = Disables serial port and configures these pins as I/O port pins

In both modes, when enabled, these pins must be properly configured as input or output.

bit 4: CKP: Clock Polarity Select bit
In SPI mode
1 = Idle state for clock is a high level
0 = Idle state for clock is a low level
In 12C mode
SCK release control
1 = Enable clock
0 = Holds clock low (clock stretch) (Used to ensure data setup time)

bit 3-0: SSPM3:SSPMO0: Synchronous Serial Port Mode Select bits
0000 = SPI master mode, clock = Fosc/4
0001 = SPI master mode, clock = Fosc/16
0010 = SPI master mode, clock = Fosc/64
0011 = SPI master mode, clock = TMR2 output/2
0100 = SPI slave mode, clock = SCK pin. SS pin control enabled.
0101 = SPI slave mode, clock = SCK pin. SS pin control disabled. SS can be used as I/0 pin
0110 = I2C slave mode, 7-bit address
0111 = I2C slave mode, 10-bit address
1011 = I°C Firmware controlled master mode (slave idle)
1110 = I°C slave mode, 7-bit address with start and stop bit interrupts enabled
1111 = I2C slave mode, 10-bit address with start and stop bit interrupts enabled
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11.1  SPI Mode

The SPI mode allows 8-bits of data to be synchro-
nously transmitted and received simultaneously. To
accomplish communication, typically three pins are
used:

« Serial Data Out (SDO) RC5/SDO
« Serial Data In (SDI) RC4/SDI
» Serial Clock (SCK) RC3/SCK

Additionally a fourth pin may be used when in a slave
mode of operation:

+ Slave Select (SS) RA5/AN4/SS (the AN4 func-
tion is implemented on the PIC16C924 only)

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits in the SSPCON register (SSPCON<5:0>)
and SSPSTAT<7:6>. These control bits allow the fol-
lowing to be specified:

» Master Mode (SCK is the clock output)
» Slave Mode (SCK is the clock input)
» Clock Polarity (Idle state of SCK)

» Clock edge (output data on rising/falling edge of
SCK)

» Clock Rate (Master mode only)
« Slave Select Mode (Slave mode only)

The SSP consists of a transmit/receive Shift Register
(SSPSR) and a buffer register (SSPBUF). The SSPSR
shifts the data in and out of the device, MSb first. The
SSPBUF holds the data that was written to the SSPSR,
until the received data is ready. Once the 8-bits of data
have been received, that byte is moved to the SSPBUF
register. Then the buffer full detect bit BF
(SSPSTAT<0>) and interrupt flag bit SSPIF (PIR1<3>)
are set. This double buffering of the received data
(SSPBUF) allows the next byte to start reception before
reading the data that was just received. Any write to the
SSPBUF register during transmission/reception of data
will be ignored, and the write collision detect bit WCOL
(SSPCON<7>) will be set. User software must clear the
WCOL bit so that it can be determined if the following
write(s) to the SSPBUF register completed success-
fully. When the application software is expecting to
receive valid data, the SSPBUF should be read before
the next byte of data to transfer is written to the
SSPBUF. Buffer full bit BF (SSPSTAT<0>) indicates
when SSPBUF has been loaded with the received data
(transmission is complete). When the SSPBUF is read,
bit BF is cleared. This data may be irrelevant if the SPI
is only a transmitter. Generally the SSP Interrupt is
used to determine when the transmission/reception
has completed. The SSPBUF must be read and/or writ-
ten. If the interrupt method is not going to be used, then
software polling can be done to ensure that a write col-
lision does not occur. Example 11-1 shows the loading
of the SSPBUF (SSPSR) for data transmission. The
shaded instruction is only required if the received data
is meaningful.

EXAMPLE 11-1: LOADING THE SSPBUF
(SSPSR) REGISTER

BCOF  STATUS, RP1 ; Speci fy Bank 1
BSF  STATUS, RPO ;
LOCP BTFSS SSPSTAT, BF ; Has data been
s recei ved
;(transmt
;conpl ete)?
QOoro  LoorP ;i No
BCF  STATUS, RPO ; Speci fy Bank 0
MOVF  SSPBUF, W ;Wreg = contents
; of SSPBUF
; Save in user RAM

yWreg = contents
; of TXDATA
;New data to xmit

MOWWF RXDATA
MOVF  TXDATA, W

MOWNWF  SSPBUF

The block diagram of the SSP module, when in SPI
mode (Figure 11-3), shows that the SSPSR is not
directly readable or writable, and can only be accessed
from addressing the SSPBUF register. Additionally, the
SSP status register (SSPSTAT) indicates the various
status conditions.

FIGURE 11-3: SSP BLOCK DIAGRAM

(SPI MODE)
< Internal
data bus
Read Write
SSPBUF reg
AN
B4 ? | ssPsRrey  |—n
RC4/SDI/SDA bit0 shift
|Z clock
RC5/SDO \T\‘
SS Control
Enable
RA5/AN4/SS Edge
Select
2
Clock Select

SSPM3:SSPMO
TMR2 output
2

|X’_' | | Edge
Select

RC3/SCK/

SCL

Prescaler| Tcy
4,16, 64

TRISC<3>
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To enable the serial port, SSP Enable bit, SSPEN
(SSPCON<5>) must be set. To reset or reconfigure SPI
mode, clear bit SSPEN, re-initialize the SSPCON reg-
ister, and then set bit SSPEN. This configures the SDI,
SDO, SCK, and SS pins as serial port pins. For the pins
to behave as the serial port function, they must have
their data direction bits (in the TRISC register) appro-
priately programmed. That is:

¢ SDI must have TRISC<4> set
¢ SDO must have TRISC<5> cleared

e SCK (Master mode) must have TRISC<3>
cleared

e SCK (Slave mode) must have TRISC<3> set
+ SS must have TRISA<5> set

Any serial port function that is not desired may be over-
ridden by programming the corresponding data direc-
tion (TRIS) register to the opposite value. An example
would be in master mode where you are only sending
data (to a display driver), then both SDI and SS could
be used as general purpose outputs by clearing their
corresponding TRIS register bits.

Figure 11-4 shows a typical connection between two
microcontrollers. The master controller (Processor 1)
initiates the data transfer by sending the SCK signal.
Data is shifted out of both shift registers on their pro-
grammed clock edge, and latched on the opposite
edge of the clock. Both processors should be pro-
grammed to same Clock Polarity (CKP), then both con-
trollers would send and receive data at the same time.
Whether the data is meaningful (or dummy data)
depends on the application software. This leads to
three scenarios for data transmission:

* Master sends data — Slave sends dummy data
« Master sends data — Slave sends data
* Master sends dummy data — Slave sends data

FIGURE 11-4: SPI MASTER/SLAVE CONNECTION

The master can initiate the data transfer at any time
because it controls the SCK. The master determines
when the slave (Processor 2) is to broadcast data by
the software protocol.

In master mode the data is transmitted/received as
soon as the SSPBUF register is written to. If the SPI is
only going to receive, the SCK output could be disabled
(programmed as an input). The SSPSR register will
continue to shift in the signal present on the SDI pin at
the programmed clock rate. As each byte is received, it
will be loaded into the SSPBUF register as if a normal
received byte (interrupts and status bits appropriately
set). This could be useful in receiver applications as a
“line activity monitor” mode.

In slave mode, the data is transmitted and received as
the external clock pulses appear on SCK. When the
last bit is latched the interrupt flag bit SSPIF (PIR1<3>)
is set.

The clock polarity is selected by appropriately pro-
gramming bit CKP (SSPCON<4>). This then would
give waveforms for SPI communication as shown in
Figure 11-5, Figure 11-6, and Figure 11-7 where the
MSB is transmitted first. In master mode, the SPI clock
rate (bit rate) is user programmable to be one of the fol-
lowing:

e Fosc/4 (or Tcy)

* FOsc/16 (or 4 « Tcy)

* Fosc/64 (or 16 » Tcy)

e Timer2 output/2

This allows a maximum bit clock frequency (at 8 MHz)

of 2 MHz. When in slave mode the external clock must
meet the minimum high and low times.

In sleep mode, the slave can transmit and receive data
and wake the device from sleep.

re-"-"=-—-"m=—-"=-"=-"-'-""-"-"=-"-"-"-"=-"'="'=== A re-"-"=-—-"m=—-"=-"=-"-'-""-"-"=-"-"-"-"=-"'="'=== A
| SPI Master SSPM3:SSPMO = 00xxb : | SPI Slave SSPM3:SSPMO = 010xb :
: spo | ' spi !
| 1 - | ]
| | | |
| 1 | 1
| Serial Input Buffer | | Serial Input Buffer |
! (SSPBUF) [ ! (SSPBUF) [
| | | |
| 1 | 1
| | | |
| | | |
' sor ! ' spo !
| Shift Register | - 1 Shift Register |
[ (SSPSR) | ! (SSPSR) |
| | | |
[ MSb Lsb | | MSb LSh [
I I . I I
| ,  Serial Clock | |
| SCK | | SCK |
| |

| PROCESSOR 1 | | PROCESSOR 2 |
L o e e e e e e e e e e e e e — — — — — — ) L o e e e e e e e e e e e e e — — — — — — )
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The SS pin allows a synchronous slave mode. The
SPI must be in slave mode (SSPCON<3:0> = 04h)
and the TRISA<5> bit must be set for the synchro-
nous slave mode to be enabled. When the SS pin is
low, transmission and reception are enabled and
the SDO pin is driven. When the SS pin goes high,
the SDO pin is no longer driven, even if in the mid-
dle of a transmitted byte, and becomes a floating
output. External pull-up/ pull-down resistors may be
desirable, depending on the application.

FIGURE 11-5: SPI MODE TIMING, MASTER MODE

Note: When the SPI is in Slave Mode with SS pin
control enabled, (SSPCON<3:0> = 0100)
the SPI module will reset if the SS pin is set
to VDD.

Note: If the SPI is used in Slave Mode with

CKE ='1', then the SS pin control must be
enabled.

To emulate two-wire communication, the SDO pin can
be connected to the SDI pin. When the SPI needs to
operate as a receiver the SDO pin can be configured as
an input. This disables transmissions from the SDO.
The SDI can always be left as an input (SDI function)
since it cannot create a bus conflict.

SCK (CKP =0, o L L

CKE = 0)

SCK (CKP =0, | | | | | |

CKE = 1)
SCK (CKP =1,

CKE =0) I S I e

SCK (CKP =1,

CKE=D I A

X bir X bite X

SDO

bits X biw X b3 X b X

bitt X  bito

bit7
SDI (SMP = 1)

bit7
SSPIF

SDI (SMP = 0) C C C C C C C C

bit0

bit0

FIGURE 11-6: SPI MODE TIMING (SLAVE MODE WITH CKE = 0)

SS (optional) —|

SCK (CKP = 0) | L L

SCK (CKP = 1) -
L L L

X bit7 X bit6 X

SDO

bits X bita X bz K bitz X

b X b0 |

bit7
SSPIF

SDI (SMP = 0) ' C C C C C C C C

bit0
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FIGURE 11-7: SPI MODE TIMING (SLAVE MODE WITH CKE = 1)

ait optional) |_

SCK (CKP = 0)

SCK (CKP = 1)

SDO —( bz X bie X bis X bita X b3z { bitz X bir X b0 X y—

soreu -0 —— > < < << << >

bit7 bit0

SSPIF ,_

TABLE 11-1: REGISTERS ASSOCIATED WITH SPI OPERATION

Value on Value on all

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on
other resets
Reset

0Bh, 8Bh, INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 0000 000u
10Bh, 18Bh
0Ch PIR1 LCDIF | ADIF® — — SSPIF CCP1IF | TMR2IF | TMR1IF 00-- 0000 00-- 0000
8Ch PIE1 LCDIE | ADIED — — SSPIE CCP1IE | TMR2IE | TMRI1IE 00-- 0000 00-- 0000
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX uuuu uuuu
14h SSPCON WCOL | SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO 0000 0000 0000 0000
85h TRISA — — TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO --11 1111 --11 1111
87h TRISC — — TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | --11 1111 --11 1111
94h SSPSTAT SMP CKE D/A P S RIW UA BF 0000 0000 0000 0000
Legend: x =unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by the SSP in SPI mode.

Note 1: Bits ADIE and ADIF are reserved on the PIC16C923, always maintain these bits clear.
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11.2  _12CO Overview

This section provides an overview of the Inter-Inte-
grated Circuit (IZC) bus, with Section 11.3 discussing
the operation of the SSP module in 12C mode.

The 12C bus is a two-wire serial interface developed by
the Philips Corporation. The original specification, or
standard mode, was for data transfers of up to 100
Kbps. An enhanced specification, or fast mode is not
supported. This device will communicate with fast
mode devices if attached to the same bus.

The I12C interface employs a comprehensive protocol to
ensure reliable transmission and reception of data.
When transmitting data, one device is the “master”
which initiates transfer on the bus and generates the
clock signals to permit that transfer, while the other
device(s) acts as the “slave.” All portions of the slave
protocol are implemented in the SSP module’s hard-
ware, except general call support, while portions of the
master protocol need to be addressed in the
PIC16CXX software. Table 11-2 defines some of the
I2C bus terminology. For additional information on the
I2C interface specification, refer to the Philips docu-
ment “The I°C bus and how to use it."#939839340011,
which can be obtained from the Philips Corporation.

In the I12C interface protocol each device has an
address. When a master wishes to initiate a data trans-
fer, it first transmits the address of the device that it
wishes to “talk” to. All devices “listen” to see if this is
their address. Within this address, a bit specifies if the
master wishes to read-from/write-to the slave device.
The master and slave are always in opposite modes
(transmitter/receiver) of operation during a data trans-
fer. That is they can be thought of as operating in either
of these two relations:

« Master-transmitter and Slave-receiver
« Slave-transmitter and Master-receiver

In both cases the master generates the clock signal.

TABLE 11-2:  1°C BUS TERMINOLOGY

The output stages of the clock (SCL) and data (SDA)
lines must have an open-drain or open-collector in
order to perform the wired-AND function of the bus.
External pull-up resistors are used to ensure a high
level when no device is pulling the line down. The num-
ber of devices that may be attached to the I2C bus is
limited only by the maximum bus loading specification
of 400 pF.

11.2.1  INITIATING AND TERMINATING DATA
TRANSFER

During times of no data transfer (idle time), both the
clock line (SCL) and the data line (SDA) are pulled high
through the external pull-up resistors. The START and
STOP conditions determine the start and stop of data
transmission. The START condition is defined as a high
to low transition of the SDA when the SCL is high. The
STOP condition is defined as a low to high transition of
the SDA when the SCL is high. Figure 11-8 shows the
START and STOP conditions. The master generates
these conditions for starting and terminating data trans-
fer. Due to the definition of the START and STOP con-
ditions, when data is being transmitted, the SDA line
can only change state when the SCL line is low.

FIGURE 11-8: START AND STOP
CONDITIONS

Start Changé bhangé Stop
Condition of Data of Data  Condition
Allowed Allowed

Term

Description

Transmitter

The device that sends the data to the bus.

the transfer data does not get corrupted.

Receiver The device that receives the data from the bus.

Master The device which initiates the transfer, generates the clock and terminates the transfer.

Slave The device addressed by a master.

Multi-master More than one master device in a system. These masters can attempt to control the bus at the
same time without corrupting the message.

Arbitration Procedure that ensures that only one of the master devices will control the bus. This ensure that

Synchronization

Procedure where the clock signals of two or more devices are synchronized.
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11.2.2 ADDRESSING I°C DEVICES

There are two address formats. The simplest is the
7-bit address format with a R/W bit (Figure 11-9). The
more complex is the 10-bit address with a R/W bit
(Figure 11-10). For 10-bit address format, two bytes
must be transmitted with the first five bits specifying this
to be a 10-bit address.

FIGURE 11-9: 7-BIT ADDRESS FORMAT

MSb LSb
S R/W [ACK
I

slave address —I Sent by

Slave
S - Start Condition

R/W - Read/Write pulse

ACK - Acknowledge

FIGURE 11-10: I°C 10-BIT ADDRESS
FORMAT

[s]11110A9A8 RAW [ACK |A7 A6 AS A4 A3A2 AL AD | ACK|

sent by slave

L » =0 for write

S - Start Condition
R/W - Read/Write Pulse
CK - Acknowledge

11.2.3 TRANSFER ACKNOWLEDGE

All data must be transmitted per byte, with no limit to
the number of bytes transmitted per data transfer. After
each byte, the slave-receiver generates an acknowl-
edge bit (ACK) (Figure 11-11). When a slave-receiver
doesn’t acknowledge the slave address or received
data, the master must abort the transfer. The slave
must leave SDA high so that the master can generate
the STOP condition (Figure 11-8).

FIGURE 11-12: DATA TRANSFER WAIT STATE

FIGURE 11-11: SLAVE-RECEIVER

ACKNOWLEDGE

Data

Outputby © ™7
Transmitter —7\ | X X

Data | not acknowledge
Output by N
Receiver +
SCL from ' ! acknowledge7

S
Clock Pulse for
Condition Acknowledgment

If the master is receiving the data (master-receiver), it
generates an acknowledge signal for each received
byte of data, except for the last byte. To signal the end
of data to the slave-transmitter, the master does not
generate an acknowledge (not acknowledge). The
slave then releases the SDA line so the master can
generate the STOP condition. The master can also
generate the STOP condition during the acknowledge
pulse for valid termination of data transfer.

If the slave needs to delay the transmission of the next
byte, holding the SCL line low will force the master into
a wait state. Data transfer continues when the slave
releases the SCL line. This allows the slave to move
the received data or fetch the data it needs to transfer
before allowing the clock to start. This wait state tech-
nigue can also be implemented at the bhit level,
Figure 11-12. The slave will inherently stretch the
clock, when it is a transmitter, but will not when it is a
receiver. The slave will have to clear the SSPCON<4>
bit to enable clock stretching when it is a receiver.

XX XX

- - a

XX XN/

acknowledgment

SCL ''s 0\ /1\ /2)\ 7 8

.....

signal from receiver

9

byte complete
interrupt with receiver

acknowledgment
signal from receiver

clock line held low while
interrupts are serviced

1 2\_/3+8\_/9\ /' p

.....

Start

Condition Address

RW ACK Wait

Stop

Data ACK Condition

State
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Figure 11-13 and Figure 11-14 show Master-transmit- SCL is high), but occurs after a data transfer acknowl-
ter and Master-receiver data transfer sequences. edge pulse (not the bus-free state). This allows a mas-
ter to send “commands” to the slave and then receive
the requested information or to address a different
slave device. This sequence is shown in Figure 11-15.

When a master does not wish to relinquish the bus (by
generating a STOP condition), a repeated START con-
dition (Sr) must be generated. This condition is identi-
cal to the start condition (SDA goes high-to-low while

FIGURE 11-13: MASTER-TRANSMITTER SEQUENCE

For 7-bit address: For 10-bit address:
S|Slave AddresslR/WIA |Data |A | Data | A/A| P S|Slave AddressR/W |A1|Slave Address|A2
First 7 bits Second byte
‘0" (write) ] L_data transferred it ]
(n bytes - acknowledge) (write)
A master transmitter addresses a slave receiver with a g
7-bit address. The transfer direction is not changed. Data|Al Data|A/A|P
A = acknowledge (SDA low) «
D From master to slave A = not acknowledge (SDA high)
S = Start Condition A master transmitter addresses a slave receiver
|:| From slave to master P = Stop Condition with a 10-bit address.

FIGURE 11-14: MASTER-RECEIVER SEQUENCE

For 7-bit address: For 10-bit address:
S|Slave Address|R/W|A |Data |A | Data | A | P S|Slave AddressR/W [A1|Slave Address|A2
First 7 bits Second byte
'1' (read) _ Ldata transferre ite)
(n bytes - acknowledge) (write)
A master reads a slave immediately after the first byte. L __ $ _
SriSlave Address|R/W |A3|Data|A|  [DatalA|P
A= acknowledge (SDA low) First 7 bits g
[] From masterto slave A = not acknowledge (SDA high) (read)
S = Start Condition A master transmitter addresses a slave receiver
|:| From slave to master P = Stop Condition with a 10-bit address.

FIGURE 11-15: COMBINED FORMAT
(read or write)
— (n bytes + acknowledge) —

S|Slave Address|R/W |A |Data |A/A | Sr|Slave Address|R/W |A|Data|A/A | P
(regd) Sr= relpeated (write)J L Direction of transfer
Start Condition may change at this point

Transfer direction of data and acknowledgment bits depends on R/W bits.

Combined format:
(d ({C
P — pr— P

SriSlave Address|R/W| A | Slave Address| A | Data|A Data| A/A |Sr |Slave Address|R/W |A|Data A Data|A|P
First 7 bits Second byte First 7 bits

« «
(write) a

’ (read) -

Combined format - A master addresses a slave with a 10-bit address, then transmits
data to this slave and reads data from this slave.

A = acknowledge (SDA low) _

[ ] From masterto slave A= not acknowledge (SDA high)
S = Start Condition

|:| From slave to master P = Stop Condition
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11.2.4 MULTI-MASTER

The 1?C protocol allows a system to have more than
one master. This is called multi-master. When two or
more masters try to transfer data at the same time,
arbitration and synchronization occur.

11.2.41 ARBITRATION

Arbitration takes place on the SDA line, while the SCL
line is high. The master which transmits a high when
the other master transmits a low loses arbitration
(Figure 11-16), and turns off its data output stage. A
master which lost arbitration can generate clock pulses
until the end of the data byte where it lost arbitration.
When the master devices are addressing the same
device, arbitration continues into the data.

FIGURE 11-16: MULTI-MASTER
ARBITRATION
(TWO MASTERS)

transmitter 1 loses arbitration
R ! / DATA 1 SDA

DATA 1_\“ /_\ /_" ______

soAl.q: /—\ /_
sai—\/—\/—\/—\/—\/—\/—

[

11.2.4.2 Clock Synchronization

Clock synchronization occurs after the devices have
started arbitration. This is performed using a
wired-AND connection to the SCL line. A high to low
transition on the SCL line causes the concerned
devices to start counting off their low period. Once a
device clock has gone low, it will hold the SCL line low
until its SCL high state is reached. The low to high tran-
sition of this clock may not change the state of the SCL
line, if another device clock is still within its low period.
The SCL line is held low by the device with the longest
low period. Devices with shorter low periods enter a
high wait-state, until the SCL line comes high. When
the SCL line comes high, all devices start counting off
their high periods. The first device to complete its high
period will pull the SCL line low. The SCL line high time
is determined by the device with the shortest high
period, Figure 11-17.

FIGURE 11-17: CLOCK SYNCHRONIZATION

Masters that also incorporate the slave function, and
have lost arbitration must immediately switch over to
slave-receiver mode. This is because the winning mas-
ter-transmitter may be addressing it.

Arbitration is not allowed between:

* Arepeated START condition

¢ A STOP condition and a data bit

« Arepeated START condition and a STOP condi-
tion

Care needs to be taken to ensure that these conditions

do not occur.

wait start counting
state HIGH period

w«N

counter b

/{‘ reset : \ \ ~ \‘

R

DS30444D-page 76

Preliminary

0 1996 Microchip Technology Inc.



PIC16C9XX

11.3  SSP I2C Operation

The SSP module in 1°C mode fully implements all slave
functions, except general call support, and provides
interrupts on start and stop bits in hardware to facilitate
software implementations of the master functions. The
SSP module implements the standard mode specifica-
tions as well as 7-bit and 10-bit addressing. Two pins
are used for data transfer. These are the
RC3/SCK/SCL pin, which is the clock (SCL), and the
RC4/SDI/SDA pin, which is the data (SDA). The user
must configure these pins as inputs or outputs through
the TRISC<4:3> bits. The SSP module functions are
enabled by setting SSP Enable bit SSPEN (SSP-
CON<5>).

FIGURE 11-18: SSP BLOCK DIAGRAM
(1°C MODE)

< Internal
data bus
read Q;S% wie

RC3/SCK/SCL | SSPBUF reg

ZE X

|Z; <I<—' SSPSR reg

RC4/ MSb LSb
SDI/ ._|>

SDA A
| Match detect |—> Addr Match

ih

| ssPaDDreg |

Start and Set, Reset

Stop bit detect [>S, P bits
(SSPSTAT reg)

The SSP module has five registers for 1°C operation.
These are the:

* SSP Control Register (SSPCON)

* SSP Status Register (SSPSTAT)

» Serial Receive/Transmit Buffer (SSPBUF)

* SSP Shift Register (SSPSR) - Not directly acces-
sible

* SSP Address Register (SSPADD)

The SSPCON register allows control of the 12C opera-
tion. Four mode selection bits (SSPCON<3:0>) allow
one of the following 12C modes to be selected:

« 12C Slave mode (7-bit address)
« I12C Slave mode (10-bit address)
« 12C Slave mode (7-bit address), with start and

stop bit interrupts enabled
« 12C Slave mode (10-bit address), with with

start and stop bit interrupts enabled
« I12C Firmware controlled Master Mode, slave is

idle
Selection of any 12C mode, with the SSPEN bit set,
forces the SCL and SDA pins to be open drain, pro-
vided these pins are programmed to inputs by setting
the appropriate TRISC bits.

The SSPSTAT register gives the status of the data
transfer. This information includes detection of a
START or STOP bit, specifies if the received byte was
data or address if the next byte is the completion of
10-bit address, and if this will be a read or write data
transfer. The SSPSTAT register is read only.

The SSPBUF is the register to which transfer data is
written to or read from. The SSPSR register shifts the
data in or out of the device. In receive operations, the
SSPBUF and SSPSR create a doubled buffered
receiver. This allows reception of the next byte to begin
before reading the last byte of received data. When the
complete byte is received, it is transferred to the
SSPBUF register and flag bit SSPIF is set. If another
complete byte is received before the SSPBUF register
is read, a receiver overflow has occurred and bit
SSPOV (SSPCON<6>) is set and the byte in the
SSPSR s lost.

The SSPADD register holds the slave address. In
10-bit mode, the user needs to write the high byte of the
address (1111 0 A9 A8 0). Following the high byte
address match, the low byte of the address needs to be
loaded (A7:A0).
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11.3.1 SLAVE MODE

In slave mode, the SCL and SDA pins must be config-
ured as inputs (TRISC<4:3> set). The SSP module will
override the input state with the output data when
required (slave-transmitter).

When an address is matched or the data transfer after
an address match is received, the hardware automati-
cally will generate the acknowledge (ACK) pulse, and
then load the SSPBUF register with the received value
currently in the SSPSR register.

There are certain conditions that will cause the SSP
module not to give this ACK pulse. These are if either
(or both):

a) The buffer full bit BF (SSPSTAT<0>) was set
before the transfer was received.

b) The overflow bit SSPOV (SSPCON<6>) was set
before the transfer was received.

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit SSPIF (PIR1<3>) is set.
Table 11-3 shows what happens when a data transfer
byte is received, given the status of bits BF and
SSPOV. The shaded cells show the condition where
user software did not properly clear the overflow condi-
tion. Flag bit BF is cleared by reading the SSPBUF reg-
ister while bit SSPQOV is cleared through software.

The SCL clock input must have a minimum high and
low time for proper operation. The high and low times
of the 12C specification as well as the requirement of
the SSP module is shown in timing parameter #100
and parameter #101.

11.3.1.1 ADDRESSING

Once the SSP module has been enabled, it waits for a
START condition to occur. Following the START condi-
tion, the 8-bits are shifted into the SSPSR register. All
incoming bits are sampled with the rising edge of the
clock (SCL) line. The value of register SSPSR<7:1> is
compared to the value of the SSPADD register. The

address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match, and the BF
and SSPOV bits are clear, the following events occur:

a) The SSPSR register value is loaded into the
SSPBUF register.

b) The buffer full bit, BF is set.

c) AnACK pulse is generated.

d) SSP interrupt flag bit, SSPIF (PIR1<3>) is set
(interrupt is generated if enabled) - on the falling
edge of the ninth SCL pulse.

In 10-bit address mode, two address bytes need to be
received by the slave (Figure 11-10). The five Most Sig-
nificant bits (MSbs) of the first address byte specify if
this is a 10-bit address. Bit RAW (SSPSTAT<2>) must
specify a write so the slave device will receive the sec-
ond address byte. For a 10-bit address the first byte
would equal ‘1111 0 A9 A8 (0, where A9 and A8 are
the two MSbs of the address. The sequence of events
for a 10-bit address is as follows, with steps 7- 9 for
slave-transmitter:

1. Receive first (high) byte of Address (bits SSPIF,
BF, and bit UA (SSPSTAT<1>) are set).

2. Update the SSPADD register with second (low)
byte of Address (clears bit UA and releases the
SCL line).

3. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

4. Receive second (low) byte of Address (bits
SSPIF, BF, and UA are set).

5. Update the SSPADD register with the first (high)
byte of Address, if match releases SCL line, this
will clear bit UA.

6. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

7. Receive repeated START condition.

8. Receive first (high) byte of Address (bits SSPIF
and BF are set).

9. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

TABLE 11-3: DATA TRANSFER RECEIVED BYTE ACTIONS

Status Bits as Data
Transfer is Received Set bit SSPIF
Generate ACK (SSP Interrupt occurs
BF SSPOV SSPSR - SSPBUF Pulse if enabled)
0 0 Yes Yes Yes
1 0 No No Yes
1 1 No No Yes
0 1 No No Yes
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11.3.1.2 RECEPTION

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT
register is cleared. The received address is loaded into
the SSPBUF register.

When the address byte overflow condition exists, then
no acknowledge (ACK) pulse is given. An overflow con-
dition is defined as either bit BF (SSPSTAT<0>) is set
or bit SSPOV (SSPCON<6>) is set.

An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF (PIR1<3>) must be cleared in soft-
ware. The SSPSTAT register is used to determine the
status of the byte.

FIGURE 11-19: 12C WAVEFORMS FOR RECEPTION (7-BIT ADDRESS)

Receiving Address ~ R/W=0____ Receiving Data ACK Receiving Data CK

SDA ' m@@m Al D7 D6Y( D5 DaXD3XD2XDIXD0)__/D7XD6XD5XDAXD3XB2XDIXD0) I\ E-
|
|

|
|

SSPIF (PIR1<3>) L
|

BF (SSPSTAT<0>) |—|T

Bus Master
terminates
transfer

SSPBU
SSPOV (SSPCON<6>)

L‘— Cleared in software

F register is read

Bit SSPOV is set because the SSPBUF register is still full. 4

CK is not sent.
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11.3.1.3 TRANSMISSION

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit, and pin RC3/SCK/SCL is held
low. The transmit data must be loaded into the SSP-
BUF register, which also loads the SSPSR register.
Then pin RC3/SCK/SCL should be enabled by setting
bit CKP (SSPCON<4>). The master must monitor the
SCL pin prior to asserting another clock pulse. The
slave devices may be holding off the master by stretch-
ing the clock. The eight data bits are shifted out on the
falling edge of the SCL input. This ensures that the
SDA signal is valid during the SCL high time
(Figure 11-20).

An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF must be cleared in software, and
the SSPSTAT register is used to determine the status
of the byte. Flag bit SSPIF is set on the falling edge of
the ninth clock pulse.

As a slave-transmitter, the ACK pulse from the mas-
ter-receiver is latched on the rising edge of the ninth
SCL input pulse. If the SDA line was high (not ACK),
then the data transfer is complete. When the ACK is
latched by the slave, the slave logic is reset and the
slave then monitors for another occurrence of the
START bit. If the SDA line was low (ACK), the transmit
data must be loaded into the SSPBUF register, which
also loads the SSPSR register. Then pin
RC3/SCK/SCL should be enabled by setting bit CKP.

FIGURE 11-20: I2C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)

RIW =1

Receiving Address

soa T\ /ATXAGXASY AdX A3 YAZ)Y(ALY  \_ACK

SCL

CKP (SSPCON<4>)

' Datain ! Sﬁll_ thFt’julov\v \ X
. . while ) .
sampled responds to SSPIF \ \
SSPIF (PIR1<3>) ,
i i :
BF (SSPSTAT<0>) : q |_
: cleared in software }_From SS'P interrupt

L

SSPBUF is written in software | service routine

Set bit after writing to SSPBUF
(the SSPBUF must be written-to
before the CKP bit can be set)
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11.3.2 MASTER MODE

Master mode of operation is supported by interrupt
generation on the detection of the START and STOP
conditions. The STOP (P) and START (S) bits are
cleared from a reset or when the SSP module is dis-
abled. Control of the 12C bus may be taken when the P
bit is set, or the bus is idle with both the S and P bits
clear.

In master mode the SCL and SDA lines are manipu-
lated by clearing the corresponding TRISC<4:3> hit(s).
The output level is always low, irrespective of the
value(s) in PORTC<4:3>. So when transmitting data, a
1" data bit must have the TRISC<4> bit set (input) and
a '0' data bit must have the TRISC<4> bit cleared (out-
put). The same scenario is true for the SCL line with the
TRISC<3> bhit.

The following events will cause SSP Interrupt Flag bit,
SSPIF, to be set (SSP Interrupt if enabled):

e START condition

* STOP condition

« Data transfer byte transmitted/received

Master mode of operation can be done with either the
slave mode idle (SSPM3:SSPMO0 = 1011) or with the
slave active. When both master and slave modes are

enabled, the software needs to differentiate the
source(s) of the interrupt.

11.3.3 MULTI-MASTER MODE

In multi-master mode, the interrupt generation on the
detection of the START and STOP conditions allows
the determination of when the bus is free. The STOP
(P) and START (S) bits are cleared from a reset or
when the SSP module is disabled. Control of the I°C
bus may be taken when bit P (SSPSTAT<4>) is set, or
the bus is idle with both the S and P bits clear. When
the bus is busy, enabling the SSP Interrupt will gener-
ate the interrupt when the STOP condition occurs.

In multi-master operation, the SDA line must be moni-
tored to see if the signal level is the expected output
level. This check only needs to be done when a high
level is output. If a high level is expected and a low level
is present, the device needs to release the SDA and
SCL lines (set TRISC<4:3>). There are two stages
where this arbitration can be lost, they are:

¢ Address Transfer
¢ Data Transfer

When the slave logic is enabled, the slave continues to
receive. If arbitration was lost during the address trans-
fer stage, communication to the device may be in
progress. If addressed an ACK pulse will be generated.
If arbitration was lost during the data transfer stage, the
device will need to re-transfer the data at a later time.

TABLE 11-4: REGISTERS ASSOCIATED WITH I2C OPERATION

. . ’ . . . . . Value on Value on all
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O PoR\’ng;re-;)n other resets
0Bh, 8Bh, |INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 0000 000u
10Bh, 18Bh
0Ch PIR1 LCDIF | ADIF® — — SSPIF | CCP1IF | TMR2IF | TMR1IF 00-- 0000 00-- 0000
8Ch PIE1 LCDIE | ADIE® = — SSPIE | CCP1IE | TMR2IE | TMRIIE 00-- 0000 00-- 0000
13h SSPBUF |Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX uuuu uuuu
93h SSPADD  |Synchronous Serial Port (I2C mode) Address Register 0000 0000 0000 0000
14h SSPCON WCOL | SSPOV | SSPEN | CKP | SSPM3 | SSPM2 | SSPM1 | SSPMO 0000 0000 0000 0000
94h SSPSTAT SMP CKE D/A P s RIW UA BF 0000 0000 0000 0000
87h TRISC — — TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO --11 1111 --11 1111
Legend: x = unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by SSP in [2C mode.
Note 1: Bits ADIE and ADIF are reserved on the PIC16C923, always maintain these bits clear.
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FIGURE 11-21: OPERATION OF THE 1°C MODULE IN IDLE_MODE, RCV_MODE OR XMIT_MODE

IDLE_MODE (7-bit):

if (Addr_match) { Set interrupt;
f(RW=1) { Send ACK = 0;
set XMIT_MODE;
o}
else if (R/W = 0) set RCV_MODE;
}
RCV_MODE:
if (SSPBUF=Full) OR (SSPOV = 1))
{ Set SSPOV;
Do not acknowledge;
}
else { transfer SSPSR - SSPBUF,;

send ACK = 0;
}
Receive 8-bits in SSPSR;
Set interrupt;

XMIT_MODE:

While ((SSPBUF = Empty) AND (CKP=0)) Hold SCL Low;

Send byte;

Set interrupt;

if (ACK Received = 1) { End of transmission;

Go back to IDLE_MODE;

}
else if (ACK Received = 0) Go back to XMIT_MODE;

IDLE_MODE (10-Bit):
If (High_byte_addr_match AND (R/W = 0))
{ PRIOR_ADDR_MATCH = FALSE;
Set interrupt;
if ((SSPBUF = Full) OR ((SSPOV = 1))
{ Set SSPOV;
Do not acknowledge;
}

else { Set UA=1;

Send ACK = 0;

While (SSPADD not updated) Hold SCL low;
Clear UA=0;

Receive Low_addr_byte;

Set interrupt;

SetUA=1;
If (Low_byte_addr_match)
{ PRIOR_ADDR_MATCH = TRUE;
Send ACK = 0;
while (SSPADD not updated) Hold SCL low;
Clear UA=0;
Set RCV_MODE;
}

}
else if (High_byte_addr_match AND (R/W = 1)
{ if (PRIOR_ADDR_MATCH)
{ send ACK = 0;
set XMIT_MODE;

}
else PRIOR_ADDR_MATCH = FALSE;

}
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12.0 ANALOG-TO-DIGITAL The A/D module has three registers. These registers
CONVERTER (A/D) MODULE are.
This section applies to the PIC16C924 only.

The analog-to-digital (A/D) converter module has five
inputs.

* A/D Result Register (ADRES)

« A/D Control Register 0 (ADCONO)

« A/D Control Register 1 (ADCON1)
The ADCONO register, shown in Figure 12-1, controls
the operation of the A/D module. The ADCONL1 register,
shown in Figure 12-2, configures the functions of the

port pins. The port pins can be configured as analog
inputs (RA3 can also be a voltage reference) or as dig-

The A/D allows conversion of an analog input signal to
a corresponding 8-bit digital number (refer to Applica-
tion Note AN546 for use of A/D Converter). The output
of the sample and hold is the input into the converter,
which generates the result via successive approxima-

tion. The analog reference voltage is software select- ital /0.
able to either the device’s positive supply voltage (VDD)
or the voltage level on the RA3/AN3/VREF pin. The A/D
converter has a unique feature of being able to operate
while the device is in SLEEP mode.
FIGURE 12-1: ADCONO REGISTER (ADDRESS 1Fh)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 uU-0 R/W-0
| ADCS1 | ADCSO0 | CHS2 | CHS1 | CHSO | GO/DONE | — ADON R =Readable bit
bit7 pito |W= Wr!table bit _
U =Unimplemented bit,
read as ‘0’

- n = Value at POR reset

bit 7-6: ADCS1:ADCSO0: A/D Conversion Clock Select bits
00 = Fosc/2
01 = Fosc/8
10 = Fosc/32
11 = FRrRc (clock derived from an RC oscillation)

bit 5-3: CHS2:CHSO0: Analog Channel Select bits
000 = channel 0, (RAO/ANO)
001 = channel 1, (RA1/AN1)
010 = channel 2, (RA2/AN2)
011 = channel 3, (RA3/AN3)
100 = channel 4, (RA5/AN4)

bit 2: GO/DONE: A/D Conversion Status bit

If ADON =1

1 = A/D conversion in progress (setting this bit starts the A/D conversion)

0 = A/D conversion not in progress (This bit is automatically cleared by hardware when the A/D conver-
sion is complete)

bit 1: Unimplemented: Read as '0'

bit O: ADON: A/D On bit
1 = A/D converter module is operating
0 = A/D converter module is shutoff and consumes no operating current
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FIGURE 12-2: ADCON1 REGISTER (ADDRESS 9Fh)

bit 7-3: Unimplemented: Read as '0'

bit 2-0: PCFG2:PCFGO: A/D Port Configuration Control bits

UO U0 U0 U0 U0  RMWO RWO RMW-
| — | — | — | — | — | pcre2 | pcFe1 | PcFGo | [R =Readable bit
bit7 pito | W =Writable bit

U =Unimplemented
bit, read as ‘0’
- n = Value at POR reset

PCFG2:PCFGO RAO | RA1 | RA2 | RA5 | RA3 | VREer

000 A A A A A VDD

001 A A A A VREF |RA3

010 A A A A A VDD

011 A A A A VREF |RA3

100 A A D D A VDD

111 D D D D D —

A = Analog input
D = Digital I/0

The ADRES register contains the result of the A/D con- 3. Wait the required acquisition time.
version. When the A/D conversion is complete, the 4. Start conversion:
result is loaded into the ADRES register, the GO/DONE + Set GO/DONE bit (ADCONO)
bit (ADCONO0<2>) is cleared, and A/D interrupt flag bit 5 \Wait for A/D ion t lete. by either-
ADIF is set. The block diagram of the A/D module is ' a gr conversion to comp ete, by eiher.
shown in Figure 12-3. * Polling for the GO/DONE bit to be cleared
After the A/D module has been configured as desired, OR
the selected channel must be acquired before the con- « Waiting for the A/D interrupt
version is started. The analog input channels must 6. Read A/D Result register (ADRES), clear bit
have their corresponding TRIS bits selected as an ADIF if required.
input. To determine sample time, see Section 12.1. 7. For next conversion, go to step 1 or step 2 as

After this acquisition time has elapsed the A/D conver-
sion can be started. The following steps should be fol-
lowed for doing an A/D conversion:

1. Configure the A/D module:

« Configure analog pins / voltage reference /
and digital I/O (ADCON1)

» Select A/D input channel (ADCONO)
« Select A/D conversion clock (ADCONO)
e Turn on A/D module (ADCONO)
2. Configure A/D interrupt (if desired):
* Clear ADIF bit
» Set ADIE bit
» Set GIE bit

required. The A/D conversion time per bit is
defined as TAD. A minimum wait of 2TAD is
required before next acquisition starts.
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FIGURE 12-3: A/D BLOCK DIAGRAM

CHS2:CHS0
: 100 |
Z 011 .
(Input voltage) - . RA3/AN3/VREF
! 010
AD - . —& RA2/AN2
Converter X X
. 001 |
. - —@ RAL/AN1
l 000 |
VDD - . —@ RAO/ANO
N K 000or T
VREE ' T 010 or
IJD/ ! 100
(Reference ! O~
voltage e . 00lor
ge) il 011

PCFG2:PCFGO
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121  A/D Sampling Requirements Note 1

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHoLD) must be allowed

to fully charge to the input channel voltage level. The Note 2:

analog input model is shown in Figure 12-4. The
source impedance (Rs) and the internal sampling
switch (Rss) impedance directly affect the time
required to charge the capacitor CHOLD. The sampling
switch (Rss) impedance varies over the device voltage
(VoD), (Figure 12-4). The maximum recommended

impedance for analog sources is 10 kQ. After the Note 4:

analog input channel is selected (changed) this acqui-
sition must be done before the conversion can be
started.

To calculate the minimum acquisition time,

Note 3:

itself out.

not discharged after each conversion.

cation.

Equation 12-1 may be used. This equation assumes

that 1/2 LSb error is used (512 steps for the A/D). The EXAMPLE 12-1: CALCULATING THE

1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

MINIMUM REQUIRED
SAMPLE TIME

TAcQ = Amplifier Settling Time +
EQUATION 12-1: ?I/'\aé\/IINIMUM CHARGING Holding Capacitor Charging Time +
Temperature Coefficient
VHOLD = (VREF - (VREF/512)) » (1 - e(‘TE/CHOLD(RIC + RsS + Rs)),) P
or TACQ = 5 ps + Tc + [(Temp - 25°C)(0.05 ps/°C)]
Tc = -(51.2 pF)(L kQ + Rss + Rs) In(1/511) Tc=  -CHoLD (RIC + Rss + Rs) In(1/512)
Example 12-1 shows the calculation of the minimum -51.2 pF (1 kQ + 7 kQ + 10 kQ) In(0.0020)
required acquisition time (TAcQ). This calculation is -51.2 pF (18 kQ) In(0.0020)
based on the following system assumptions. -0.921 s (-6.2146)
Rs=10ka 5.724 ps
1/2 LSb error TACQ = 5 s + 5.724 s + [(50°C - 25°C)(0.05 us/°C)]
VDD =5V — Rss =7 kQ 10.724 ps + 1.25 ps
Temp (system max.) = 50°C 11.974 ps
VHOLD=0@ t=0
FIGURE 12-4: ANALOG INPUT MODEL
Vep Sampling
Switch
vr=06v .o,
Ric<1lk +SS Rss:
AVAVAV :‘ o\ :
------- CHOLg )
VT = 0.6V nggléangg L ; SDf\Z r():'a:\pacnance
__VSS
Legend CPIN = input capacitance
VT = threshold voltage gx \
| leakage = leakage current at the pin due to VDD 4V.
various junctions 3V
RiC = interconnect resistance 2V
SS = sampling switch
CHoLD = sample/hold capacitance (from DAC) 567891011

Sampling Switch
(kQ)
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The reference voltage (VREF) has no
effect on the equation, since it cancels

The charge holding capacitor (CHOLD) is

The maximum recommended impedance
for analog sources is 10 kQ. This is
required to meet the pin leakage specifi-

After a conversion has completed, a
2.0 TAD delay must complete before
acquisition can begin again. During this
time the holding capacitor is not con-
nected to the selected A/D input channel.
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12.2 Selecting the A/D Conversion Clock

The A/D conversion time per bit is defined as TAD. The
A/D conversion requires 9.5 TAD per 8-bit conversion.
The source of the A/D conversion clock is software
selected. The four possible options for TAD are:

e 2Tosc
» 8Tosc
» 32Tosc
« Internal RC oscillator
For correct A/D conversions, the A/D conversion clock

(TAD) must be selected to ensure a minimum TAD time
of 1.6 ps.

Table 12-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

12.3 Configuring Analog Port Pins

The ADCON1 and TRISA registers control the opera-
tion of the A/D port pins. The port pins that are desired
as analog inputs must have their corresponding TRIS
bits set (input). If the TRIS bit is cleared (output), the
digital output level (VoH or VoL) will be converted.

The A/D operation is independent of the state of the
CHS2:CHSO bits and the TRIS bits.

Note 1: When reading the port register, all pins
configured as analog inputs will read as
cleared (a low level). Pins configured as
digital inputs, will convert an analog input.
Analog levels on a digitally configured
input will not affect the conversion accu-
racy.

Note 2: Analog levels on any pin that is defined as
a digital input (including the AN4:ANO
pins), may cause the input buffer to con-
sume current that is out of the devices
specification.

TABLE 12-1: TAD vs. DEVICE OPERATING FREQUENCIES
A/D Clock Source (TAD) Device Frequency
Operation ADCS1:ADCS0 8 MHz 5 MHz 1.25 MHz 333.33 kHz
2Tosc 00 250 ns®@ 400 ns® 1.6 us 6 s
8Tosc 01 1ps 1.6 ps 6.4 s 24 ps®
32Tosc 10 4 ps 6.4 s 25.6 us® 96 ps®
RC 11 2-6 pst9 2 -6 us®9 2-6 us@®4 2-6us®

Note 1: The RC source has a typical TAD time of 4 ps.

2: These values violate the minimum required TAD time.

3: For faster conversion times, the selection of another clock source is recommended.
4: While in RC mode, with device frequency above 1 MHz, conversion accuracy is out of specification.
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12.4 A/D Conversions

Example 12-2 show how to perform an A/D conversion.
The RA pins are configured as analog inputs. The ana-
log reference (VREF) is the device VDD. The A/D inter-
rupt is enabled, and the A/D conversion clock is FRc.
The conversion is performed on the RAO channel.

Note: The GO/DONE bit should NOT be set in

the same instruction that turns on the A/D.

EXAMPLE 12-2: DOING AN A/D CONVERSION

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The ADRES register will
NOT be updated with the partially completed A/D con-
version sample. That is, the ADRES register will con-
tinue to contain the value of the last completed
conversion (or the last value written to the ADRES reg-
ister). After the A/D conversion is aborted, a 2TAD wait
is required before the next acquisition is started. After
this 2TAD wait, an acquisition is automatically started
on the selected channel.

BCF STATUS, RP1 ; Select Bank 1

BSF STATUS, RPO ;

CLRF ADCONL ; Configure A/Dinputs

BSF Pl E1, AD E ; Enable AADinterrupts

BCF STATUS, RPO ; Select Bank 0

MOVLW  OxCl ; RCQAock, ADis on, Channel 0 is selected
MOWWF  ADCONO ;

BCF PIRL, AD F ; Qear ADinterrupt flag bit

BSF I NTOON, PEIE ; Enabl e peripheral interrupts

BSF INTGON, G E ; Enable all interrupts

; Ensure that the required acquisition time for the selected input channel has el apsed.

; Then the conversion may be started.

BSF ADCOND, QO ; Start A/D Conversion
: ; The ADIF bit will

be set and the GO DONE bit

; is cleared upon conpl etion of the A/D Conversion.
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12.41 FASTER CONVERSION - LOWER
RESOLUTION TRADE-OFF

Not all applications require a result with 8-bits of reso-
lution, but may instead require a faster conversion
time. The A/D module allows users to make the
trade-off of conversion speed to resolution. Regardless
of the resolution required, the acquisition time is the
same. To speed up the conversion, the clock source of
the A/D module may be switched so that the TAD time
violates the minimum specified time (see the applicable
electrical specification). Once the TAD time violates the
minimum specified time, all the following A/D result bits
are not valid (see A/D Conversion Timing in the Electri-
cal Specifications section.) The clock sources may only
be switched between the three oscillator versions (can-
not be switched from/to RC). The equation to deter-
mine the time before the oscillator can be switched is
as follows:

Conversion time = 2TAD + N ¢ TAD + (8 - N)(2Tosc)
Where: N = number of bits of resolution required.

EXAMPLE 12-3: 4-BIT vs. 8-BIT CONVERSION TIMES

Since the TAD is based from the device oscillator, the
user must use some method (a timer, software loop,
etc.) to determine when the A/D oscillator may be
changed. Example 12-3 shows a comparison of time
required for a conversion with 4-bits of resolution, ver-
sus the 8-bit resolution conversion. The example is for
devices operating at 8 MHz (The A/D clock is pro-
grammed for 32Tosc), and assumes that immediately
after 6TAD, the A/D clock is programmed for 2Tosc.

The 2Tosc violates the minimum TAD time, therefore
the last 4-bits will not be converted to correct values.

Resolution
Freq. (MHz) 4-bit 8-bit
TAD 1.6 s 1.6 pus
Tosc 12.5ns 125 ns
2TAD + N ¢ TAD + (8 - N)(2Tosc) 8 10.6 ps 16 us
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12.5 A/D Operation During Sleep

The A/D module can operate during SLEEP mode. This
requires that the A/D clock source be set to RC
(ADCS1:ADCSO = 11). When the RC clock source is
selected, the A/D module waits one instruction cycle
before starting the conversion. This allows the SLEEP
instruction to be executed, which eliminates all digital
switching noise from the conversion. When the conver-
sion is completed the GO/DONE bit will be cleared, and
the result loaded into the ADRES register. If the A/D
interrupt is enabled, the device will wake-up from
SLEEP. If the A/D interrupt is not enabled, the A/D mod-
ule will then be turned off, although the ADON bit will
remain set.

When the A/D clock source is another clock option (not
RC), a SLEEPinstruction will cause the present conver-
sion to be aborted and the A/D module to be turned off,
though the ADON bit will remain set.

Turning off the A/D places the A/D module in its lowest
current consumption state.

Note: For the A/D module to operate in SLEEP,
the A/D clock source must be set to RC
(ADCS1:ADCSO0 = 11). To perform an A/D
conversion in SLEEP, the GO/DONE bit
must be set, followed by the SLEEP
instruction.

12.6  A/D Accuracy/Error

The overall accuracy of the A/D is less than + 1 LSb for
VDD =5V + 10% and the analog VREF = VDD. This over-
all accuracy includes offset error, full scale error, and
integral error. The A/D converter is guaranteed to be
monotonic. The resolution and accuracy may be less
when either the analog reference (VDD) is less than
5.0V or when the analog reference (VREF) is less than
VDD.

The maximum pin leakage currentis £ 5 pA.

In systems where the device frequency is low, use of
the A/D internal RC clock is preferred. At moderate to
high frequencies, TAD should be derived from the
device oscillator. TAD must not violate the minimum
and should be < 8 ps for preferred operation. This is
because TaD, when derived from Tosc, is kept away
from on-chip phase clock transitions. This reduces, to
a large extent, the effects of digital switching noise.
This is not possible with the RC derived clock. The loss
of accuracy due to digital switching noise can be signif-
icant if many I/O pins are active.

In systems where the device will enter SLEEP mode
after the start of the A/D conversion, the RC clock
source selection is required. In this mode, the digital
noise from the modules in SLEEP are stopped. This
method gives high accuracy.

12.7 Effects of a RESET

A device reset forces all registers to their reset state.
This forces the A/D module to be turned off, and any
conversion is aborted. The value that is in the ADRES
register is not modified for a Power-on Reset. The
ADRES register will contain unknown data after a
Power-on Reset.

12.8 Use of the CCP Trigger

An A/D conversion can be started by the “special event
trigger” of the CCP1 module. This requires that the
CCP1M3:CCP1MO0O bits (CCP1CON<3:0>) be pro-
grammed as 1011 and that the A/D module is enabled
(ADON bit is set). When the trigger occurs, the
GO/DONE bit will be set, starting the A/D conversion,
and the Timerl counter will be reset to zero. Timerl is
reset to automatically repeat the A/D acquisition period
with minimal software overhead (moving the ADRES to
the desired location). The appropriate analog input
channel must be selected and the minimum acquisition
done before the *“special event trigger” sets the
GO/DONE bit (starts a conversion).

If the A/D module is not enabled (ADON is cleared),
then the “special event trigger” will be ignored by the
A/D module, but will still reset the Timerl counter.

12.9 Connection Considerations

If the input voltage exceeds the rail values (Vss or VDD)
by greater than 0.2V, then the accuracy of the conver-
sion is out of specification.

An external RC filter is sometimes added for anti-alias-
ing of the input signal. The R component should be
selected to ensure that the total source impedance is
kept under the 10 kQ recommended specification. Any
external components connected (via hi-impedance) to
an analog input pin (capacitor, zener diode, etc.) should
have very little leakage current at the pin.
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12.10 Transfer Function FIGURE 12-5: A/D TRANSFER FUNCTION
The ideal transfer function of the A/D converter is as fol-
lows: the first transition occurs when the analog input
voltage (VAIN) is 1 LSb (or Analog VREF / 256)
(Figure 12-5).
.. FFh
>
£ FEh
3
3
8
I
& 04h
03h
02h
01h
00h .
o0 o 9 o o o
nn v v n n ng
i B - dJ O
DA N ™ < n o
S Q& 83
—_— ~
Analog input voltage
FIGURE 12-6: FLOWCHART OF A/D OPERATION
ADON =0
Y
Start of A/ID Yes Finish Conversion
Conversion Delayed [———m —_— GO =0
1 Instruction Cycle ADIF = 1
No

. Abort Conversion Finish Conversiol Wake-up\\Yes
gfé’ég,',n GO = GO=0 From Sleep?, Wait 2 TAD | —@
' ADIF =0 ADIF =1
‘ '
Finish Conversion SLEEP . i
Go=0 Power-down A/D Wait 2 TAD p(?\,tvae);_lgoﬂﬁe D
ADIF =1
Y
Wait 2 TAD L
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TABLE 12-2: SUMMARY OF A/D REGISTERS

Address | Name Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit1 | Bito | Poworen | Vaueonal
Reset other Resets
0Bh, 8Bh, [ INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 0000 000u
10Bh, 18Bh
0Ch PIR1 LCDIF | ADIF - = SSPIF CCP1IF | TMR2IF | TMR1IF | 00-- 0000 00-- 0000
8Ch PIEL LCDIE | ADIE = = SSPIE | CCP1IE | TMR2IE | TMR1IE | 00-- 0000 00-- 0000
1Eh ADRES A/D Result Register XXXX XXXX uuuu uuuu
1Fh ADCONO | ADCS1 | ADCSO | CHS2 CHS1 CHSO | GO/DONE — ADON | 0000 00-0 0000 00-0
9Fh ADCON1 — — — — — PCFG2 | PCFG1 | PCFGO | ---- -000 ---- -000
05h PORTA = = RA5 RA4 RA3 RA2 RAL RAO --0x 0000 --0u 0000
85h TRISA — — TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAQ | --11 1111 --11 1111
Legend:  x =unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used for A/D conversion.
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13.0 LCD MODULE Once the module is initialized for the LCD panel, the
individual bits of the LCD data registers are cleared/set

The LCD module generates the timing control to drive to represent a clear/dark pixel respectively.

a static or multiplexed LCD panel, with support for up to

32 segments multiplexed with up to 4 commons. It also Once the module is configured, the LCDEN
provides control of the LCD pixel data. (LCDCON<T7>) bit is used to enable or disable the LCD

) . . module. The LCD panel can also operate during sleep
The interface to the module consists of 3 control regis- by clearing the SLPEN (LCDCON<6>) bit.

ters (LCDCON, LCDSE, and LCDPS) used to define
the timing requirements of the LCD panel and up to 16
LCD data registers (LCD00-LCD15) that represent the
array of the pixel data. In normal operation, the control
registers are configured to match the LCD panel being
used. Primarily, the initialization information consists of
selecting the number of commons required by the LCD
panel, and then specifying the LCD Frame clock rate to
be used by the panel.

FIGURE 13-1: LCDCON REGISTER (ADDRESS 10Fh)

R/W-0 R/W-0 U R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
| LCDEN | SLPEN | — | VGEN | Cs1 | CSo | LMUX1 | LMUXO0 | R =Readable bit
U =Unimplemented bit,
Read as ‘O’

-n =Value at POR reset

bit 7: LCDEN: Module drive enable bit
1 = LCD drive enabled
0 = LCD drive disabled

bit 6: SLPEN: LCD display sleep enable

1 = LCD module will stop operating during SLEEP

0 = LCD module will continue to display during SLEEP
bit 5:  Unimplemented: Read as '0'

bit 4: VGEN: Voltage Generator Enable
1 = Internal LCD Voltage Generator Enabled, (powered-up)
0 = Internal LCD Voltage Generator powered-down, voltage is expected to be provided externally

bit 3-2: CS1:CS0: Clock Source Select bits
00 = Fosc/256
01 = TA1CKI (Timerl)
1x = Internal RC oscillator
bit 1-0: LMUX1:LMUXO0: Common Selection bits
Specifies the number of commons and the bias method

LMUX1:LMUXO0 MULTIPLEX BIAS Max # of Segments
00 Static (COMO) Static 32
01 1/2  (COMO, 1) 1/3 31
10 1/3  (COMO, 1, 2) 1/3 30
11 1/4  (COMO, 1, 2,3) |1/3 29
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FIGURE 13-2: LCD MODULE BLOCK DIAGRAM

Data Bus

T~

LCD
RAM
32x4

128
to
32

MUX

SEG<31:0>

TO I/O PADS

ul

Timing Control
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T1CKI
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LCDSE

COM3:COMO

> TO I/O PADS

Y

Clock
Source
Select
and
Divide

FIGURE 13-3: LCDPS REGISTER (ADDRESS 10Eh)

bit 7-4: Unimplemented, read as '0'
bit 3-0: LP3:LPO: Frame Clock Prescale Selection bits

u u u U RW-O RMWO RMW-0 RMW-0
| — | — | — | — | tps | tr2 | 1 | LPo | |R =Readable bit
bit7 bit0 W =Writable bit

U =Unimplemented bit, Read as ‘0’
-n =Value at POR reset

LMUX1:LMUXO Multiplex Frame Frequency =
00 Static Clock source / (128 * (LP3:LPO + 1))
01 1/2 Clock source / (128 * (LP3:LPO + 1))
10 1/3 Clock source / (96 *  (LP3:LPO + 1))
11 1/4 Clock source / (128 * (LP3:LPO + 1))
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FIGURE 13-4 WAVEFORMS IN 1/4 MUX DRIVE
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13.1 LCDTiming

The LCD module has 3 possible clock source inputs
and supports static, 1/2, 1/3, and 1/4 multiplexing.

13.1.1 TIMING CLOCK SOURCE SELECTION

The clock sources for the LCD timing generation are:

* Internal RC oscillator
* Timerl oscillator
» System clock divided by 256

The first timing source is an internal RC oscillator which
runs at a nominal frequency of 14 kHz. This oscillator
provides a lower speed clock which may be used to
continue running the LCD while the processor is in
sleep. The RC oscillator will power-down when it is not
selected or when the LCD module is disabled.

FIGURE 13-5: LCD CLOCK GENERATION

The second source is the Timerl external oscillator.
This oscillator provides a lower speed clock which may
be used to continue running the LCD while the proces-
sor is in sleep. It is assumed that the frequency pro-
vided on this oscillator will be 32 kHz. To use the
Timerl oscillator as a LCD module clock source, it is
only necessary to set the TLOSCEN (T1CON<3>) bhit.

The third source is the system clock divided by 256.
This divider ratio is chosen to provide about 32 kHz
output when the external oscillator is 8 MHz. The
divider is not programmable. Instead the LCDPS regis-
ter is used to set the LCD frame clock rate.

All of the clock sources are selected with bits CS1:CS0
(LCDCON<3:2>). Refer to Figure 13-1 for details of the
register programming.

Fosc

TMR1 32 kHz
crystal oscillator

12

Static

Internal RC oscillator 1/3 ar
Nominal Frc = 14 kHz 1/4
T T | LCDPS<3:0> | LMUX1:LMUXO
CS1:CSo LMUX1:LMUXO0 é
internal
data bus

O 4 o o
= = = =
O O O O
O O O O
+1,2,3,4

4-bit Programmable +32

Prescaler Ring Counter
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13.1.2 MULTIPLEX TIMING GENERATION TABLE 13-2: APPROX. FRAME FREQ IN Hz
. S . USING TIMER1 @ 32 kHz OR
The timing generation circuitry will generate 1 to 4 com- Fosc @ 8 MHz
mon clocks based on the display mode selected. The
mode is specified by bits LMUX1:LMUXO LP3:LPO Static 1/2 1/3 1/4
(LCDCONK<1:0>). Table 13-1 shows the formulas for i
calculating the frame frequency. 2 85 85 114 85
3 64 64 85 64
TABLE 13-1: FRAME FREQUENCY
FORMULAS 4 51 51 68 51
5 43 43 57 43
Multiplex | Frame Frequency =
6 37 37 49 37
Static Clock source / (128 * (LP3:LPO + 1))
7 32 32 43 32
1/2 Clock source / (128 * (LP3:LPO + 1))

/3 |Clocksource /(96 *(LP3:LPO+ 1)) TABLE 13-3: APPROX. FRAME FREQ IN Hz

1/4 Clock source / (128 * (LP3:LPO + 1)) USING INTERNAL RC OSC @
14 kHz
LP3:LPO Static 1/2 1/3 1/4
0 109 109 146 109
1 55 55 73 55
2 36 36 49 36
3 27 27 36 27
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13.2 LCD Interrupts

The LCD timing generation provides an interrupt that
defines the LCD frame timing. This interrupt can be
used to coordinate the writing of the pixel data with the
start of a new frame. Writing pixel data at the frame
boundary allows a visually crisp transition of the image.
This interrupt can also be used to synchronize external
events to the LCD. For example, the interface to an
external segment driver, such as a Microchip AY0438,
can be synchronized for segment data update to the
LCD frame.

A new frame is defined to begin at the leading edge of
the COMO common signal. The interrupt will be set
immediately after the LCD controller completes
accessing all pixel data required for a frame. This will
occur at a certain fixed time before the frame boundary
as shown in Figure 13-6. The LCD controller will begin
to access data for the next frame within Trwr after the
interrupt.

FIGURE 13-6: EXAMPLE WAVEFORMS IN 1/4 MUX DRIVE

COMO

Trwr = TFRAME/(LMUX1:LMUXO + 1)

TrNT = (TFWR /2 - (2Tcy + 40 ns)) - min.
(TFwr /2 - (1Tcy + 40 ns)) — max.

CcomM1 4,—’7 V2
4,_!—\_1—I_F vi
' VO

LCD Controller accesses
Interrupt next frame data
occurs .
.l l V3
g V2
. ! V1
X : : VO
: ' X V3

V3

com2 4,_\—,_,7 V2
X 4,—,—‘—,7 V1
: ; : ' VO
: ! ' i V3
COM3 MI : V2
: , 4,—,7 V1
: - , )
. 1 Frame : ; >,
1 '« : o
' TrRINT l
Frame - > Frame
Boundary TFWR ' Boundary
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13.3 Pixel Control

13.3.1 LCDD (PIXEL DATA) REGISTERS

The pixel registers contain bits which define the state of
each pixel. Each bit defines one unique pixel.

FIGURE 13-7: GENERIC LCDD REGISTER LAYOUT

Table 13-4 shows the correlation of each bit in the
LCDD registers to the respective common and seg-
ment signals.

Any LCD pixel location not being used for display can
be used as general purpose RAM.

bit 7-0: SEGsCOMc: Pixel Data Bit for segment s and common ¢
1 = Pixel on (dark)
0 = Pixel off (clear)

R/W-x R/W-x R/W-x  R/W-x R/W-x R/W-x R/W-x R/W-x
SEGs SEGs SEGs SEGs SEGs SEGs SEGs SEGs R =Readable bit
COMc COMc | COMc | COMc COMc COMc COMc COMc W =Writable bit
bit7 bit0 U =Unimplemented bit,
Read as ‘0’

-n =Value at POR reset
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13.4 Operation During Sleep

The LCD module can operate during sleep. The selec-
tion is controlled by bit SLPEN (LCDCON<6>). Setting
the SLPEN bit allows the LCD module to go to sleep.
Clearing the SLPEN bit allows the module to continue
to operate during sleep.

If a SLEEP instruction is executed and SLPEN ='1', the
LCD module will cease all functions and go into a very
low current consumption mode. The module will stop
operation immediately and drive the minimum LCD
voltage on both segment and common lines. Figure
13-8 shows this operation. To ensure that the LCD
completes the frame, the SLEEP instruction should be
executed immediately after a LCD frame boundary.

The LCD interrupt can be used to determine the frame
boundary. See Section 13.2 for the formulas to calcu-
late the delay.

If a SLEEP instruction is executed and SLPEN ='0', the
module will continue to display the current contents of
the LCDD registers. To allow the module to continue
operation while in sleep, the clock source must be
either the internal RC oscillator or Timerl external
oscillator. While in sleep, the LCD data cannot be
changed. The LCD module current consumption will
not decrease in this mode, however the overall con-
sumption of the device will be lower due to shutdown of
the core and other peripheral functions.

Note: The internal RC oscillator or external
Timerl oscillator must be used to operate

the LCD module during sleep.

FIGURE 13-8: SLEEP ENTRY/EXIT WHEN SLPEN =1 OR CS1:CS0 = 00
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13.4.1 SEGMENT ENABLES EXAMPLE 13-1:. STATIC MUX WITH 32
The LCDSE register is used to select the pin function SEGMENTS
for groups of pins. The selection allows each group of BCF  STATUS, RP0  ; Sel ect Bank 2
pins to operate as either LCD drivers or digital only BSF  STATUS, RP1 |
pins. To configure the pins as a digital port, the corre- BOF  LODOON LMUXL ; Select Static MX
sponding bits in the LCDSE register must be cleared. BCE  LODOCN, LMD ;
MOVLW OxFF ; Make PortD E F, G
If the pin is a digital /0O the corresponding TRIS bit con- MOWE LCDSE : LCD pi ns
trols the data direction. Any bit set in the LCDSE regis- Co ;configure rest of LCD
ter overrides any bit settings in the corresponding TRIS
register. EXAMPLE 13-2: 1/3 MUX WITH 13
Note 1: On a Power-on Reset these pins are con- SEGMENTS
figured as LCD drivers. BCF STATUS, RPO : Sel ect Bank 2
Note 2: The LMUX1:LMUXO takes precedence BSF  STATUS, RPL
over the LCDSE bit settings for pins RD7, BSF  LCDOON LMXI ; Select 1/3 MX
RD6 and RD5. BCF  LCDOON, LMXO
MOVLW 0x87 ; Make PORTD<7: 0> &

MOWAF LCDSE ; PORTE<6: 0> LCD pi ns
R ;configure rest of LCD

FIGURE 13-9: LCDSE REGISTER (ADDRESS 10Dh)

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

| sE20 | sE27 | sE20 | sE16 | sE12 | SsE9 | sEs | SEo | |R=Readable bit

bit7 bito W =Wr_|table bit _
U =Unimplemented bit,
Read as ‘O’
-n =Value at POR reset

bit 7.  SE29: Pin function select RD7/COM1/SEG31 - RD5/COM3/SEG29
1 = pins have LCD drive function
0 = pins have digital Input function
The LMUX1:LMUXO setting takes precedence over the LCDSE register.

bit 6: SE27: Pin function select RG7/SEG28 and RE7/SEG27
1 = pins have LCD drive function
0 = pins have digital Input function

bit 5:  SEZ20: Pin function select RG6/SEG26 - RGO/SEG20

1 = pins have LCD drive function
0 = pins have digital Input function

bit 4:  SE16: Pin function select RF7/SEG19 - RF4/SEG16
1 = pins have LCD drive function
0 = pins have digital Input function

bit 3:  SE12: Pin function select RF3/SEG15 - RFO/SEG12
1 = pins have LCD drive function
0 = pins have digital Input function

bit 2:  SE9: Pin function select RE6/SEG11 - RE4/SEG09
1 = pins have LCD drive function
0 = pins have digital Input function

bit 1:  SE5: Pin function select RE3/SEG08 - REO/SEG05
1 = pins have LCD drive function
0 = pins have digital Input function

bit 0: SEO: Pin function select RD4/SEG04 - RDO/SEGO00

1 = pins have LCD drive function
0 = pins have digital I/O function
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13.5 Voltage Generation

There are two methods for LCD voltage generation,
internal charge pump, or external resistor ladder.

1351 CHARGE PUMP

The LCD charge pump is shown in Figure 13-10. The
1.0V - 2.3V regulator will establish a stable base volt-
age from the varying battery voltage. This regulator is
adjustable through the range by connecting a variable
external resistor from VLCDADJ to ground. The poten-
tiometer provides contrast adjustment for the LCD. This
base voltage is connected to Vicpl on the charge
pump. The charge pump boosts Vicpl into Vicp2 =

FIGURE 13-10: CHARGE PUMP BLOCK DIAGRAM

2*Viepl and Viep3 =3 * Viepl. When the charge pump
is not operating, Vlcd3 will be internally tied to Vop. See
the Electrical Specifications section for charge pump
capacitor and potentiometer values.

Note: The LCD charge pump is under develop-
ment. To minimize risk, designs should
accommodate both the charge pump and

the external resistor ladder.

C) 10 pA
nominal

Charge Pump

LCDEN
—— SLPLEN

Vicpl Vicp2

VLCDADJ

Rvabg CELPC CELPC

-

CELPC

T

Vicp3

-

See Electrical Specifications section for component values (parameter numbers D260 and D271).

C1

CELPC
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13.5.2 EXTERNAL R-LADDER

The LCD module can also use an external resistor lad-
der (R-Ladder) to generate the LCD voltages.
Figure 13-11 shows external connections for static and
1/3 bias. The VGEN (LCDCON<4>) bit must be cleared
to use an external R-Ladder.

FIGURE 13-11: EXTERNAL RESISTOR LADDER CONNECTION

Optional 1/3 Bias
Filter

Caps

gc R/3 §

Static Bias

g c RvaDJ RvaDpJ

\Y \Y

The values for R and C are application dependent.

Inputs

—— Vicp2

—— Vwenl
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13.6  Configuring the LCD Module - Timing source, bits CS1:CS0
- Voltage generation, bit VGEN
- Sleep mode, bit SLPEN

) . 4. Write initial values to pixel data registers,
1. Select the frame clock prescale using bits LCDDOO through LCDD15.

LPS:,LPO (LCDPS<3:O>,)' . . 5. Clear LCD interrupt flag, LCDIF (PIR1<7>), and
2. Configure the appropriate pins to function as if desired, enable the interrupt by setting bit

The following is the sequence of steps to follow to con-
figure the LCD module.

segment drivers using the LCDSE register. LCDIE (PIE1<7>).
3. Configure the LCD module for the following 6. Enable the LCD module, by setting bit LCDEN
using the LCDCON register. (LCDCON<7>).

- Multiplex mode and Bias, bits LMUX1:LMUXO

TABLE 13-4: SUMMARY OF REGISTERS ASSOCIATED WITH THE LCD MODULE

Value on | Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on | all other
Reset Resets

0Bh, 8Bh, |\\rcon | GiE PEIE TOIE INTE RBIE ToIF INTF RBIF | 0000 000x | 0000 000U

10Bh, 18Bh

och PIR1 LCDIF | ADIF® — — SSPIF | ccPuF | TMR2IF | TMRLIF | 00-- 0000 | 00-- 0000

8ch PIEL LCDIE | ADIE® — _ SSPIE | CCPLIE | TMR2IE | TMRLIE | 00-- 0000 | 00-- 0000

10h T1CON — — | T1cKPS1 | T1CKPSO | TLOSCEN | TISYNC | TMRLCS | TMRION | --00 0000 | --uu uuuu

10Dh LCDSE | SE29 | SE27 | SE20 SE16 SE12 SE9 SE5 SEO | 1111 1111 | 1111 1111

10Eh LCDPS — — — — LP3 LP2 Lp1 LPO | ---- 0000 | ---- 0000

10Fh LCDCON | LCDEN | SLPEN — VGEN cs1 €S0 | LtMuxi | Lmuxo | 00-0 0000 | 00-0 0000
SEGO7 | SEGO6 | SEGO5 | SEGO4 | SEG03 | SEG02 | SEGOL | SEG0O

110h LCDDO0 | ‘=opmo | como | como | como | como | como | como | comp |00 00| uuuduuuu

1 Lcobo1 | SEG15 | SEG14 | SEGI3 | SEG12 | SEGLL | SEG10 | SEGO9 | SEGO8 | . ... oo
como | como | como | como | como | como | como | como

11oh Lcopoz | SEG23 | SEG22 | SEG21 | SEG20 | SEG19 | SEGI8 | SEGL7 | SEG16 | ... | oo
como | como | como | como | como | como | como | como

13h Lcbpo3 | SEG31 | SEG30 | SEG29 | SEG28 | SEG27 | SEG26 | SEG25 | sEG24 | .o |
como | como | como | como | como | como | como | como

1an Lcbpos | SEGO7 | SEGO6 | SEGOs | SEGO4 | SEGO3 | SEGO2 | SEGOL | SEGOO | .. | oo
comL | comi | comi | comi | comi | comi | comi | comi

s Lcbbos | SEG15 | SEG1a | SEG13 | SEGI2 | SEGU | SEG10 | SEGO9 | SEGO8 | .. | ..o
comL | comi | comi | comi | comi | comi | comi | comi

116h Lcopos | SEG23 | SEG22 | SEG21 | SEG20 | SEG19 | SEGI8 | SEG17 | SEG16 | . | .o
comi | comi | comi | comi | comi | comi | comi | comi

a7h Lcoboy | SEG3L | SEG30 | SEG29 | SEG28 | SEG27 | SEG26 | SEG25 | SEG24 | .. |
comi® | comi | comi | comi coM1 | comi | comi | comi
SEGO7 | SEGO6 | SEGO5 | SEGO4 | SEGO3 | SEG02 | SEGOL | SEG00

118h LCDDO08 | ‘~omp | com2 | com2 | com2 | com2 | com2 | com2 | comp |00 00| uuuduuuu

1oh LcDboo | SEGI15 | SEG14 | SEGI3 | SEG12 | SEGIL | SEG10 | SEG09 | SEGOS | ... oo
com2 | com2 | com2 | com2 | com2 | com2 | com2 | com2

A LcoD1o | SEG23 | SEG22 | SEG21 | SEG20 | SEG19 | SEGI8 | SEGL7 | SEG16 | ... | oo
com2 | com2 | com2 | com2 | com2 | com2 | com2 | com2

- Lcopi1 | SEG3L | SEG30 | SEG29 | SEG28 | SEG27 | SEG26 | SEG25 | SEG24 | .. |
com2®@ | com2® | com2 COM2 COM2 COoM2 | com2 COM2
SEGO7 | SEGO6 | SEGO5 | SEGO4 | SEG03 | SEG02 | SEGOL | SEG00

11Ch LCDD12 | oom3 | com3 | com3 | cows COM3 | COM3 | COM3 | comsz | 00 00| uuuu uuuu

1Dh Lcop1s | SEGI5 | SEG14 | SEGI3 | SEG12 | SEGLL | SEG10 | SEG09 | SEGOS | . ... | oo
com3 | com3 | coms | com3s | coms | coms | coms | coms

e LcbD14 | SEG23 | SEG22 | SEG21 | SEG20 | SEG19 | SEGI8 | SEGL7 | SEG16 | ... | oo
com3 | com3 | com3 | com3s | coms | coms | coms | coms

. Lcob1s | SEG3L | SEG30 | SEG29 | SEG28 | SEG27 | SEG26 | SEG25 | SEG24 | .. |
com3® | com3@ | com3® | coms COM3 CcCoM3 | coM3 | CcOM3

Legend: x =unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used by the LCD Module.

Note 1: These bits are reserved on the PIC16C923, always maintain these bits clear.
2: These pixels do not display, but can be used as general purpose RAM.
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14.0 SPECIAL FEATURES OF THE
CPU

What sets a microcontroller apart from other proces-
sors are special circuits to deal with the needs of
real-time applications. The PIC16CXX family has a
host of such features intended to maximize system reli-
ability, minimize cost through elimination of external
components, provide power saving operating modes
and offer code protection. These are:
 Oscillator selection
* Reset

- Power-on Reset (POR)

- Power-up Timer (PWRT)

- Oscillator Start-up Timer (OST)
* Interrupts
» Watchdog Timer (WDT)
e SLEEP
« Code protection
* ID locations
* In-circuit serial programming
The PIC16CXX has a Watchdog Timer which can be
shut off only through configuration bits. It runs off its
own RC oscillator for added reliability. There are two
timers that offer necessary delays on power-up. One is
the Oscillator Start-up Timer (OST), intended to keep

FIGURE 14-1: CONFIGURATION WORD

the chip in reset until the crystal oscillator is stable. The
other is the Power-up Timer (PWRT), which provides a
fixed delay of 72 ms (nominal) on power-up only,
designed to keep the part in reset while the power sup-
ply stabilizes. With these two timers on-chip, most
applications need no external reset circuitry.

SLEEP mode is designed to offer a very low current
power-down mode. The user can wake-up from SLEEP
through external reset, Watchdog Timer Wake-up or
through an interrupt. Several oscillator options are also
made available to allow the part to fit the application.
The RC oscillator option saves system cost while the
LP crystal option saves power. A set of configuration
bits are used to select various options.

141

The configuration bits can be programmed (read as '0")
or left unprogrammed (read as 'l") to select various
device configurations. These bits are mapped in pro-
gram memory location 2007h.

Configuration Bits

The user will note that address 2007h is beyond the
user program memory space. In fact, it belongs to the
special test/configuration memory space (2000h -
3FFFh), which can be accessed only during program-
ming.

| CP1 | CPO | CP1 | CPO | CP1 | CPO | — | — | CP1 | CPO |PWRTE|WDTE|FOSC1|FOSCO|

Register: CONFIG

bit13

bit 13-8 CP1:CP0 Code protection bits (1)
5-4: 11 = Code protection off
10 = Upper half of program memory code protected
01 = Upper 3/4 of program memory code protected
00 = All memory is code protected

bit 6: Unimplemented: Read as '1'
bit 3: PWRTE: Power-up Timer Enable bit
1 = PWRT disabled
0 = PWRT enabled
bit 2: WDTE: Watchdog Timer Enable bit
1 =WDT enabled
0 = WDT disabled
bit 1-0: FOSC1:FOSCO: Oscillator Selection bits

11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

Note 1: All of the CP1:CPO bits have to be given the same value to enable the code protection scheme listed.

Address 2007h

bito

0 1996 Microchip Technology Inc.
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14.2  Oscillator Configurations

1421 OSCILLATOR TYPES

The PIC16CXX can be operated in four different oscil-
lator modes. The user can program two configuration
bits (FOSC1 and FOSCO) to select one of these four
modes:

 LP Low Power Crystal
e XT Crystal/Resonator
e HS High Speed Crystal/Resonator
* RC Resistor/Capacitor

14.2.2 CRYSTAL OSCILLATOR/CERAMIC
RESONATORS

In XT, LP or HS modes a crystal or ceramic resonator
is connected to the OSC1/CLKIN and OSC2/CLKOUT
pins to establish oscillation (Figure 14-2). The
PIC16CXX oscillator design requires the use of a par-
allel cut crystal. Use of a series cut crystal may give a
frequency out of the crystal manufacturers specifica-
tions. When in XT, LP or HS modes, the device can
have an external clock source to drive the
OSC1/CLKIN pin (Figure 14-3).

FIGURE 14-2: CRYSTAL/CERAMIC
RESONATOR OPERATION
(HS, XT OR LP
OSC CONFIGURATION)

| 0SC1| {>0
—s
Cc1 To internal
logic
—J

XTAL IgRF SLEEP
= osc2| *
RS
c2 Notel PIC16CXX

See Table 14-1 and Table 14-2 for recommended
values of C1 and C2.

Note 1: A series resistor may be required for AT
strip cut crystals.

FIGURE 14-3: EXTERNAL CLOCK INPUT
OPERATION (HS, XT OR LP
OSC CONFIGURATION)

Clock from ~|>o—> 0OSC1
ext. system PIC16CXX

Open -«— OSC2

TABLE 14-1:

CERAMIC RESONATORS

Ranges Tested:

Mode Freq OSsC1 0oscC2
XT 455 kHz 68 - 100 pF 68 - 100 pF
2.0 MHz 15 - 68 pF 15 - 68 pF
4.0 MHz 15 - 68 pF 15 - 68 pF
HS 8.0 MHz 10 - 68 pF 10 - 68 pF

Note: Recommended values of C1 and C2 are identical to
the ranges tested table.

Higher capacitance increases the stability of oscil-
lator but also increases the start-up time. These
values are for design guidance only. Since each
resonator has its own characteristics, the user
should consult the resonator manufacturer for
appropriate values of external components.

Resonators Used:

455 kHz | Panasonic EFO-A455K04B |+ 0.3%
2.0 MHz |Murata Erie CSA2.00MG +0.5%
4.0 MHz | Murata Erie CSA4.00MG +0.5%
8.0 MHz | Murata Erie CSA8.00MT +0.5%

All resonators used did not have built-in capacitors.

TABLE 14-2:. CAPACITOR SELECTION
FOR CRYSTAL OSCILLATOR
Mode Freq 0OscC1 0scC2

LP 32 kHz® | 15-47pF 15 - 47 pF
200 kHz 15 - 33 pF 15 - 33 pF

XT 100 kHz | 47-100pF | 47 - 100 pF
500 kHz 20 - 68 pF 20 - 68 pF

1 MHz 15 - 68 pF 15 - 68 pF

2 MHz 15 - 47 pF 15 - 47 pF

4 MHz 15 - 33 pF 15 - 33 pF

HS 8 MHz 15 - 47 pF 15 - 47 pF

Note: Higher capacitance increases the stability of oscil-
lator but also increases the start-up time. These
values are for design guidance only. Rs may be
required in HS mode as well as XT mode to avoid
overdriving crystals with low drive level specifica-
tion. Since each crystal has its own characteristics,
the user should consult the crystal manufacturer for
appropriate values of external components.

Note 1: For VDD > 4.5V, C1 = C2 = 30 pF is recom-

mended.
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14.2.3 EXTERNAL CRYSTAL OSCILLATOR
CIRCUIT

Either a prepackaged oscillator can be used or a simple
oscillator circuit with TTL gates can be built. Prepack-
aged oscillators provide a wide operating range and
better stability. A well-designed crystal oscillator will
provide good performance with TTL gates. Two types
of crystal oscillator circuits can be used; one with series
resonance, or one with parallel resonance.

Figure 14-4 shows implementation of a parallel reso-
nant oscillator circuit. The circuit is designed to use the
fundamental frequency of the crystal. The 74AS04
inverter performs the 180-degree phase shift that a par-
allel oscillator requires. The 4.7 kQ resistor provides
the negative feedback for stability. The 10 kQ potenti-
ometer biases the 74AS04 in the linear region. This
could be used for external oscillator designs.

FIGURE 14-4: EXTERNAL PARALLEL
RESONANT CRYSTAL
OSCILLATOR CIRCUIT

+5V
To Other
% Devices
10k —
4.7k 74AS04 PIC16CXX
"V
74AS04 1 CLKIN

| /.é'lOk

XTAL

0t
o

20pF | 20pF

10k

Figure 14-5 shows a series resonant oscillator circuit.
This circuit is also designed to use the fundamental fre-
quency of the crystal. The inverter performs a
180-degree phase shift in a series resonant oscillator
circuit. The 330 kQ resistors provide the negative feed-
back to bias the inverters in their linear region.

FIGURE 14-5: EXTERNAL SERIES
RESONANT CRYSTAL
OSCILLATOR CIRCUIT

14.2.4 RC OSCILLATOR

For timing insensitive applications the “RC” device
option offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the resis-
tor (Rext) and capacitor (Cext) values, and the operat-
ing temperature. In addition to this, the oscillator
frequency will vary from unit to unit due to normal pro-
cess parameter variation. Furthermore, the difference
in lead frame capacitance between package types will
also affect the oscillation frequency, especially for low
Cext values. The user also needs to take into account
variation due to tolerance of external R and C compo-
nents used. Figure 14-6 shows how the R/C combina-
tion is connected to the PIC16CXX. For Rext values
below 2.2 kQ, the oscillator operation may become
unstable, or stop completely. For very high Rext values
(e.g. 1 MQ), the oscillator becomes sensitive to noise,
humidity and leakage. Thus, we recommend to keep
Rext between 3 kQ and 100 kQ.

Although the oscillator will operate with no external
capacitor (Cext = 0 pF), we recommend using values
above 20 pF for noise and stability reasons. With no or
small external capacitance, the oscillation frequency
can vary dramatically due to changes in external
capacitances, such as PCB trace capacitance or pack-
age lead frame capacitance.

See characterization data for desired device for RC fre-
quency variation from part to part due to normal pro-
cess variation. The variation is larger for larger R (since
leakage current variation will affect RC frequency more
for large R) and for smaller C (since variation of input
capacitance will affect RC frequency more).

See characterization data for desired device for varia-
tion of oscillator frequency due to VDD for given
Rext/Cext values as well as frequency variation due to
operating temperature for given R, C, and VDD values.

The oscillator frequency, divided by 4, is available on
the OSC2/CLKOUT pin, and can be used for test pur-
poses or to synchronize other logic (see Figure 3-3 for
waveform).

FIGURE 14-6: RC OSCILLATOR MODE

To Other
330 kQ 330 kQ Devices

74AS04 74AS04 T4AS04 PIC16CXX

CLKIN
0.1 pF

XTAL

1l

<
o)
o)

Rex

— AN

0sC1 | Internal
v clock
b PIC16CXX
~-—— OSC2/CLKOUT
Fosc/4

Cext
Vss

TH
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14.3 Reset

The PIC16CXX differentiates between various kinds of
reset:

* Power-on Reset (POR)

» MCLR Reset during normal operation

+ MCLR Reset during SLEEP

« WDT Reset (normal operation)

Some registers are not affected in any reset condition;
their status is unknown on POR and unchanged in any
other reset. Most other registers are reset to a “reset
state” on Power-on Reset (POR), on the MCLR and

WDT Reset, and on MCLR Reset during SLEEP. They
are not affected by a WDT Wake-up, which is viewed as

the resumption of normal operation. The TO and PD
bits are set or cleared differently in different reset situ-
ations as indicated in Table 14-4. These bits are used
in software to determine the nature of the reset. See
Table 14-6 for a full description of reset states of all reg-
isters.

A simplified block diagram of the on-chip reset circuit is
shown in Figure 14-7.

The devices all have a MCLR noise filter in the MCLR
reset path. The filter will detect and ignore small pulses.

It should be noted that a WDT Reset does not drive
MCLR pin low.

FIGURE 14-7: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

External

Reset
7

SLEEP
WDT | WDT —

Module [Time-out

VDD rise

detect

VoD Power-on Reset

\

OST/PWRT
OST

—

Chip_Reset

o | Y N
10-bit Ripple counter | —i/
osci "D_‘>

B

—

o PWRT
On-chi
F?ccolgc —|> 10-bit Ripple counter I—

Note 1: This is a separate oscillator from the RC
oscillator of the CLKIN pin.

Enable PWRT

Enable OST

See Table 14-3 for time-out situations.
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14.4 Power-on Reset (POR), Power-up
Timer (PWRT) and Oscillator Start-up

Timer (OST)
14.4.1 POWER-ON RESET (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected (in the range of 1.5V - 2.1V). To
take advantage of the POR, just tie the MCLR pin
directly (or through a resistor) to VbD. This will elimi-
nate external RC components usually needed to create
a Power-on Reset. A maximum rise time for VDD is
specified. See Electrical Specifications for details.

When the device starts normal operation (exits the
reset condition), device operating parameters (voltage,
frequency, temperature, ...) must be met to ensure
operation. If these conditions are not met, the device
must be held in reset until the operating conditions are
met.

For additional information, refer to Application Note
ANG607, “Power-up Trouble Shooting.”

14.4.2 POWER-UP TIMER (PWRT)

The Power-up Timer provides a fixed 72 ms nominal
time-out on power-up only, from the POR. The
Power-up Timer operates on an internal RC oscillator.
The chip is kept in reset as long as the PWRT is active.
The PWRT’s time delay allows VDD to rise to an accept-
able level. A configuration bit is provided to enable/dis-
able the PWRT.

The power-up time delay will vary from chip to chip due
to VDD, temperature, and process variation. See DC
parameters for details.

TABLE 14-3: TIME-OUT IN VARIOUS SITUATIONS

14.4.3 OSCILLATOR START-UP TIMER (OST)

The Oscillator Start-up Timer (OST) provides 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over. This ensures that the crystal oscil-
lator or resonator has started and stabilized.

The OST time-out is invoked only for XT, LP and HS
modes and only on Power-on Reset or wake-up from
SLEEP.

14.4.4 TIME-OUT SEQUENCE

On power-up the time-out sequence is as follows: First
PWRT time-out is invoked after the POR time delay has
expired. Then OST is activated. The total time-out will
vary based on oscillator configuration and the status of
the PWRT. For example, in RC mode with the PWRT
disabled, there will be no time-out at all. Figure 14-8,
Figure 14-9, and Figure 14-10 depict time-out
sequences on power-up.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire. Then
bringing MCLR high will begin execution immediately
(Figure 14-9). This is useful for testing purposes or to
synchronize more than one PIC16CXX device operat-
ing in parallel.

Table 14-5 shows the reset conditions for some special
function registers, while Table 14-6 shows the reset
conditions for all the registers.

14.45 POWER CONTROL/STATUS REGISTER
(PCON)

Bitl is Power-on Reset Status bit POR. It is cleared on
a Power-on Reset and unaffected otherwise. The user
must set this bit following a Power-on Reset.

Oscillator Configuration Power-up Wake-up from SLEEP
PWRTE =1 PWRTE =0
XT, HS, LP 1024Tosc 72 ms + 1024Tosc 1024 Tosc
RC — 72 ms —

0 1996 Microchip Technology Inc.
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TABLE 14-4: STATUS BITS AND THEIR SIGNIFICANCE
POR TO PD
0 1 1 Power-on Reset
0 0 X llegal, TO is set on POR
0 X 0 llegal, PD is set on POR
1 0 1 WDT Reset
1 0 0 WDT Wake-up
1 u u MCLR Reset during normal operation
1 1 0 MCLR Reset during SLEEP or interrupt wake-up from SLEEP

Legend: u = unchanged, x = unknown

TABLE 14-5: RESET CONDITION FOR SPECIAL REGISTERS
Conditon Counter Register Regiter
Power-on Reset 000h 0001 1xxx ---- --0-
MCLR Reset during normal operation 000h 000u uuuu - --u-
MCLR Reset during SLEEP 000h 0001 Ouuu T
WDT Reset 000h 0000 luuu ---- --U-
WDT Wake-up PC+1 uuu0 Ouuu ---- --U-
Interrupt wake-up from SLEEP pC +1® uuul Ouuu ceee --u-
Legend: u = unchanged, x = unknown, - = unimplemented bit read as '0".

Note 1: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded
with the interrupt vector (0004h).

TABLE 14-6: INITIALIZATION CONDITIONS FOR ALL REGISTERS
Register Applicable Devices Power-on Reset MCLR Resets Wake-up via
WDT Reset WDT or
Interrupt
W 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
INDF 923 924 N A N A N A
TMRO 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
PCL 923 924 0000h 0000h PC + 1@
STATUS 923 924 0001 1xxx 000q quuu® uuug quuu®
FSR 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
PORTA 923 924 - = XX XXXX --uu uuuu --uu uuuu
PORTA 923 924 --0x 0000 --0u 0000 --uu uuuu
PORTB 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
PORTC 923 924 - - XX XXXX --uu uuuu --uu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as '0', q = value depends on condition

Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector
(0004h).
3: See Table 14-5 for reset value for specific condition.
4: Bits PIE<6> and PIR<6> are reserved on the PIC16C923, always maintain these bits clear.
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TABLE 14-6: INITIALIZATION CONDITIONS FOR ALL REGISTERS (Cont.d)

Register Applicable Devices Power-on Reset MCLR Resets Wake-up via
WDT Reset WDT or
Interrupt

PORTD 923 924 0000 0000 0000 0000 uuuu uuuu
PORTE 923 924 0000 0000 0000 0000 uuuu uuuu
PCLATH 923 924 ---0 0000 ---0 0000 ---U uuuu
INTCON 923 924 0000 000x 0000 000u uuuu uuuu®
PIR1® 923 924 00-- 0000 00-- 0000 uu-- uuuu®
TMR1L 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
TMR1H 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
T1CON 923 924 --00 0000 --uu uuuu --uu uuuu
TMR2 923 924 0000 0000 0000 0000 uuuu uuuu
T2CON 923 924 - 000 0000 - 000 0000 - uuu uuuu
SSPBUF 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
SSPCON 923 924 0000 0000 0000 0000 uuuu uuuu
CCPRI1L 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1H 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON 923 924 --00 0000 --00 0000 --uu uuuu
ADRES 923 924 XXXX  XXXX uuuu uuuu uuuu uuuu
ADCONO 923 924 0000 00-0 0000 00-0 uuuu uu-u
OPTION 923 924 1111 1111 1111 1111 uuuu uuuu
TRISA 923 924 --11 1111 --11 1111 --uu uuuu
TRISB 923 924 1111 1111 1111 1111 uuuu uuuu
TRISC 923 924 --11 1111 --11 1111 --uu uuuu
TRISD 923 924 1111 1111 1111 1111 uuuu uuuu
TRISE 923 924 1111 1111 1111 1111 uuuu uuuu
PIEL® 923 924 00-- 0000 00-- 0000 uu-- uuuu
PCON 923 924 ---- --0- ---- --U- ---- --U-
PR2 923 924 1111 1111 1111 1111 1111 1111
SSPADD 923 924 0000 0000 0000 0000 uuuu uuuu
SSPSTAT 923 924 0000 0000 0000 0000 uuuu uuuu
ADCON1 923 924 ---- -000 ---- -000 ---- -uuu
PORTF 923 924 0000 0000 0000 0000 uuuu uuuu
PORTG 923 924 0000 0000 0000 0000 uuuu uuuu
LCDSE 923 924 1111 1111 1111 1111 uuuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as '0', q = value depends on condition

Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector
(0004h).
3: See Table 14-5 for reset value for specific condition.
4: Bits PIE<6> and PIR<6> are reserved on the PIC16C923, always maintain these bits clear.
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TABLE 14-6: INITIALIZATION CONDITIONS FOR ALL REGISTERS (Cont.d)
Register Applicable Devices Power-on Reset MCLR Resets Wake-up via
WDT Reset WDT or
Interrupt
LCDPS 923 924 ---- 0000 ---- 0000 ---- uuuu
LCDCON 923 924 00- 0 0000 00- 0 0000 uu- u uuuu
LCDDO00 923 924 XXXX XXXX uuuu uuuu uuuu uuuu
:_OCDD15
TRISF 923 924 1111 1111 1111 1111 uuuu uuuu
TRISG 923 924 1111 1111 1111 1111 uuuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as '0', q = value depends on condition

Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector
(0004h).
3: See Table 14-5 for reset value for specific condition.
4: Bits PIE<6> and PIR<6> are reserved on the PIC16C923, always maintain these bits clear.
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FIGURE 14-8: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbD): CASE 1

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

VDD —/

TPWRF

FIGURE 14-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbDD): CASE 2

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

TPWRF

FIGURE 14-10: TIME-OUT SEQUENCE ON POWER-UP (MCLRTIED TO VDD)

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

VDD —/

j+—— TPWRT——!

1< TOSP:
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FIGURE 14-11: EXTERNAL POWER-ON
RESET CIRCUIT (FOR SLOW
VDD POWER-UP)

FIGURE 14-12: EXTERNAL BROWN-OUT
PROTECTION CIRCUIT 1

VDD

R1
MCLR

C PIC16CXX

I

Note 1: External Power-on Reset circuit is
required only if VDD power-up slope is too
slow. The diode D helps discharge the
capacitor quickly when VDD powers down.

2: R <40 kQ is recommended to make sure
that voltage drop across R does not violate
the device’s electrical specification.

3: R1=100Q to 1 kQ will limit any current
flowing into MCLR from external capacitor
C in the event of MCLR/VPP pin break-
down due to Electrostatic Discharge
(ESD) or Electrical Overstress (EOS).

VDD . VDD
33k
10k MCLR
7AN 40k | pic16CKX

Note 1: This circuit will activate reset when VDD
goes below (Vz + 0.7V) where Vz = Zener
voltage.

2: Resistors should be adjusted for the char-
acteristics of the transistors.

FIGURE 14-13: EXTERNAL BROWN-OUT
PROTECTION CIRCUIT 2

VDD * ’ VDD
R1
(OX A
MCLR
R2
40k PIC16CXX

Note 1: This brown-out circuit is less expensive,
albeit less accurate. Transistor Q1 turns
off when VDD is below a certain level
such that:

R1
. " =07V
VDb =TT RD

2: Resistors should be adjusted for the
characteristics of the transistors.
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14,5 Interrupts
The PIC16C9XX family has up to 9 sources of interrupt:

Applicable
Interrupt Sources Devices

External interrupt RBO/INT 923 | 924
TMRO overflow interrupt 923 | 924
PORTB change interrupts 923 | 924
(pins RB7:RB4)
A/D Interrupt 923 | 924
TMR1 overflow interrupt 923 | 924
TMR2 matches period interrupt 923 | 924
CCP1 interrupt 923 | 924
Synchronous serial port interrupt 923 | 924
LCD Module interrupt 923 | 924

The interrupt control register INTCON) records individ-
ual interrupt requests in flag bits. It also has individual
and global interrupt enable bits.

Note: Individual interrupt flag bits are set regard-
less of the status of their corresponding

mask bit or the GIE bit.

A global interrupt enable bit, GIE (INTCON<7>)
enables (if set) all un-masked interrupts or disables (if
cleared) all interrupts. When bit GIE is enabled, and an
interrupt’s flag bit and mask bit are set, the interrupt will
vector immediately. Individual interrupts can be dis-
abled through their corresponding enable bits in vari-
ous registers. Individual interrupt bits are set
regardless of the status of the GIE bit. The GIE bit is
cleared on reset.

The “return from interrupt” instruction, RETFI E, exits
the interrupt routine as well as sets the GIE bit, which
re-enables interrupts.

The RBO/INT pin interrupt, the RB port change interrupt
and the TMRO overflow interrupt flags are contained in
the INTCON register.

The peripheral interrupt flags are contained in the spe-
cial function register PIR1. The corresponding interrupt
enable bits are contained in special function register
PIE1, and the peripheral interrupt enable bit is con-
tained in special function register INTCON.

When an interrupt is responded to, the GIE bit is
cleared to disable any further interrupts, the return
address is pushed onto the stack and the PC is loaded
with 0004h. Once in the interrupt service routine the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.

For external interrupt events, such as the RBO/INT pin
or RB Port change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs
(Figure 14-15). The latency is the same for one or two
cycle instructions. Individual interrupt flag bits are set
regardless of the status of their corresponding mask bit
or the GIE bit.
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FIGURE 14-14: INTERRUPT LOGIC

TMRI1IF .
TMRL1IE TOIE Wake-up (If in SLEEP mode)
TOIE
TMR2IF INTF :D
TMR2IE INTE Interrupt to CPU
RBIF
RBIE
LCDIF:D PEIE
LCDIE PEIE
GIE
CCP1IF
CCP1IE
SSPIF
SSPIE
ADIF
ADIE

The A/D module interrupt is implemented on the PIC16C924 only.

FIGURE 14-15: INT PIN INTERRUPT TIMING

+ Q1] Q2] @3] Q4: Q1] Q2| Q3] Q4: Q1] Q2| Q3| @4: Q1] Q2| Q3] Q4. Q1] Q2| Q3] Q4.
0scC1 , ' ' '

CLKOUT (3)

INT pin

INTFflag !
(INTCON<1>) :

GIE bit ;
(INTCON<7>)

Interrupt Latency(2)

INSTRUCTION FLOW

0005h

Inst (PC) Inst (PC+1) Inst (0004h)

fetched

Instruction
Inst (0005h)

PC ¢ PC X PC+1 X PC+1 X 0004h
: : : : Inst (0004h)

L S

Inst (PC-1) Inst (PC) Dummy Cycle Dummy Cycle

Instruction
executed

Note 1:INTF flag is sampled here (every Q1).
2: Interrupt latency = 3-4 Tcy where Tcy = instruction cycle time.
Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction.
3: CLKOUT is available only in RC oscillator mode.
4: For minimum width of INT pulse, refer to AC specs.
5: INTFcan be set anytime during the Q4-Q1 cycles.
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1451 INT INTERRUPT

External interrupt on RBO/INT pin is edge triggered:
either rising if bit INTEDG (OPTION<6>) is set, or fall-
ing, if the INTEDG bit is clear. When a valid edge
appears on the RBO/INT pin, flag bit INTF
(INTCON<1>) is set. This interrupt can be disabled by
clearing enable bit INTE (INTCON<4>). Flag bit INTF
must be cleared in software in the interrupt service rou-
tine before re-enabling this interrupt. The INT interrupt
can wake-up the processor from SLEEP, if bit INTE
was set prior to going into SLEEP. The status of global
interrupt enable bit GIE decides whether or not the pro-
cessor branches to the interrupt vector following
wake-up. See Section 14.8 for details on SLEEP
mode.

145.2 TMRO INTERRUPT

An overflow (FFh — 00h) in the TMRO register will set
flag bit TOIF (INTCON<2>). The interrupt can be
enabled/disabled by setting/clearing enable bit TOIE
(INTCON<5>). (Section 7.0)

145.3 PORTB INTCON CHANGE

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON<O0>). The interrupt can be enabled/disabled
by setting/clearing enable bit RBIE (INTCON<4>).
(Section 5.2)

14.6 Context Saving During Interrupts

During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key reg-
isters during an interrupt i.e., W register and STATUS
register. This will have to be implemented in software.

Example 14-1 stores and restores the STATUS and W
registers. The register, W_TEMP, must be defined in all
banks and must be defined at the same offset from the
bank base address in the last 16 registers (i.e., if
W_TEMP is defined at 0x70 in bank 0, it must also be
defined at OxFO in bank 1, 0x170 in bank 2, and Ox1FO0
in bank 3).

The example:

a) Stores the W register.

b) Stores the STATUS register in bank 0.
c) Executes the ISR code.

d) Restores the STATUS register (and bank select
bits).
e) Restores the W register.

EXAMPLE 14-1: SAVING STATUS AND W REGISTERS IN RAM

MOWF  WTEMP
SWAPF  STATUS, W
BCF STATUS, RP1
BCF STATUS, RPO
MOWFE  STATUS TEMP

(1SR

; Copy Wto TEMP register, could be any bank
; Swap status to be saved into W
; Change to bank zero, regardl ess of current bank

; Save status to bank zero STATUS TEMP regi ster

SWAPF STATUS _TEMP, W ; Swap STATUS TEMP register into W
;(sets bank to original state)

MOWE  STATUS
SWPF  WTEMWP, F
SWAPF  WTEMP, W

; Move Winto STATUS register
; Swap W TEMP
; Swap WTEMP into W

0 1996 Microchip Technology Inc.
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14.7 Watchdog Timer (WDT)

The Watchdog Timer is as a free running on-chip RC
oscillator which does not require any external compo-
nents. This RC oscillator is separate from the RC oscil-
lator of the OSC1/CLKIN pin. That means that the WDT
will run, even if the clock on the OSC1/CLKIN and
OSC2/CLKOUT pins of the device has been stopped,
for example, by execution of a SLEEP instruction. Dur-
ing normal operation, a WDT time-out generates a
device RESET (Watchdog Timer Reset). If the device
is in SLEEP mode, a WDT time-out causes the device
to wake-up and continue with normal operation (Watch-
dog Timer Wake-up). The WDT can be permanently
disabled by clearing configuration bit WDTE
(Section 14.1).

assigned to the WDT under software control by writing
to the OPTION register. Thus, time-out periods up to
2.3 seconds can be realized.

The CLRWDT and SLEEP instructions clear the WDT and
the postscaler, if assigned to the WDT, and prevent it
from timing out and generating a device RESET condi-
tion.

The TO bit in the STATUS register will be cleared upon
a Watchdog Timer time-out.

14.7.2 WDT PROGRAMMING CONSIDERATIONS

It should also be taken into account that under worst
case conditions (VbD = Min., Temperature = Max., and
max. WDT prescaler) it may take several seconds
before a WDT time-out occurs.

14.7.1 WDT PERIOD - -
Note: When the prescaler is assigned to the

The WDT has a nominal time-out period of 18 ms, (with WDT, always execute a CLRADT instruc-
no prescaler). The time-out periods vary with tempera- tion before changing the prescale value.
ture, VDD and process variations from part to part (see Otherwise a WDT reset may occur.
DC specs). If longer time-out periods are desired, a
prescaler with a division ratio of up to 1:128 can be
FIGURE 14-16: WATCHDOG TIMER BLOCK DIAGRAM

From TMRO Clock Source

(Figure 7-6)

[ of
1| ™ r—®|  Postscaler
WDT Timer U
X { 8
* * 8-t0-1MUX |-#— PS2:PSO
WDT PSA
Enable Bit
To TMRO (Figure 7-6)
4 1
MUX  |--s— PSA
. . L . V\*IDT
Note: PSA and PS2:PS0 are bits in the OPTION register. Time-out

FIGURE 14-17: SUMMARY OF WATCHDOG TIMER REGISTERS

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
2007h Config. bits (1) (1) cpP1 | cpo | PWRTE® | WDTE | FOSC1 | FOSCO
81h, 181h | OPTION RBPU INTEDG TOCS | TOSE PSA PS2 PS1 PSO

Legend: Shaded cells are not used by the Watchdog Timer.

Note 1: See Figure 14-1 for operation of these bits.
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14.8 Power-down Mode (SLEEP)

Power-down mode is entered by executing a SLEEP
instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the PD bit (STATUS<3>) is cleared, the
TO (STATUS<4>) bit is set, and the oscillator driver is
turned off. The I/O ports maintain the status they had,
before the SLEEP instruction was executed (driving
high, low, or hi-impedance).

For lowest current consumption in this mode, place all
I/O pins at either VDD, or Vss, ensure no external cir-
cuitry is drawing current from the I/O pin, power-down
the A/D, disable external clocks. Pull all I/O pins, that
are hi-impedance inputs, high or low externally to avoid
switching currents caused by floating inputs. The
TOCKI input should also be at VDD or Vss for lowest
current consumption. The contribution from on-chip
pull-ups on PORTB should be considered.

The MCLR pin must be at a logic high level (VIHMC).
14.8.1 WAKE-UP FROM SLEEP

The device can wake up from SLEEP through one of
the following events:

1. External reset input on MCLR pin.

2. Watchdog Timer Wake-up (if WDT was
enabled).

3. Interrupt from RBO/INT pin, RB port change, or
some peripheral interrupts.

External MCLR Reset will cause a device reset. All

other events are considered a continuation of program

execution and cause a “wake-up”. The TO and PD bits

in the STATUS register can be used to determine the

cause of device reset. The PD bit, which is set on

power-up is cleared when SLEEPis invoked. The TO bit

is cleared if a WDT time-out occurred (and caused

wake-up).

The following peripheral interrupts can wake the device

from SLEEP:

1. TMR1interrupt. Timerl must be operating as an
asynchronous counter.

2. SSP (Start/Stop) bit detect interrupt.

3. SSP transmit or receive in slave mode
(SPI/I2C).

4. CCP capture mode interrupt.

5. A/D conversion (when A/D clock source is RC).

6. Special event trigger (Timerl in asynchronous
mode using an external clock).

7. LCD module.

Other peripherals can not generate interrupts since
during SLEEP, no on-chip Q clocks are present.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction and then branches to the inter-
rupt address (0004h). In cases where the execution of
the instruction following SLEEP is not desirable, the
user should have a NOP after the SLEEP instruction.

14.8.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the the execution of
a SLEEP instruction, the SLEEP instruction will
complete as a NOP. Therefore, the WDT and
WDT postscaler will not be cleared, the TO bit will
not be set and PD bits will not be cleared.

« If the interrupt occurs during or after the execu-
tion of a SLEEP instruction, the device will immedi-
ately wake up from sleep . The SLEEP instruction
will be completely executed before the wake-up.
Therefore, the WDT and WDT postscaler will be
cleared, the TO bit will be set and the PD bit will
be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEPinstruction was
executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruc-
tion should be executed before a SLEEP instruction.

0 1996 Microchip Technology Inc.
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FIGURE 14-18: WAKE-UP FROM SLEEP THROUGH INTERRUPT

ol qzl @314 Q1l Q2] @3l 4 qil 3

. Q1l @2l @3l 4 @1l Q2lqslqa; @il @2l Q314 Q1lq2l @3l q4,

osCL/ \ S\ SN\ T =l \ N\ NSNS\ NN\
' 1 1 1 1 ]
ckout@ . /—\ \ / , TOST(2) | / \ / \ \ 1
INT pin . l l - Z l l l l
INTF flag . X \/. ' g ' .
(INTCON<1>) ' . , Interrupt Latency | . .
' ' ' ! ' ' (Note 2) ' ' '
GIE bit \ . . ! . . , , ,
(INTCION<7>): ! 1 Processor in | : : \ : : :
, , , SLEEP , , , , ,
INSTRUCTION ELOW : : ! : : : : :
PC )( PC X__pce X PC+2 X PC+2 X PC+2 X 0004h X 0005h \
nstruction { InSt(PC) = SLEEP ' Inst(PC +1) ' " InsPC+2) ' Inst(0004h) ' Inst(0005h)
gﬁ;%ﬁgg” X Inst(PC - 1) . SLEEP X X Inst(PC + 1) . Dummycycle . Dummycycle . Inst(0004h) :
Note  1: XT, HS or LP oscillator mode assumed.
2: TosT = 1024Tosc (drawing not to scale) This delay will not be there for RC osc mode.
3: GIE ="1"assumed. In this case after wake- up, the processor jumps to the interrupt routine. If GIE ='0', execution will continue in-line
4: CLKOUT is not available in these osc modes, but shown here for timing reference.
149 Program Verification/Code Protection After reset, to place the device into program/verify

If the code protection bit(s) have not been pro-
grammed, the on-chip program memory can be read
out for verification purposes.

Note:  Microchip does not recommend code pro-
tecting windowed devices.
14.10 |ID Locations

Four memory locations (2000h - 2003h) are designated
as ID locations where the user can store checksum or
other code-identification numbers. These locations are
not accessible during normal execution but are read-
able and writable during program/verify. It is recom-
mended that only the 4 least significant bits of the ID
location are used.

14.11 _In-Circuit Serial Programming

PIC16CXX microcontrollers can be serially pro-
grammed while in the end application circuit. This is
simply done with two lines for clock and data, and three
other lines for power, ground, and the programming
voltage. This allows customers to manufacture boards
with unprogrammed devices, and then program the
microcontroller just before shipping the product. This
also allows the most recent firmware or a custom firm-
ware to be programmed.

The device is placed into a program/verify mode by
holding the RB6 and RB7 pins low while raising the
MCLR (VPP) pin from VIL to VIHH (See programming
specification). RB6 becomes the programming clock
and RB7 becomes the programming data. Both RB6
and RB7 are Schmitt Trigger inputs in this mode.

mode, the program counter (PC) is at location 00h. A
6-bit command is then supplied to the device. Depend-
ing on the command, 14-bits of program data are then
supplied to or from the device, depending if the com-
mand was a load or a read. For complete details of
serial programming, please refer to the PIC16C6X/7X
Programming Specifications (Literature #DS30228).

FIGURE 14-19: TYPICAL IN-CIRCUIT SERIAL
PROGRAMMING

i—%i VDD

To Normal
Connections

CONNECTION
: To Normal

External X Connections
Connector \ PICLECXY
Signals :

sV I VDD

oV f l Vss

VPP : ® MCLR/VPP

CLK . T RB6
Data I/O ; T -
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15.0 INSTRUCTION SET SUMMARY

This instruction set is for all microcontroller devices
with a 14-bit instruction word. This includes devices,
such as, the PIC16C74, PIC14000, PIC16C924 and
PIC16C554.

Each PIC16CXX instruction is a 14-bit word divided
into an OPCODE which specifies the instruction type
and one or more operands which further specify the
operation of the instruction. The PIC16CXX instruction
set summary in Table 15-2 lists byte-oriented, bit-ori-
ented, and literal and control operations. Table 15-1
shows the opcode field descriptions.

For byte-oriented instructions, 'f' represents a file reg-
ister designator and 'd' represents a destination desig-
nator. The file register designator specifies which file
register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If 'd' is zero, the result is
placed in the W register. If 'd" is one, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, 'b' represents a bit field
designator which selects the number of the bit affected
by the operation, while 'f' represents the number of the
file in which the bit is located.

For literal and control operations, 'k' represents an
eight or eleven bit constant or literal value.

TABLE 15-1: OPCODE FIELD
DESCRIPTIONS

Field Description

Register file address (0x00 to 0x7F)
Working register (accumulator)

Bit address within an 8-bit file register
Literal field, constant data or label

Don't care location (= 0 or 1)

The assembler will generate code with x = 0. Itis the
recommended form of use for compatibility with all
Microchip software tools.

d Destination select; d = 0: store result in W,
d = 1: store result in file register f.
Defaultisd =1

| abel |Label name

TCs |Top of Stack
PC |Program Counter

PALATH| Program Counter High Latch
G E |Global Interrupt Enable bit
WDT | Watchdog Timer/Counter
TO |Time-out bit
PD |Power-down bit

dest |Destination either the W register or the specified
register file location

[ ] |Options
() |Contents
— |Assigned to
< > |Register bit field
O |Inthe set of
italics |User defined term (font is courier)

XTUE"“
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The instruction set is highly orthogonal and is grouped
into three basic categories:

* Byte-oriented operations
« Bit-oriented operations
 Literal and control operations

All instructions are executed within one single instruc-
tion cycle, unless a conditional test is true or the pro-
gram counter is changed as a result of an instruction.
In this case, the execution takes two instruction cycles
with the second cycle executed as a NOP. One instruc-
tion cycle consists of four oscillator periods. Thus, for
an oscillator frequency of 4 MHz, the normal instruction
execution time is 1 ps. If a conditional test is true or the
program counter is changed as a result of an instruc-
tion, the instruction execution time is 2 ps.

Table 15-2 lists the instructions recognized by the
MPASM assembler.

Figure 15-1 shows the three general formats that the
instructions can have.

Note: To maintain upward compatibility with
future PIC16CXX products, do not use the
CPTI ONand TR Sinstructions.

All examples use the following format to represent a
hexadecimal number:

Oxhh
where h signifies a hexadecimal digit.

FIGURE 15-1: GENERAL FORMAT FOR
INSTRUCTIONS

Byte-oriented file register operations
13 8 7 6 0
OPCODE | d | f (FILE #) |

d = 0 for destination W
d = 1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 7 6 0

OPCODE | b (BIT #)| f (FILE #)

b = 3-bit bit address
f = 7-bit file register address
Literal and control operations
General
13 8 7 0
OPCODE | k (literal)

k = 8-bit immediate value
CALL and GOTOinstructions only

13 11 10 0
OPCODE k (literal)

k = 11-bit immediate value

15.1 Special Function Reqgisters as
Source/Destination

The PIC16C9XX's orthogonal instruction set allows
read and write of all file registers, including special
function registers. There are some special situations
the user should be aware of:

15.1.1 STATUS AS DESTINATION

If an instruction writes to STATUS, the Z, C and DC bits
may be set or cleared as a result of the instruction and
overwrite the original data bits written. For example,
executing CLRF STATUS will clear register STA-
TUS, and then set the Z bit leaving 0000 0100b in the
register.

15.1.2 PCL AS SOURCE OR DESTINATION

Read, write or read-modify-write on PCL may have the
following results:
Read PC:

Write PCL:

PCL - dest

PCLATH - PCH;
8-bit destination value - PCL

Read-Modify-Write:  PCL - ALU operand
PCLATH - PCH;
8-bit result -~ PCL

Where PCH = program counter high byte (not an
addressable register), PCLATH = Program counter
high holding latch, dest = destination, WREG or f.

15.1.3 BIT MANIPULATION

All bit manipulation instructions are done by first read-
ing the entire register, operating on the selected bit and
writing the result back (read-modify-write). The user
should keep this in mind when operating on special
function registers, such as ports.
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TABLE 15-2:  INSTRUCTION SET
Mnemonic, Description Cycles 14-Bit Opcode Status Notes
Operands MSb LSb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f,d | Add W and f 1 00 0111 dfff ffff | C,DC,Z 1,2
ANDWF f,d | AND W with f 1 00 0101 dfff ffff |Z 1,2
CLRF f Clear f 1 00 0001 |Ifff ffff |Z 2
CLRW - Clear W 1 00 0001 0000 0011 |Z
COMF f,d | Complement f 1 00 1001 dfff ffff |Z 1,2
DECF f,d | Decrement f 1 00 0011 dfff ffff |Z 1,2
DECFSz f,d | Decrement f, Skip if 0 12 00 1011 dfff ffff 1,2,3
INCF f,d | Incrementf 1 00 1010 dfff ffff |Z 1,2
INCFSZ f,d | Increment f, Skip if O 1(2) |00 1111 dfff ffff 12,3
IORWF f,d | Inclusive OR W with f 1 00 0100 dfff ffff |Z 1,2
MOVF f,d | Move f 1 00 1000 dfff ffff |Z 1,2
MOVWF f Move W to f 1 00 0000 |Ifff ffff
NOP - No Operation 1 00 0000 0xx0 0000
RLF f,d | Rotate Left f through Carry 1 00 1101 dfff ffff |C 1,2
RRF f,d | Rotate Right f through Carry 1 00 1100 dfff ffff |C 1,2
SUBWF f,d | Subtract W from f 1 00 0010 dfff ffff | C,DC,Z 1,2
SWAPF f,d | Swap nibbles in f 1 00 1110 dfff ffff 1,2
XORWF f,d | Exclusive OR W with f 1 00 0110 dfff ffff |[Z 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b | Bit Clear f 1 01 00bb bfff ffff 1,2
BSF f,b | BitSetf 1 01 Olbb bfff ffff 1,2
BTFSC f,b | Bit Test f, Skip if Clear 1(2) |01 10bb bfff ffff 3
BTFSS f,b | Bit Test f, Skip if Set 1(2) |01 11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS
ADDLW k Add literal and W 1 11 111x kkkk kkkk | C,DC,Z
ANDLW k AND literal with W 1 11 1001 kkkk kkkk [ Z
CALL k Call subroutine 2 10 Okkk kkkk kkkk
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100 | TO,PD
GOTO k Go to address 2 10 1kkk kkkk kkkk
IORLW k Inclusive OR literal with W 1 11 1000 kkkk Kkkkk | zZ
MOVLW k Move literal to W 1 11 00xx kkkk kkkk
RETFIE - Return from interrupt 2 00 0000 0000 1001
RETLW k Return with literal in W 2 11 01xx kkkk kkkk
RETURN Return from Subroutine 2 00 0000 0000 1000
SLEEP - Go into standby mode 1 00 0000 0110 0011 | TO,PD
SUBLW k Subtract W from literal 1 11 110x kkkk kkkk | C,DC,Z
XORLW k Exclusive OR literal with W 1 11 1010 Kkkkk Kkkkk | zZ
Note 1: When an I/O register is modified as a function of itself ( e.g., MOVF PORTB, 1), the value used will be that value present

on the pins themselves. For example, if the data latch is '1' for a pin configured as input and is driven low by an external

device, the data will be written back with a '0".

2: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if assigned
to the TimerO Module.
3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is
executed as a NOP.
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15.2 Instruction Descriptions

ADDLW Add Literal and W
Syntax: [ label] ADDLW  k
Operands: 0<k<255
Operation: W)+k - (W)
Status Affected: C, DC, Z
Encoding: | 11 | 111x | kkkk | kkkk |
Description: The contents of the W register are
added to the eight bit literal 'k and the
result is placed in the W register.
Words: 1
Cycles: 1
Example ADDLW  0x15
Before Instruction
W = 0x10
After Instruction
W = 0x25
ADDWF Add W and f
Syntax: [ label] ADDWF fd
Operands: 0<f<127
d 00,1]
Operation: (W) + (f) > (dest)
Status Affected: C,DC,z
Encoding: | 00 | 0111 | df f f | frff |
Description: Add the contents of the W register
with register 'f'. If 'd" is O the result is
stored in the W register. If 'd' is 1 the
result is stored back in register 'f'.
Words: 1
Cycles: 1
Example ADDWF  FSR O

Before Instruction

W = 0ox17

FSR = 0xC2
After Instruction

W = 0xD9

FSR = 0oxC2

ANDLW And Literal with W
Syntax: [ label] ANDLW kK
Operands: O0<k<255
Operation: (W) .AND. (k) - (W)
Status Affected: Z
Encoding: | 11 | 1001 | kkkk | kkkk |
Description: The contents of W register are
AND’ed with the eight bit literal 'k'. The
result is placed in the W register.
Words: 1
Cycles: 1
Example ANDLW  Ox5F
Before Instruction
W = OxA3
After Instruction
W = 0x03
ANDWF AND W with f
Syntax: [ labell] ANDWF fd
Operands: 0<f<127
d 00,1]
Operation: (W) .AND. (f) - (dest)
Status Affected: Z
Encoding: | 00 | 0101 | df f f | fiff |
Description: AND the W register with register 'f'. If
'd" is O the result is stored in the W
register. If 'd" is 1 the result is stored
back in register 'f'.
Words: 1
Cycles: 1
Example ANDWF  FSR 1

Before Instruction

W = 0x17

FSR = 0xC2
After Instruction

W = 0ox17

FSR = 0x02
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BCF Bit Clear f BTFSC Bit Test, Skip if Clear
Syntax: [ label]BCF fb Syntax: [ label] BTFSC f,b
Operands: 0<f<127 Operands: 0<f<127
O<b<s7 O<b<s7
Operation: 0 - (f<b>) Operation: skip if (f<b>) =0
Status Affected:  None Status Affected:  None
Encoding: [ o1 Joowo [bfr [riff | Encoding: IENEENECEEEE
Description: Bit 'b" in register 'f' is cleared. Description: If bit 'b' in register 'f' is ‘0’ then the next
. instruction is skipped.
Words: 1 If bit 'b" is '0" then the next instruction
Cycles: 1 fetched during the current instruction
execution is discarded, and a NOP is
Example BCF FLAG REG 7 executed instead, making this a 2 cycle
Before Instruction instruction.
FLAG_REG = 0xC7
= Words: 1
After Instruction ords
FLAG_REG = 0x47 Cycles: 1(2)
Example HERE BTFSC FLAG 1
FALSE Qoro PROCESS CCDE
TRUE .
Before Instruction
PC = address HERE
After Instruction
if FLAG<1> =0,
PC = address TRUE
if FLAG<1>=1,
PC= address FALSE
BSF Bit Set f
Syntax: [ label1BSF fb
Operands: 0<f<127
O<bs<7
Operation: 1 - (f<b>)
Status Affected: None
Encoding: | 01 | 01bb | bf f f | T |
Description: Bit 'b" in register 'f' is set.
Words: 1
Cycles: 1
Example BSF FLAG REG 7
Before Instruction
FLAG_REG = 0Ox0A
After Instruction
FLAG_REG = 0x8A
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BTFSS Bit Test f, Skip if Set CLRF Clear f
Syntax: [ label1 BTFSS f,b Syntax: [ label]l CLRF f
Operands: 0<f<127 Operands: 0<f<127
0<b<7 Operation: 00h - (f)
Operation: skip if (f<b>) =1 1.2
Status Affected:  None Status Affected: Z
Encoding: | o1 [1mb [biff [ frff | Encoding: | oo [ooor |afft | ffif |
Description: If bit 'b" in register 'f' is '1' then the next Description: The contents of register 'f are cleared
instruction is skipped. and the Z bit is set.
If bit 'b" is '1', then the next instruction
fetched during the current instruction Words: 1
execution, is discarded and a NOP is
executed instead, making this a 2 cycle Cycles: 1
instruction.
Example QRF FLAG REG
Words: 1 .
Before Instruction
Cycles: 1(2) FLAG_.REG = Ox5A
Example HERE BTFSC FLAG 1 After Instruction
FALSE GOTO PROCESS _CCDE FLAG_REG = 0x00
TRE z = 1
Before Instruction
PC = address HERE
After Instruction
if FLAG<1> =0,
PC = address FALSE
if FLAG<1> =1,
PC = address TRUE
CALL Call Subroutine CLRW Clear W
Syntax: [ label]l CALL k Syntax: [ labell] CLRW
Operands: 0 <k <2047 Operands: None
Operation: (PC)+ 1- TOS, Operation: 00h - (W)
k - PC<10:0>, 1.2
(PCLATH<4:3>) - PC<12:11> Status Affected: 7
Status Affected:  None Encoding: [ o0 Jooor [oooo [ooit |
Encoding: | 10 | Okkk | kkkk | kkkk | Description: W register is cleared. Zero bit (Z) is
Description: Call Subroutine. First, return address set.
(PC+1) is pushed onto the stack. The .
eleven bit immediate address is loaded Words: 1

into PC bits <10:0>. The upper bits of

the PC are loaded from PCLATH. Cycles: 1

CALL is a two cycle instruction. Example CLRW
Words: 1 Before Instruction
Cycles: 2 W = Ox5A
Example HERE  CALL THERE After '”S”WL‘C“‘Z” 000

Before Instruction Z = 1

PC = Address HERE
After Instruction

PC = Address THERE

TOS = Address HERE+1
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CLRWDT Clear Watchdog Timer DECF Decrement f
Syntax: [ labell] CLRWDT Syntax: [ label]l DECF f,d
Operands: None Operands: 0<f<127
Operation: 00h - WDT dio1]
0 — WDT prescaler, Operation: (f)-1 - (dest)
1-TO Status Affected: Z
1-PD
- Encoding: | 00 | 0011 | df f f | frff |
Status Affected:  TO, PD o
. Description: Decrement register 'f', If 'd" is 0 the
Encoding: | 00 | 0000 | 0110 | 0100 | result is stored in the W register. If 'd'
is 1 the result is stored back in register
Description: CLRWDT instruction resets the Watch- f.
dog Timer. It also resets the prescaler
of the WDT. Status bits TO and PD Words: 1
are set.
Cycles: 1
Words: 1
Example DECF CoNT, 1
les: 1 .
Cycles Before Instruction
Example CLRWDT CNT = 0x01
Before Instruction z = 0
WDT counter = 2 After Instruction
After Instruction CNT = Ox00
WDT counter =  0x00 z = 1
WDT prescaler= 0
TO = 1
PD = 1
COMF Complement f DECFSZ Decrement f, Skip if O
Syntax: [ label] COMF f,d Syntax: [ label] DECFSz fd
Operands: 0<f<127 Operands: 0<f<127
d01[0,1] d0[0,1]
Operation: ) - (dest) Operation: (f)-1 - (dest); skipifresult=0
Status Affected: Z Status Affected:  None
Encoding: | oo |o01 |diff |ffff | Encoding: | oo |1011 [atff [ffff |
Description: The contents of register 'f' are comple- Description; The contents of register 'f' are decre-
mented. If 'd" is O the result is stored in mented. If 'd" is O the result is placed in
W. If 'd"is 1 the result is stored back in the W register. If 'd' is 1 the result is
register 'f'. placed back in register 'f'.
If the result is 0, the next instruction,
Words: 1 which is already fetched, is discarded. A
. NOP is executed instead making it a two
Cycles: 1 cycle instruction.
Example CovF REGL, 0 Words: 1
Before Instruction Cycles: 1(2)
REGL = OxI3 Example HERE ~ DECFSZ QT 1
After Instruction
Qoro LoCP
REG1 = 0xi3 OCNTI NLE »
w = OxEC .

Before Instruction

PC = address HERE
After Instruction

CNT = CNT-1

ifCNT= 0,

PC =  address CONTI NUE

if CNT # 0,

PC = address HERE+1
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GOTO Unconditional Branch INCFSZ Increment f, Skip if O
Syntax: [ labell] GOTO k Syntax: [ label]l INCFSz fd
Operands: 0<k<2047 Operands: 0<f<127
Operation: k - PC<10:0> do[o1]

PCLATH<4:3> - PC<12:11> Operation: (f) +1 - (dest), skip if result =0
Status Affected: ~ None Status Affected: ~ None
Encoding: | 20 | akkk | kkik | kkik | Encoding: | oo |11 |dift | e |
Description: QOTOis an unconditional branch. The Description: The contents of register 'f' are incre-

eleven bit immediate value is loaded mented. If 'd" is O the result is placed

into PC bits <10:0>. The upper bits of in the W register. If 'd" is 1 the result is

PC are loaded from PCLATH<4:3>. placed back in register 'f'.

QOTOis a two cycle instruction. If the result is 0, the next instruction,

which is already fetched, is discarded.
Words: 1 ANORP is executed instead making it a
two cycle instruction.
Cycles: 2
Words: 1
Example QOTO THERE
] Cycles: 1(2)
After Instruction E | HERE | NCFSZ N—
_ xample )
PC = Address THERE p 10 LGP
CONTI NUE »

Before Instruction

PC =  address HERE
After Instruction
CNT = CNT+1
if CNT= 0,
PC = address CONTI NUE
if CNT# 0,
PC = address HERE +1
INCF Increment f IORLW Inclusive OR Literal with W
Syntax: [ label] INCF f.d Syntax: [ label] 1ORLW k
Operands: 0=<f=<127 Operands: 0<k<255
dofo1] Operation: (W) .OR. k - (W)
Operation: () +1 ~ (dest) Status Affected: Z
Status Affected:  Z Encoding: | 11 | 1000 | kkkk | kkkk |
Encoding: | 00 | 1010 | drff | frft | Description: The contents of the W register is
Description: The contents of register 'f' are incre- OR’ed with the eight bit literal 'k'. The
mented. If 'd" is O the result is placed result is placed in the W register.
in the W register. If 'd' is 1 the result is Words: 1
placed back in register 'f'. oras:
Words: 1 Cycles: 1
Cycles: 1 Example IORLW  0x35
Example | NOE T, 1 Before In\i}ructlon oon
= X
Before Instruction After Instruction
CNT = OxFF W = OxBF
z = 0 z = 1
After Instruction
CNT = 0x00
z = 1
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IORWF Inclusive OR W with f MOVF Move f
Syntax: [ label] 1O0RWF fd Syntax: [ label] MOVF fd
Operands: 0<f<127 Operands: 0<f<127
d0opo,1] dofo,1]
Operation: (W) .OR. (f) - (dest) Operation: (f) - (dest)
Status Affected: Z Status Affected: Z
Encoding: | oo |owo |dft |ffif | Encoding: | oo |o00 |arit |rfff |
Description: Inclusive OR the W register with regis- Description: The contents of register f is moved to
ter 'f'. If 'd"is O the result is placed in a destination dependant upon the sta-
the W register. If 'd"is 1 the result is tus of d. If d = 0, destination is W reg-
placed back in register 'f' ister. If d = 1, the destination is file
Words: 1 register f itself. d = 1 is useful to test a
] file register since status flag Z is
Cycles: 1 affected.
Example | CRWF RESULT, 0 Words: 1
Before Instruction Cycles: 1
RESULT = 0x13
w = 0x91 Example MOVF FSR 0
After Instruction After Instruction
RESULT = 0x13 W = value in FSR register
W = 0x93 Z =1
z = 1
MOVLW Move Literal to W MOVWF Move W to f
Syntax: [ labell] MOVLW k Syntax: [ label] MOVWEF f
Operands: 0<ks<255 Operands: 0=<f=<127
Operation: k - (W) Operation: wW) - (f)
Status Affected:  None Status Affected:  None
Encoding: |11 | oo | kikk | kkik | Encoding: | o0 [oooo |urit [fiff |
Description: The eight bit literal 'k’ is loaded into W Description: Move data from W register to register
register. The don'’t cares will assemble .
as 0. Words: 1
Words: 1
Cycles: 1
les: 1
Cycles Example MOWF CPTI ON
Example MOLW  Ox5A )
Before Instruction
After Instruction OPTION =  OxFF
W = Ox5A W = Ox4F
After Instruction
OPTION = Ox4F
W = Ox4F
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NOP No Operation
Syntax: [ label] NOP
Operands: None
Operation: No operation
Status Affected:  None
Encoding: | 00 | 0000 | 0xx0 | 0000 |
Description: No operation.
Words: 1
Cycles: 1
Example NCP
OPTION Load Option Register
Syntax: [ label] OPTION
Operands: None
Operation: (W) - OPTION
Status Affected: None
Encoding: | 00 [oooo [o110 o010
Description: The contents of the W register are
loaded in the OPTION register. This
instruction is supported for code com-
patibility with PIC16C5X products.
Since OPTION is a readable/writable
register, the user can directly address
it.
Words:
Cycles:
Example

To maintain upward compatibility
with future PIC16CXX products, do
not use this instruction.

RETFIE Return from Interrupt
Syntax: [ labell RETFIE
Operands: None
Operation: TOS - PC,
1- GIE
Status Affected:  None
Encoding: | 00 | 0000 | 0000 | 1001 |
Description: Return from Interrupt. Stack is POPed
and Top of Stack (TOS) is loaded in
the PC. Interrupts are enabled by set-
ting Global Interrupt Enable bit, GIE
(INTCON<7>). This is a two cycle
instruction.
Words: 1
Cycles: 2
Example RETFI E
After Interrupt
PC = TOS
GIE = 1
RETLW Return with Literal in W
Syntax: [ label] RETLW k
Operands: O0<k<255
Operation: k - (W);
TOS - PC
Status Affected:  None
Encoding: | 11 | 01xx | kkkk | kkkk |
Description: The W register is loaded with the eight
bit literal 'k'. The program counter is
loaded from the top of the stack (the
return address). This is a two cycle
instruction.
Words: 1
Cycles: 2
Example CALL TABLE ;Wcontains table
;of fset val ue
. ; Wnow has tabl e val ue
TABLE ADDNF PC ; W= of f set
RETLWK1 ;Begin table
RETLWk2 ;
RETLWkn ; End of table
Before Instruction
W = 0x07
After Instruction
W = value of k8
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RETURN Return from Subroutine RRF Rotate Right f through Carry
Syntax: [ labell RETURN Syntax: [ labell RRF f,d
Operands: None Operands: 0<f<127
Operation: TOS - PC do[o1]
Status Affected:  None Operation: See description below
Encoding: [ 00 [oooo [ooo0 1000 | Status Affected:  C
Description: Return from subroutine. The stack is Encoding: | 00 | 1100 | df ff | fref |
POPed and the top of the stack (TOS) Description: The contents of register 'f' are rotated
is loaded into the program counter. one bit to the right through the Carry
This is a two cycle instruction. Flag. If 'd" is O the result is placed in
Words: 1 the W registe_r. If d is 1 the result is
| placed back in register 'f'.
Cycles: 2
=[Cl~[Regitert ]~
Example RETURN €]
After Interrupt Words: 1
PC = TOS )
Cycles:
Example RRF REGL, 0
Before Instruction
REG1 = 1110 0110
C = 0
After Instruction
REG1 = 1110 0110
W = 0111 o011
C = 0
RLF Rotate Left f through Carry SLEEP
Syntax: [/abel] ~ RLF fd Syntax: [label] SLEEP
Operands: 0<f<127 Operands: None
d 0[0,1] )
) o Operation: 00h - WDT,
Operation: See description below 0 - WDT prescaler
Status Affected:  C 1-T0,
Encoding: | oo [1w01 [arft [fiff | 0-PD
Description: The contents of register 'f' are rotated Status Affected: TO, PD
one bit to the left through the Carry Encoding: | 00 | 0000 | 0110 | 0011 |
Flag. If 'd" is 0 the result is placed in Description: The power-down status bit, PD is

the W register. If 'd" is 1 the result is ) o=
stored back in register 'f. cleared. Tlme-ou_t status b_lt, TOis
set. Watchdog Timer and its pres-

caler are cleared.

The processor is put into SLEEP

Words: 1 mode with the oscillator stopped.
See Power-Down Mode (SLEEP) for
Cycles: 1 more details.
Example RLF REGL, 0 Words: 1
Before Instruction Cycles: 1
REG1 = 1110 0110
c = 0 Example: SLEEP
After Instruction
REG1 = 1110 0110
W = 1100 1100
C = 1
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SUBLW Subtract W from Literal
Syntax: [labell] SUBLW k
Operands: 0<k<255
Operation: k-(W) - (W)
Status C,DC, 7z
Affected:
Encoding: | 11 | 110x | kkkk | kkkk |
Description: The W register is subtracted (2's com-
plement method) from the eight bit literal
'k'. The result is placed in the W register.
Words: 1
Cycles: 1
Example 1: SUBLW  0x02
Before Instruction
W = 1
c = 7
After Instruction
W = 1
C = 1;resultis positive
Example 2: Before Instruction
w = 2
c = 7
After Instruction
w = 0
C = 1, resultis zero
Example 3: Before Instruction

w
C

After Instruction

W
C
tive

OxFF
0; result is nega-

SUBWF Subtract W from f
Syntax: [ label] SUBWF fd
Operands: 0<f<127
d 01[0,1]
Operation: ) - (W) - (dest)
Status C,DC, 7z
Affected:
Encoding: | oo | oow0 | dfff | fiff |
Description: Subtract (2's complement method) W reg-
ister from register 'f'. If 'd" is O the result is
stored in the W register. If 'd" is 1 the
result is stored back in register 'f'.
Words: 1
Cycles: 1
Example 1: SUBWF REGL, 1
Before Instruction
REG1 = 3
W = 2
C = ?
After Instruction
REG1 = 1
W = 2
C = 1, resultis positive
Example 2: Before Instruction
REG1 = 2
W = 2
C = 2
After Instruction
REG1 = 0
W = 2
C = 1;resultis zero
Example 3: Before Instruction
REG1 = 1
W = 2
Cc = ?
After Instruction
REG1 = OxFF
W = 2
C =  0; result is negative
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SWAPF Swap Nibbles in f XORLW Exclusive OR Literal with W
Syntax: [ label] SWAPF fd Syntax: [ label] XORLW k
Operands: 0<f<127 Operands: 0<k< 255
ddfo,1
) .4 Operation: (W) .XOR. k - (W)
Operation: (f<3:0>) - (dest<7:4>), .
(f<7:4>) - (dest<3:0>) Status Affected:  Z
Status Affected: ~ None Encoding: | 11 | 1010 | kkkk | kkkk |
i Description: The contents of the W register are
Encoding: | oo |1110 |dfff [ffff | XOR’ed with the eight bit literal 'k'.
Description: The upper and lower nibbles of regis- The result is placed in the W regis-
ter 'f' are exchanged. If'd"is O the ter.
result is placed in W register. If 'd" is 1 .
the result is placed in register 'f'. Words: 1
Words: 1 Cycles: 1
Cycles: 1 Example: XCORLW  OxAF
Example SWPE REG 0 Before Instruction
Before Instruction W= 0xBS
REGL = OxA5 After Instruction
After Instruction W= OxA
REG1 = OxA5
W = Ox5A
TRIS Load TRIS Register XORWF Exclusive ORW with f
Syntax: [label] TRIS f Syntax: [ label] XORWF f.d
Operands: 5<f<7 Operands: 0<f<127
Operation: (W) - TRIS register f; d0][0,1]
Status Affected: None Operation: (W) .XOR. (f) — (dest)
Encoding: | o0 [oo00 [0110 |offf Status Affected: ~ Z
Description: The instruction is supported for code Encoding: | 00 | 0110 | dff f | FEEf |
compatibility with the PIC16C5X prod- o -
ucts. Since TRIS registers are read- Description: Exc_luswe 'OR th_e corllt'ent's of the W
able and writable, the user can directly register with register 'f.. If 'd" is 0 the
address them. result is stored in the W register. If 'd’'
is 1 the result is stored back in register
Words: 1 g
Cycles: 1 Words: 1
ST Cycles: 1
To maintain upward compatibility
Example XCRWF REG 1

with future PIC16CXX products, do
not use this instruction.

Before Instruction

REG =  OxAF

W = 0xB5
After Instruction

REG =  Ox1A

w = OxB5
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NOTES:
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16.0 DEVELOPMENT SUPPORT

16.1 Development Tools

The PIC16/17 microcontrollers are supported with a full
range of hardware and software development tools:

* PICMASTER/PICMASTER CE Real-Time
In-Circuit Emulator

* |CEPIC Low-Cost PIC16C5X and PIC16CXXX
In-Circuit Emulator

« PRO MATE" Il Universal Programmer

 PICSTART" Plus Entry-Level Prototype
Programmer

e PICDEM-1 Low-Cost Demonstration Board

¢ PICDEM-2 Low-Cost Demonstration Board

* PICDEM-3 Low-Cost Demonstration Board

* MPASM Assembler

* MPLAB-SIM Software Simulator

e MPLAB-C (C Compiler)

» Fuzzy logic development system (fuzzyTECHD—MP)

16.2 PICMASTER: High Performance
Universal In-Circuit Emulator with

MPLAB IDE

The PICMASTER Universal In-Circuit Emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for all
microcontrollers in the PIC12C5XX, PIC14000,
PIC16C5X, PIC16CXXX and PIC17CXX families.
PICMASTER is supplied with the MPLABO Integrated
Development Environment (IDE), which allows editing,
“make” and download, and source debugging from a
single environment.

Interchangeable target probes allow the system to be
easily reconfigured for emulation of different proces-
sors. The universal architecture of the PICMASTER
allows expansion to support all new Microchip micro-
controllers.

The PICMASTER Emulator System has been
designed as a real-time emulation system with
advanced features that are generally found on more
expensive development tools. The PC compatible 386
(and higher) machine platform and Microsoft Windows"
3.x environment were chosen to best make these fea-
tures available to you, the end user.

A CE compliant version of PICMASTER is available for
European Union (EU) countries.

16.3 ICEPIC: Low-cost PIC16CXXX In-

Circuit Emulator

ICEPIC is a low-cost in-circuit emulator solution for the
Microchip PIC16C5X and PIC16CXXX families of 8-bit
OTP microcontrollers.

ICEPIC is designed to operate on PC-compatible
machines ranging from 286-AT- through Pentium0
based machines under Windows 3.x environment.
ICEPIC features real time, non-intrusive emulation.

16.4 PRO MATE Il: Universal Programmer

The PRO MATE Il Universal Programmer is a full-fea-
tured programmer capable of operating in stand-alone
mode as well as PC-hosted mode.

The PRO MATE Il has programmable VDD and VpP
supplies which allows it to verify programmed memory
at VDD min and VDD max for maximum reliability. It has
an LCD display for displaying error messages, keys to
enter commands and a modular detachable socket
assembly to support various package types. In stand-
alone mode the PRO MATE Il can read, verify or pro-
gram PIC16C5X, PIC16CXXX, PIC17CXX and
PIC14000 devices. It can also set configuration and
code-protect bits in this mode.

16.5 PICSTART Plus Entry Level

Development System

The PICSTART programmer is an easy-to-use, low-
cost prototype programmer. It connects to the PC via
one of the COM (RS-232) ports. MPLAB Integrated
Development Environment software makes using the
programmer simple and efficient. PICSTART Plus is
not recommended for production programming.

PICSTART Plus supports all PIC12C5XX, PIC14000,
PIC16C5X, PIC16CXXX and PIC17CXX devices with
up to 40 pins. Larger pin count devices such as the
PIC16C923 and PIC16C924 may be supported with an
adapter socket.
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16.6 PICDEM-1 Low-Cost PIC16/17
Demonstration Board

The PICDEM-1 is a simple board which demonstrates
the capabilities of several of Microchip’s microcontrol-
lers. The microcontrollers supported are: PIC16C5X
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X,
PIC16C71, PIC16C8X, PIC17C42, PIC17C43 and
PIC17C44. All necessary hardware and software is
included to run basic demo programs. The users can
program the sample microcontrollers provided with
the PICDEM-1 board, on a PRO MATE Il or
PICSTART-16B programmer, and easily test firm-
ware. The user can also connect the PICDEM-1
board to the PICMASTER emulator and download
the firmware to the emulator for testing. Additional pro-
totype area is available for the user to build some addi-
tional hardware and connect it to the microcontroller
socket(s). Some of the features include an RS-232
interface, a potentiometer for simulated analog input,
push-button switches and eight LEDs connected to
PORTB.

16.7 PICDEM-2 Low-Cost PIC16CXX
Demonstration Board

The PICDEM-2 is a simple demonstration board that
supports the PIC16C62, PIC16C64, PIC16C65,
PIC16C73 and PIC16C74 microcontrollers. All the
necessary hardware and software is included to
run the basic demonstration programs. The user
can program the sample microcontrollers provided
with the PICDEM-2 board, on a PRO MATE Il pro-
grammer or PICSTART-16C, and easily test firmware.
The PICMASTER emulator may also be used with the
PICDEM-2 board to test firmware. Additional prototype
area has been provided to the user for adding addi-
tional hardware and connecting it to the microcontroller
socket(s). Some of the features include a RS-232 inter-
face, push-button switches, a potentiometer for simu-
lated analog input, a Serial EEPROM to demonstrate
usage of the 12C bus and separate headers for connec-
tion to an LCD module and a keypad.

16.8 PICDEM-3 Low-Cost PIC16CXXX
Demonstration Board

The PICDEM-3 is a simple demonstration board that
supports the PIC16C923 and PIC16C924 in the PLCC
package. It will also support future 44-pin PLCC
microcontrollers with a LCD Module. All the neces-
sary hardware and software is included to run the
basic demonstration programs. The user can pro-
gram the sample microcontrollers provided with
the PICDEM-3 board, on a PRO MATE Il program-
mer or PICSTART Plus with an adapter socket, and
easily test firmware. The PICMASTER emulator may
also be used with the PICDEM-3 board to test firm-
ware. Additional prototype area has been provided to
the user for adding hardware and connecting it to the
microcontroller socket(s). Some of the features

include an RS-232 interface, push-button switches, a
potentiometer for simulated analog input, a thermistor
and separate headers for connection to an external
LCD module and a keypad. Also provided on the PIC-
DEM-3 board is an LCD panel, with 4 commons and 12
segments, that is capable of displaying time, tempera-
ture and day of the week. The PICDEM-3 provides an
additional RS-232 interface and Windows 3.1 software
for showing the demultiplexed LCD signals on a PC. A
simple serial interface allows the user to construct a
hardware demultiplexer for the LCD signals. PICDEM-
3 will be available in the 3rd quarter of 1996.

16.9 MPLAB Integrated Development
Environment Software

The MPLAB IDE Software brings an ease of software
development previously unseen in the 8-bit microcon-
troller market. MPLAB is a windows based application
which contains:

» Afull featured editor
» Three operating modes
- editor
- emulator
- simulator
« A project manager
» Customizable tool bar and key mapping
» A status bar with project information
« Extensive on-line help

MPLAB allows you to:

« Edit your source files (either assembly or ‘C’)

« One touch assemble (or compile) and download
to PIC16/17 tools (automatically updates all
project information)

» Debug using:

- source files
- absolute listing file

« Transfer data dynamically via DDE (soon to be
replaced by OLE)

* Run up to four emulators on the same PC

The ability to use MPLAB with Microchip’s simulator
allows a consistent platform and the ability to easily
switch from the low cost simulator to the full featured
emulator with minimal retraining due to development
tools.

16.10 Assembler (MPASM)

The MPASM Universal Macro Assembler is a PC-
hosted symbolic assembler. It supports all microcon-
troller series including the PIC12C5XX, PIC14000,
PIC16C5X, PIC16CXXX, and PIC17CXX families.

MPASM offers full featured Macro capabilities, condi-
tional assembly, and several source and listing formats.
It generates various object code formats to support
Microchip's development tools as well as third party
programmers.
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MPASM allows full symbolic debugging from
the Microchip Universal Emulator System
(PICMASTER).

MPASM has the following features to assist in develop-
ing software for specific use applications.
» Provides translation of Assembler source code to
object code for all Microchip microcontrollers.
* Macro assembly capability.
« Produces all the files (Object, Listing, Symbol,
and special) required for symbolic debug with
Microchip’s emulator systems.
» Supports Hex (default), Decimal and Octal
source and listing formats.
MPASM provides a rich directive language to support
programming of the PIC16/17. Directives are helpful in

making the development of your assemble source
code shorter and more maintainable.

16.11 Software Simulator (MPLAB-SIM)

The MPLAB-SIM Software Simulator allows code
development in a PC host environment. It allows the
user to simulate the PIC16/17 series microcontrollers
on an instruction level. On any given instruction, the
user may examine or modify any of the data areas or
provide external stimulus to any of the pins. The input/
output radix can be set by the user and the execution
can be performed in; single step, execute until break,
or in a trace mode.

MPLAB-SIM fully supports symbolic debugging using
MPLAB-C and MPASM. The Software Simulator offers
the low cost flexibility to develop and debug code out-
side of the laboratory environment making it an excel-
lent multi-project software development tool.

16.12 C Compiler (MPLAB-C)

The MPLAB-C Code Development System is a com-
plete ‘C’ compiler and integrated development environ-
ment for  Microchip's PIC16/17 family  of
microcontrollers. The compiler provides powerful inte-
gration capabilities and ease of use not found with
other compilers.

For easier source level debugging, the compiler pro-
vides symbol information that is compatible with the
MPLAB IDE memory display (PICMASTER emulator
software versions 1.13 and later).

16.13 Fuzzy Logic Development System

(fuzzyTECH-MP)

fuzzyTECH-MP fuzzy logic development tool is avail-
able in two versions - a low cost introductory version,
MP Explorer, for designers to gain a comprehensive
working knowledge of fuzzy logic system design; and a
full-featured version, fuzzyTECH-MP, edition for imple-
menting more complex systems.

Both versions include Microchip’s fuzzyl ABO demon-
stration board for hands-on experience with fuzzy logic
systems implementation.

16.14 MP-DriveWay[J — Application Code
Generator

MP-DriveWay is an easy-to-use Windows-based Appli-
cation Code Generator. With MP-DriveWay you can
visually configure all the peripherals in a PIC16/17
device and, with a click of the mouse, generate all the
initialization and many functional code modules in C
language. The output is fully compatible with Micro-
chip’'s MPLAB-C C compiler. The code produced is
highly modular and allows easy integration of your own
code. MP-DriveWay is intelligent enough to maintain
your code through subsequent code generation.

16.15 SEEVAL" Evaluation and
Programming System

The SEEVAL SEEPROM Designer’s Kit supports all
Microchip 2-wire and 3-wire Serial EEPROMs. The kit
includes everything necessary to read, write, erase or
program special features of any Microchip SEEPROM
product including Smart Serials] and secure serials.
The Total Endurancel] Disk is included to aid in trade-
off analysis and reliability calculations. The total kit can
significantly reduce time-to-market and result in an
optimized system.

16.16 TrueGaugeU Intelligent Battery
Management

The TrueGauge development tool supports system
development with the MTA11200B TrueGauge Intelli-
gent Battery Management IC. System design verifica-
tion can be accomplished before hardware prototypes
are built. User interface is graphically-oriented and
measured data can be saved in a file for exporting to
Microsoft Excel.

16.17 KEeeLoo"” Evaluation and
Programming Tools

KEELOQ evaluation and programming tools support
Microchips HCS Secure Data Products. The HCS eval-
uation kit includes an LCD display to show changing
codes, a decoder to decode transmissions, and a pro-
gramming interface to program test transmitters.
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DEVELOPMENT TOOLS FROM MICROCHIP
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17.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings T

Ambient tEMPErature UNGET DIAS..........ccviviiieieieeie ettt e ete et e ete e eteeeteeeeeteeaestesaesteeaesreesaesreesreeseens -55°C to +125°C
SEOraAgE LEMPEIALUIE ....ceiiiiiieee e ee ettt ettt et et e e aaaeaaeaaae e s s e e aabnbbb e be b e s e e e e e e e eeaeeaaaaaaeaaaesesanannnnn -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD and MCLR) ........ccocvovvevieevereeeeeee e, -0.3V to (VDD + 0.3V)
Voltage 0N VDD With FESPECE L0 VSS .....eiiiiiiiiiiiii ettt e e ettt e e e e et e e e e sante et e e e e eannneeeaeeeanees 0V to +7.5V
Voltage on MCLR With TESPECE L0 VSS ....viviviieieeieieeeteect ettt sttt st s st es st see st et et e sateseaneseene s 0V to +14V
Total power diSSIPAtION (NOLE 1)....cceiiiiiiiiieei ittt e et e ettt e ettt e e e e e e sttt eea e e e anebeeeaesasbeeeeaeaasneeeaaeeaansaneeaasaanneneas 1.0w
Maximum CUITENE OUL OF WSS PN ...vuiiiiiiiiiiiie ettt e e et e e e s et e e e e et b e e e e e e e s atbeeeeeesstaaeeaeesssntbeeeeessnsbaaaaeean 300 mA
Maximum CUITENE INTO VDD PN ...ttt ettt e e e e ettt e e e e e ate et e e e s e saeeeeaeeaamsbeeeaeeaanseeeeaeeeannsseaaeesansrnneaaaan 250 mA
Input clamp current, K (V1< O OF VI3 VDD) c..uuuiiiiiiiiiiiiee e e sttt e e s ettt e e e s ettt e e e e e sataa e e e e s stbaaaaeesssasaeeaeesssbseeeeesansaeees 20.mA:
Output clamp current, 10K (VO < 0 OF VO 3 VDD) ....oiuiiiiiiaiiiieiee e ettt e e e ettt e e e e s tte e e e e e s beeeeaeeaanaeeeaaeeaansreeaaeaanreeeas 20.mA
Maximum output current SUNK BY @ny 1/O PN ..ot e e e e e e s e e e e e earraaaaeaan 10 mA
Maximum output current sourced by any 1/O PIN ....oooo i e e 10 mA
Maximum current sunk by all Ports COMDINEA ..........cooiiiiiii e e e 200 mA
Maximum current sourced by all POrts COMDINEA ...........uiiiiii et 200 mA

Note 1: Power dissipation is calculated as follows: Ppis = VDD X {IDD - ¥ IoH} + Y {(VDD - VOH) X loH} + ¥ (Vol x loL)

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS

AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)

TABLE 17-1:
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17.1  DC Characteristics: P1C16C923/924-04 (Commercial, Industrial)
P1C16C923/924-08 (Commercial, Industrial)
Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for industrial and
0°C < TA < +70°C for commercial
Param Characteristic Sym Min | Typt | Max | Units Conditions
No.
D001 |Supply Voltage VDD 4.0 - 6.0 V [ XT, RC and LP osc configuration
DO01A 45 - 55 V | HS osc configuration
D002* | RAM Data Retention VDR - 15 - V | Device in SLEEP mode
Voltage (Note 1)
D003 |VDD start voltage to VPOR - Vss - V | See Power-on Reset section for details
ensure internal
Power-on Reset signal
D004* | VDD rise rate to ensure | SvDD 0.05 - - | VIms | (Note 6) See Power-on Reset section for
internal Power-on details
Reset signal
D010 | Supply Current (Note 2) | IbD - 2.7 5 mA | XT and RC osc configuration
Fosc =4 MHz, VDD = 5.5V (Note 4)
D011 - 13.5| 30 | pA |LP osc configuration,
Fosc = 32 kHz, VbD = 4.0V
D012 - 3.5 7 mA | HS osc configuration
Fosc = 8 MHz, VbD = 5.5V
D020 |Power-down Current IPD - 15| 21 HA | VDD = 4.0V
(Note 3)
Module Differential Cur-
rent (Note 5)
D021 |Watchdog Timer AlwDT - 6.0 | 20 | HA |VDD=4.0V
D022 |LCD internal RC osc AILCDRC - 6.0 | 20 | HA |VDD=4.0V
enabled
D024* | LCD voltage generation |AlLcDVG - TBD |TBD| pA | VDD =4.0V
D025 | Timerl oscillator AlTlosc - 10.6 | 17 HA | VDD = 4.0V
D026 |A/D Converter AIAD - 1.0 - HA | A/D on, not converting
* These parameters are characterized but not tested.
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.
Note 1: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an
impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSCL1 = external square wave, from rail to rail; all I/O pins tristated, pulled to VDD
MCLR = VDD.

3: The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VbD and Vss.

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti-
mated by the formula Ir = VDD/2Rext (mA) with Rext in kOhm.

5. The A current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IbD or IPD measurement.

6: PWRT must be enabled for slow ramps.
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17.2  DC Characteristics: PIC16LC923/924-04 (Commercial, Industrial)
Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for industrial and
0°C < TA < +70°C for commercial
Param Characteristic Sym Min | Typt| Max | Units Conditions
No.
D001 |Supply Voltage VDD 3.0 - 6.0 V  |LP, XT, RC osc configuration
D002* | RAM Data Retention VDR - 15 - V | Device in SLEEP mode
Voltage (Note 1)
D003 |VDD start voltage to VPOR - Vss - V | See Power-on Reset section for details
ensure internal
Power-on Reset signal
D004* | VDD rise rate to ensure | SvDD 0.05 - - | VIms | (Note 6) See Power-on Reset section for
internal Power-on details
Reset signal
D010 | Supply Current (Note 2) |IpD - 2.0 | 3.8 | mA |XT and RC osc configuration
Fosc =4 MHz, VDD = 3.0V (Note 4)
D011 - 225 | 48 | pA |LP osc configuration,
Fosc = 32 kHz, VbD = 4.0V
D020 |Power-down Current IPD - 0.9 5 MA | VDD = 3.0V
(Note 3)
Module Differential Cur-
rent (Note 5)
D021 |Watchdog Timer AlWDT - 6.0 | 20 | PA |VDD=3.0V
D022 |LCD internal RC osc AILCDRC - 6.0 | 20 | MA |VDD=3.0V
enabled
D024* |LCD voltage generation |AlLCDVG - TBD |TBD| pA |VDD = 3.0V
D025 | Timerl oscillator AlTlosc - 31 | 65| pA |VDD=3.0V
D026 |A/D Converter AlAD - 1.0 - HA | A/D on, not converting
* These parameters are characterized but not tested.
T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.
Note 1: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an
impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSCL1 = external square wave, from rail to rail; all I/O pins tristated, pulled to VbD
MCLR = VDD.

3: The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD and Vss.

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti-
mated by the formula Ir = VDD/2Rext (mA) with Rext in KOhm.

5: The A current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IDD or IPD measurement.

6: PWRT must be enabled for slow ramps.
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17.3

DC Characteristics:

P1C16C923/924-04 (Commercial, Industrial)
PIC16C923/924-08 (Commercial, Industrial)
PIC16LC923/924-04 (Commercial, Industrial)

Standard Operating Conditions (unless otherwise stated)

Operating temperature -40°C < TA <+85°C for industrial and
DC CHARACTERISTICS P ° P 0°C < TA £ +70°C for commercial
Operating voltage VDD range as described in DC spec
Param Characteristic Sym Min |Typ Max |Units Conditions
No. t
Input Low Voltage
I/O ports ViL
D030 with TTL buffer Vss - |0.15VpD| V |For entire VDD range
Vss - 10.8vpD| V |45V <VDD<5.5V
D031 with Schmitt Trigger buffer Vss - 10.2vbD| V
D032 |MCLR, RA4/TOCKI,0SC1 Vss - 10.2vbD| V
(in RC mode)
D033 |[OSCL1 (in XT, HS and LP) Vss - 10.3vbDb| V |Notel
Input High Voltage
I/O ports VIH -
D040 with TTL buffer 2.0 - VDD V |45V <VDD<5.5V
DO40A 0.25VDD| - VDD V  |For entire VDD range
+ 0.8V
D041 with Schmitt Trigger buffer 0.8VDbD | - VDD \%
D042 |MCLR, RA4/TOCKI, RBO/INT 0.8vpD| - | VDD \Y,
D042A |[OSCL1 (XT, HS and LP) 0.7vpbD | - | VDD V  [Notel
D043 |[OSC1 (in RC mode) 0.9vDpD | - | VDD \Y,
D070 |PORTB weak pull-up current IPURB 50 |250, 400 HA (VDD =5V, VPIN = VSS
Input Leakage Current
(Notes 2, 3)
D060 (I/O ports I - - +0.5 HA |Vss < VPIN £ VDD, Pin at hi-Z
D061 |MCLR, RA4/TOCKI - - +5 PA |Vss < VPIN < VDD
D063 |OSC1 - - +5 HA |Vss <VPIN £VDD, XT, HS and LP osc
configuration
Output Low Voltage
D080 (I/O ports VoL - - 0.6 V |loL=4.0 mA, VDD = 4.5V
D083 |OSC2/CLKOUT (RC osc config) - - 0.6 V |loL=1.6 mA, VDD = 4.5V
Output High Voltage
D090 |I/O ports (Note 3) VoH VDD - 0.7] - - V |loH =-3.0 mA, VDD = 4.5V
D092 |OSC2/CLKOUT (RC osc config) VoD - 0.7 - - V |loH =-1.3 mA, VDD = 4.5V
Capacitive Loading Specs on
Output Pins
D100* |[OSC2 pin Cosc2 - - 15 pF [In XT, HS and LP modes when exter-
nal clock is used to drive OSC1.
D101* |All I/O pins and OSC2 (in RC) Cio - - 50 pF
D102* |scL, SDAin I>C mode Cs - - | 400 | pF
t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.
Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
PIC16C9XX be driven with external clock in RC mode.
2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified lev-

els represent normal operating conditions. Higher leakage current may be measured at different input volt-

ages.

3: Negative current is defined as coming out of the pin.

0 1996 Microchip Technology Inc.

Preliminary

DS30444D-page 143




PIC16C9XX

FIGURE 17-1: LCD VOLTAGE WAVEFORM

'D223! ' D224
, : . .
Vicp3 5 ! : -
VLcp2 ! !
Vicpl : :
Vss
TABLE 17-2: LCD MODULE ELECTRICAL SPECIFICATIONS
Parameter Sym Characteristic Min Typt Max Units Conditions
No.
D200 VLCD3 |LCD Voltage on pin VoD - 0.3 — Vss + 7.0 \
VLcb3
D201 VLCD2 |LCD Voltage on pin Vss - 0.3 — VLcD3 \
VLcb2
D202 Vicpl | LCD Voltage on pin Vss - 0.3 — VDD \
Viebpl
D210* RcomM | Com Output Source — — 1k ohm | COM outputs
Impedance
D211* RSEG | Seg Output Source — — 10k ohm | SEG outputs
Impedance
D220 VOH Output High Max VLCDN - — Max VLCDN V | COM outputs IoH = 25 pA
Voltage 0.1 SEG outputs IoH = 3 pA
D221 VoL Output Low Voltage Min VLCDN — | Min VLCDN + V | COM outputs loL = 25 pA
0.1 SEG outputs loL = 3 pA
D222* FLCDRC | LcDRc Oscillator Fre- — 14 22 kHz |VDD =5V, -40°C to +85°C
quency
D223* TrLcD | Output Rise Time — — 200 us | COM outputs Cload = 5,000 pF
SEG outputs Cload = 500 pF
VDD =5.0V, T = 25°C
D224* TfLCD | Output Fall Time (1) TrLCD - — TrLCcD + us | COM outputs Cload = 5,000 pF
0.05TrLCcD 0.05TrLCcD SEG outputs Cload = 500 pF
VDD = 5.0V, T =25°C

* These parameters are characterized but not tested.

t Data in “Typ” column is at 5V, 25°C unless otherwise stated.

tested.

(1) 0 ohm source impedance at VLCD.

These parameters are for design guidance only and are not
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TABLE 17-3:  VLcb CHARGE PUMP ELECTRICAL SPECIFICATIONS

Parzn;eter Symbol Characteristic Min | Typ Max Units | Conditions

D250* IVADJ VLCDADJ regulated current output — 10 — HA

D251 Ivr VLCDADJ Current consumption — — 20 HA

D252* A IvADJ/A VDD | VLCDADJ current VDD Rejection — — 0.111 HAN

D253* AIVADJ/AT | VLCDADJ current variation with temperature — — 0.1/70 | pA/C

D260* RvADJ VLCDADJ external resistor 100 — 230 kQ Note 1
D265* VVADJ VLCDADJ voltage limits 1.0 — 2.3 \%

D271* CECPC External Charge Pump Capacitance — 0.5 — UF Note 1

* These parameters are characterized but not tested.
Note 1: For design guidance only.
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17.4 Timing Parameter Symbology

The timing parameter symbols have been created following one of the following formats:

1. TppS2ppS 3. Tccist (1°C specifications only)
2. TppS 4.Ts (1°C specifications only)
T

F Frequency T Time

Lowercase letters (pp) and their meanings:
pp

cc CCP1 0osc 0OSC1

ck CLKOUT rd RD

cs CsS rw RD or WR

di SDI sc SCK

do SDO ss SS

dt Data in to TOCKI

io 1/0 port t1 T1CKI

mc MCLR wr WR

Uppercase letters and their meanings:
S

F Fall P Period

High R Rise

I Invalid (Hi-impedance) \% Valid

L Low z Hi-impedance
12C only

AA output access High High

BUF Bus free Low Low

Tcc:st (IZC specifications only)
CcC

HD Hold SuU Setup
ST

DAT DATA input hold STO STOP condition

STA START condition
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FIGURE 17-2: LOAD CONDITIONS
Load condition 1 Load condition 2

\VbD/2

RL

Pin _T_ C Pin T CL

Vss Vss

RL = 464Q
CL

50 pF for all pins except OSC2 unless otherwise noted.
15 pF for OSC2 output
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17.5

Timing Diagrams and Specifications

FIGURE 17-3: EXTERNAL CLOCK TIMING

: Q4 : Q1 Q2 . Q3 Q4 Q1 i
osci _ /: : | : : : |
:<—1—>: <—>.3 <—>3 d —>-4:<— —>:4.<—
CLKOUT
TABLE 17-4: EXTERNAL CLOCK TIMING REQUIREMENTS
Parameter Sym | Characteristic Min Typt Max Units | Conditions
No.
Fosc | External CLKIN Frequency DC — 4 MHz | XT and RC osc mode
(Note 1) DC — 8 MHz | HS osc mode
DC — 200 kHz |LP osc mode
Oscillator Frequency DC — 4 MHz | RC osc mode
(Note 1) 0.1 — 4 MHz | XT osc mode
4 — 8 MHz | HS osc mode
5 — 200 kHz |LP osc mode
1 Tosc | External CLKIN Period 250 — — ns | XT and RC osc mode
(Note 1) 125 — — ns | HS osc mode
5 — — us | LP osc mode
Oscillator Period 250 — — ns | RC osc mode
(Note 1) 250 — 10,000 | ns |XT osc mode
125 — 250 ns |HS osc mode
5 — — us | LP osc mode
2 Tcy | Instruction Cycle Time (Note 1) 500 — DC ns | Tcy =4/Fosc
3 TosL, | External Clock in (OSC1) High or 50 — — ns | XT oscillator
TosH | Low Time 25 — — ps | LP oscillator
10 — — ns | HS oscillator
4 TosR, | External Clock in (OSC1) Riseor Fall| — — 25 ns | XT oscillator
TosF | Time — — 50 ns | LP oscillator
— — 15 ns | HS oscillator
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note 1: Instruction cycle period (Tcy) equals four times the input oscillator time-base period. All specified values are based on

characterization data for that particular oscillator type under standard operating conditions with the device executing code.
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con-
sumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1/CLKIN pin.

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices.
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FIGURE 17-4: CLKOUT AND I/O TIMING

Q4 Z Q1 Z Q2 Z Q3 Z
» 10 s e :
CLKOUT L \k Co | ; [ ;
el - C ! e :
[ 13, ' ' | ' 12! '
o ' 14 ! :19. '*18—>: ' ' 16 '
[ - - '<—|—>: | ' —— -— '
I/0 Pin -
(input) ¢ 0 }
e 17— -—— 15 : f !
1/O Pin : K/ - - -
(output) old value : X : : new value :
Z = l-— Z Z Z
' 20, 21 ' ' '
Refer to Figure 17-2 for load conditions.
TABLE 17-5: CLKOUT AND /O TIMING REQUIREMENTS
Parameter | Sym Characteristic Min Typt Max Units | Conditions
No.
10* TosH2ckL | OSC1t to CLKOUT! — 75 200 ns Note 1
11* TosH2ckH | OSC1t to CLKOUT? — 75 200 ns Note 1
12* TckR CLKOUT rise time — 100 ns Note 1
13* TckF CLKOUT fall time — 100 ns Note 1
14* TckL2ioV | CLKOUT ¢ to Port out valid — — | 0.5Tcy+20 | ns Note 1
15* TioV2ckH | Port in valid before CLKOUT 1 0.25Tcy +200| — — ns Note 1
16* TckH2iol Port in hold after CLKOUT 1 0 — — ns Note 1
17* TosH2ioV | OSC11t (Q1 cycle) to — 50 150 ns
Port out valid
18* TosH2iol | OSC1t (Q2 cycle) to 100 — — ns
Port input invalid (1/O in hold time)
19* TioV2osH | Port input valid to OSC1t (/O in setup time) 0 — — ns
20* TioR Port output rise time PIC16C923/924 — 10 40 ns
PIC16LC923/924 — — 80 ns
21* TioF Port output fall time PIC16C923/924 — 10 40 ns
PIC16LC923/924 — — 80 ns
221t* Tinp INT pin high or low time Tey — — ns
23tt* Trbp RB7:RB4 change INT high or low time Tey — — ns
These parameters are characterized but not tested.
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance

only and are not tested.
Tt These parameters are asynchronous events not related to any internal clock edges.
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x TosC.
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FIGURE 17-5: RESET,WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP

TIMER TIMING
, ¢
' )
VDD /
Z ¢
__ ! 2’
MCLR / \ /
Internal :<_ 30— (>(>
POR | .
- 33— : (¢
PWRT ; : )
Time-out ' 32 . :
- «
osc : ”
Time-out :
i «
Internal : . 2
RESET |
Watchdog . . ()()
Timer ' X :
RESET : . !
o ' 31 ) .
34 — 34—
1/O Pins > /
Refer to Figure 17-2 for load conditions.

TABLE 17-6: RESET,WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER REQUIREMENTS

Parameter Sym | Characteristic Min Typt Max | Units Conditions

No.

30 TmcL | MCLR Pulse Width (low) 2000 — — ns

31* Twdt | Watchdog Timer Time-out Period 7 18 33 ms | VDD =5V, -40°C to +85°C
(No Prescaler)

32 Tost | Oscillation Start-up Timer Period — 1024Tosc — — | Tosc = OSC1 period

33* Tpwrt | Power-up Timer Period 28 72 132 ms | VDD =5V, -40°C to +85°C

34 Tioz | |/O Hi-impedance from MCLR Low | — — 2000 | ns
or Watchdog Timer Reset

* These parameters are characterized but not tested.
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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FIGURE 17-6: TIMERO AND TIMER1 CLOCK TIMINGS

I
RA4/TOCKI / K
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- 47 -

TMRO or
TMRL X

Refer to Figure 17-2 for load conditions.

TABLE 17-7: TIMERO AND TIMER1 CLOCK REQUIREMENTS

Param Sym |Characteristic Min Typt| Max |[Units|Conditions
No.
40% TtOH | TOCKI High Pulse Width No Prescaler 0.5Tcy + 20 — | — | ns
With Prescaler 10 — | — ns
41* TtOL | TOCKI Low Pulse Width No Prescaler 0.5Tcy + 20 — | — ns
With Prescaler 10 — | — ns
42* TtOP | TOCKI Period Tcy +40 — | — ns |N = prescale value
N (1,2, 4,..., 256)
45* TtlH [T1CKI High |Synchronous, no prescaler 0.5Tcy + 20 — | — ns
Time Synchronous, |PIC16C923/924 10 — | — | ns
with prescaler  p\c161 c923/924 20 —| =1 ns
Asynchronous 2Tcy — — ns
46* TtiL T1CKI Low Synchronous, no prescaler 0.5Tcy + 20 — — ns
Time Synchronous, |PIC16C923/924 10 — | — ns
with prescaler  pic161 c923/924 20 — | =1 ns
Asynchronous 2Tcy — | = ns
47* TtlP  |T1CKl input |Synchronous Tcy + 40 — | = ns |N = prescale value
period N (1,2,4,8)
Asynchronous 4Tcy — | — ns
Ftl Timer1 oscillator input frequency range DC — | 200 | kHz
(oscillator enabled by setting the TLIOSCEN bit)
48 Tcke2tmrl | Delay from external clock edge to timer increment 2Tosc — |7Tosc| —
* These parameters are characterized but not tested.
T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.

0 1996 Microchip Technology Inc. Prelimi nary DS30444D-page 151



PIC16C9XX

FIGURE 17-7: CAPTURE/COMPARE/PWM TIMINGS

RC2/CCP1
(Capture Mode)

RC2/CCP1
(Compare or PWM Mode)

Refer to Figure 17-2 for load conditions.

TABLE 17-8: CAPTURE/COMPARE/PWM REQUIREMENTS

Parameter | Sym |Characteristic Min Typt| Max | Units|Conditions
No.
50* TecL |Input Low Time | No Prescaler 05Tcy+20 | — | — | ns
With Prescaler |PIC16C923/924 10 — | = ns
PIC16LC923/924 20 — | — | ns
51* TeeH |input High Time | No Prescaler 05Tcy+20 | — | — ns
With Prescaler |PIC16C923/924 10 — — ns
PIC16LC923/924 20 — — ns
52* TeeP | Input Period 3Tcy +40 — | = ns |N = prescale value
N (1,4 or 16)
53* TccR |Output Rise Time — 10 | 25 ns
54* TccF |Output Fall Time PIC16C923/924 — 10 25 ns
PIC16LC923/924 — — 45 ns

* These parameters are characterized but not tested.
T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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FIGURE 17-8:

SPI MASTER MODE TIMING (CKE = 0)

ScK
(CKP = 0)

SCK
(CKP =1)

SDO

SDI

Refer to Figure 17-2 for load conditions.

FIGURE 17-9: SPI MASTER MODE TIMING (CKE = 1)

L= 73—

SDO

SDI

C Y ) Y
X:V ' MSB ;X; BIT6—(—(————1 LSB

7--1 LSB IN

Refer to Figure 17-2 for load conditions.
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FIGURE 17-10: SPI SLAVE MODE TIMING (CKE = 0)

ST
7

75,76 7

SDI

Refer to Figure 17-2 for load conditions.

FIGURE 17-11: SPI SLAVE MODE TIMING (CKE = 1)

Refer to Figure 17-2 for load conditions.
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TABLE 17-9: SPI MODE REQUIREMENTS

Parameter Sym Characteristic Min Typt Max Units Conditions

No.

70* TssL2scH, SS1 to SCK! or SCK1 input Tcy — — ns
TssL2scL

71* TscH SCK input high time (slave mode) Tcy + 20 — — ns

72* TscL SCK input low time (slave mode) Tcy + 20 — — ns

73* TdiV2scH, Setup time of SDI data input to SCK 100 — — ns
TdiV2scL edge

74* TscH2diL, Hold time of SDI data input to SCK 100 — — ns
TscL2diL edge

75*% TdoR SDO data output rise time — 10 25 ns

76* TdoF SDO data output fall time — 10 25 ns

77* TssH2doZ SSt to SDO output hi-impedance 10 — 50 ns

78* TscR SCK output rise time (master mode) — 10 25 ns

79* TscF SCK output fall time (master mode) — 10 25 ns

80* TscH2doV, SDO data output valid after SCK — — 50 ns
TscL2doV edge

81* TdoV2scH, SDO data output setup to SCK Tcy — — ns
TdoV2scL edge

82* TssL2doV SDO data output valid after SS. — — 50 ns

edge

83* TscH2ssH, SS 1 after SCK edge 1.5Tcy + 40 — — ns

TscL2ssH

Characterized but not tested.
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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FIGURE 17-12: I°C BUS START/STOP BITS TIMING

SCL
SDA —X ! SS \ : j |
Lo (« o
! ! 2 ! !
N .
START STOP
Condition Refer to Figure 17-2 for load conditions. Condition
TABLE 17-10: 1°C BUS START/STOP BITS REQUIREMENTS
Parameter Sym Characteristic Min | Typ | Max | Units Conditions
No.
90* Tsu:sTA |START condition 100 kHz mode 4700 | — | — ns Only relevant for repeated START
Setup time condition
91* THD:STA |START condition 100 kHz mode 4000 | — | — ns After this period the first clock
Hold time pulse is generated
92* Tsu:sTo |STOP condition 100 kHz mode 4700 | — | — ns
Setup time
93* THD:sTO |STOP condition 100 kHz mode 4000 | — | —
) ns
Hold time

*

Characterized but not tested.
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FIGURE 17-13: I°C BUS DATA TIMING
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Refer to Figure 17-2 for load conditions.
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TABLE 17-11: 1°C BUS DATA REQUIREMENTS

Parameter Sym Characteristic Min Max Units Conditions
No.
100* THIGH | Clock high time 100 kHz mode 4.0 — ps PIC16C9XX must operate at a
minimum of 1.5 MHz
SSP Module 1.5Tcy —
101* TLow Clock low time 100 kHz mode 4.7 — us PIC16C9XX must operate at a
minimum of 1.5 MHz
SSP Module 1.5Tcy —
102* TR SDA and SCL rise 100 kHz mode — 1000 ns
time
103* TF SDA and SCL fall time | 100 kHz mode — 300 ns
90* Tsu:sTA |START condition 100 kHz mode 4.7 — ps Only relevant for repeated
setup time START condition
91* THD:STA |START condition hold | 100 kHz mode 4.0 — us After this period the first clock
time pulse is generated
106* THD:DAT |Data input hold time 100 kHz mode 0 — ns
107* TSU:DAT |Data input setup time | 100 kHz mode 250 — ns
92* Tsu:sTo |STOP condition setup | 100 kHz mode 4.7 — us
time
109* TAA Output valid from 100 kHz mode — 3500 ns Note 1
clock
110* TBUF Bus free time 100 kHz mode 4.7 — us Time the bus must be free
before a new transmission
can start
D102* Cb Bus capacitive loading — 400 pF

* Characterized but not tested.

Note 1: As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300 ns) of
the falling edge of SCL to avoid unintended generation of START or STOP conditions.
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TABLE 17-12: A/D CONVERTER CHARACTERISTICS:
PIC16C923/924-04 (COMMERCIAL, INDUSTRIAL)

Parameter | Sym | Characteristic Min Typt Max Units Conditions
No.
NR | Resolution — — 8-bits — | VREF = VDD =5.12V, Vss < AN < VREF
NINT | Integral error — — less than — | VREF = VDD =5.12V, VSs < AIN < VREF
+1LSb
NDIF | Differential error — — less than — | VREF=VDD = 5.12V, Vss < AIN < VREF
+1LSb
NFs | Full scale error — — less than — | VREF=VDD =5.12V, Vss < AIN £ VREF
+1LSb
NoFr | Offset error — — less than — | VREF = VDD =5.12V, Vss < AIN < VREF
+1LSb
— Monotonicity — guaranteed — — | VSs < AIN £ VREF
VREF | Reference voltage 3.0v — VDD + 0.3 \
VAIN | Analog input voltage | Vss-0.3 — VREF + 0.3 \%
ZAIN | Recommended — — 10.0 kQ
impedance of analog
voltage source
laD | A/D conversion cur- — 180 — WA | Average current consumption when
rent (VDD) A/D is on. (Note 1)
IREF | VREF input current — — 1 mA | During sampling
(Note 2) 10 HA | All other times

* These parameters are characterized but not tested.
T Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.
Note 1:

any such leakage from the A/D module.

2: VREF current is from RA3 pin or VDD pin, whichever is selected as reference input.

When A/D is off, it will not consume any current other than minor leakage current. The power-down current spec includes
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TABLE 17-13: A/D CONVERTER CHARACTERISTICS:

PIC16LC923/924-04 (COMMERCIAL, INDUSTRIAL)

Parameter Sym | Characteristic Min Typt Max Units Conditions
No.
NR Resolution — — 8-bits — | VREF = VDD = 3.0V (Note 1)
NINT | Integral error — — less than — | VREF = VDD = 3.0V (Note 1)
+1LSb
NpiF | Differential error — — less than — | VREF = VDD = 3.0V (Note 1)
+1LSb
NFs | Full scale error — — less than — | VREF = VDD = 3.0V (Note 1)
+1LSb
NoFF | Offset error — — less than — | VREF = VDD = 3.0V (Note 1)
+1LSb
— Monotonicity — guaranteed — — | VSs < AN £ VREF
VREF | Reference voltage 3.0v — VpD + 0.3 \%
VAIN | Analog input voltage| Vss-0.3 — VREF + 0.3 \%
ZAIN | Recommended — — 10.0 kQ
impedance of ana-
log voltage source
IAD | A/ID conversion cur- — 180 — WA | Average current consumption when
rent (VDD) A/D is on. (Note 2)
IREF | VREF input current — — 1 mA | During sampling
(Note 3) 10 MA | All other times

*  These parameters are characterized but not tested.
t Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.

These specifications apply if VREF = 3.0V and if VDD = 3.0V. Vin must be between Vss and VREF

2: When A/D is off, it will not consume any current other than minor leakage current. The power-down current spec includes
any such leakage from the A/D module.
3: VREF current is from RA3 pin or VDD pin, whichever is selected as reference input.
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FIGURE 17-14: A/D CONVERSION TIMING
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Note 1: If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the
SLEEP instruction to be executed.

TABLE 17-14: A/D CONVERSION REQUIREMENTS

Parameter | Sym | Characteristic Min Typt Max Units Conditions
No.
130 Tap | A/D clock period PIC16C924 1.6 — — ps | Tosc based, VREF = 3.0V
PIC16LC924 2.0 — — us | Tosc based, VREF full range
PIC16C924 2.0 4.0 6.0 us | A/D RC Mode
PIC16LC924 3.0 6.0 9.0 us | A/D RC Mode
131 Tcnv | Conversion time — 9.5TAD — —
(not including S/H
time) (Note 1)
132 TACQ |Acquisition time Note 2 20 — us
* These parameters are characterized but not tested.
T Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.

Note 1: ADRES register may be read on the following Tcy cycle.
2: See A/D spec for min conditions.
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18.0 PACKAGING INFORMATION
18.1 64-Lead Plastic Surface Mount (TQFP 10x10x1 mm Body 1.0/0.10 mm Lead Form))

D1
D
D/2
T T 1
] o2
[T 1 1
E1 _:I:I:I
DETAILA
A2
l Datum Plane '
""""""" T 0.25
J b \ f 0.08 | t
: '_with Lead Finish Al R min. 0-7°
' , ) G PI
:0.0'5/0.20 \J| 0.0900.16: 0.20min. —| 1= augeTane
" =\ 1.00 ref.
""""" - Base Metal DETAIL B
Package Group: Plastic TQFP
Millimeters Inches
Symbol Min Nominal Max Min Nominal Max
a 0° - 7° 0° 7°
A - - 1.20
Al 0.05 0.10 0.15
A2 0.95 1.00 1.05
b 0.17 0.22 0.27
bl 0.17 0.20 0.23
D - 12.00 -
D1 - 10.00 -
E - 12.00 -
El - 10.00 -
e - 0.50 -
L 0.45 0.60 0.75
N - 64 - 64

0 1996 Microchip Technology Inc.
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18.2  64-Lead Plastic Dual In-line (750 mil)

l_|l_|l_|l_| Y Y Y

) |
pnNO_l_.LItl\jml | AL‘ e Jk

Indicator Area

- D >
— S - S1—» |- l
e || o
== IRAARFR
Plane L T
Bl—» || ~— —>e1<—TA1A2A
B —» «——
- D1 >
Package Group: Plastic Dual In-Line (PLA)
Millimeters Inches
Symbol Min Max Notes Min Max Notes
a 0° 15° 0° 15°
A - 5.08 - 0.200
Al 0.51 - 0.020 -
A2 3.38 4.27 0.133 0.168
B 0.38 0.56 0.015 0.022
Bl .076 1.27 Typical 0.030 0.050 Typical
C 0.20 0.30 Typical 0.008 0.012 Typical
D 57.40 57.91 2.260 2.280
D1 55.12 55.12 Reference 2.170 2.170 Reference
E 19.05 19.69 0.750 0.775
El 16.76 17.27 0.660 0.680
el 1.73 1.83 Typical 0.068 0.072 Typical
eA 19.05 19.05 Reference 0.750 0.750 Reference
eB 19.05 21.08 0.750 0.830
L 3.05 3.43 0.120 0.135
N 64 64 64 64
S 1.19 - 0.047 -
S1 0.686 - 0.027 -
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18.3 68-Lead Plastic L eaded Chip Carrier (Square)

D 0.812/0.661 y p:
o7 127 - ™ 0327026 " P
@D | o7 ©[B|DE® 050 5177
2 Sides /1 @ Ol A@
D1 ‘ IAl ZSidesA
nnnn_; ‘ Ea— DDQ'/E3_> D 0.101 | Seating
. \ ‘Tg i ——— .004 | Plane
A § N7 2 Ol lre®l ==
-G- E
LF-y |} E1 E 038 ’
4 4 D| %5 [Fe©® A
L
£ 0.177
D | 507 ©[A[Fc O
0.812/0.661
0.254 - ST AR
o Max o | A :032/.026
0508 0508 524y in
A ¥ 020 020 A :
i) ' t
{ 1.651 1.651 0.64 \io o
i - | |- Ogngy
R 1.14/0.64 R 1.14/0.64
.045/.025 0457025 B 5r @ |A|Fc®. DE®
Package Group: Plastic Leaded Chip Carrier (PLCC)
Millimeters Inches
Symbol Min Max Notes Min Max Notes
A 4.191 4.699 0.165 0.185
Al 2.286 2.794 0.090 0.110
D 25.019 25.273 0.985 0.995
D1 24.130 24.334 0.950 0.958
D2 22.860 23.622 0.900 0.930
D3 20.320 - Reference 0.800 - Reference
E 25.019 25.273 0.985 0.995
El 24.130 24.334 0.950 0.958
E2 22.860 23.622 0.900 0.930
E3 20.320 - Reference 0.800 - Reference
N 68 - 68 -
CP - 0.102 - 0.004
LT 0.203 0.254 0.008 0.010
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18.4 Package Marking Information

68-Lead CERQUAD Windowed Example
T
O O
MMMMMMMMMMMMMMMMM PIC16C924-04/CL
AABBCDE 9650CAE
64-Lead TQFP Example
e\ e\
MMMMMMMMMM PIC16C923
MMMMMMM -08I/PT
OAABBCDE o 9712CAE
68-Lead PLCC Example
T _
O O
MicRroCcHIP MicROCHIP
MMMMMMMMMM PIC16C924
MMMMMMM -08/L
AABBCDE 9648CAE
64-Lead SDIP (Shrink DIP) Example
MMMMMMMMMMMMMMMMM PIC16C924-041/SP
) O AABBCDE O ) Q 9736CAE O
O @ MicRocHIP ©) @ MicrocHIP
Legend: MM...M  Microchip part number information
XX..X Customer specific information*
AA Year code (last 2 digits of calender year)
BB Week code (week of January 1 is week '01")
C Facility code of the plant at which wafer is manufactured.
C = Chandler, Arizona, U.S.A.
S = Tempe, Arizona, U.S.A.
D1 Mask revision number for microcontroller
E Assembly code of the plant or country of origin in which
part was assembled.
Note: In the event the full Microchip part number cannot be marked on one
line, it will be carried over to the next line thus limiting the number of
available characters for customer specific information.

* Standard OTP marking consists of Microchip part number, year code, week code,
facility code, mask revision number, and assembly code. For OTP marking beyond
this, certain price adders apply. Please check with your Microchip Sales Office.
For QTP devices, any special marking adders are included in QTP price.

DS30444D-page 164 Prelimi nary 0 1996 Microchip Technology Inc.



PIC16C9XX

APPENDIX A:

The following are the list of modifications over the

PIC16C5X microcontroller family:

1.

©

10.

11.

12.

13.
14.
15.

16.

17.

Instruction word length is increased to 14-bits.
This allows larger page sizes both in program
memory (4K now as opposed to 512 before) and
register file (192 bytes now versus 32 bytes
before).

A PC high latch register (PCLATH) is added to
handle program memory paging. Bits PA2, PA1,
PAO are removed from STATUS register.

Data memory paging is redefined slightly. STA-
TUS register is modified.

Four new instructions have been added:
RETURN, RETFI E, ADDLWand SUBLW

Two instructions TRIS and OPTION are being
phased out although they are kept for compati-
bility with PIC16C5X.

OPTION and TRIS registers are made address-
able.

Interrupt capability is added. Interrupt vector is
at 0004h.

Stack size is increased to 8 deep.

Reset vector is changed to 0000h.

Reset of all registers is revisited. Five different
reset (and wake-up) types are recognized. Reg-
isters are reset differently.

Wake up from SLEEP through interrupt is
added.

Two separate timers, Oscillator Start-up Timer
(OST) and Power-up Timer (PWRT) are
included for more reliable power-up. These tim-
ers are invoked selectively to avoid unneces-
sary delays on power-up and wake-up.

PORTB has weak pull-ups and interrupt on
change feature.

TOCKI pin is also a port pin (RA4) now.

FSR is made a full eight bit register.

“In-circuit programming” is made possible. The
user can program PIC16CXX devices using only
five pins: Vbb, Vss, MCLR/VPP, RB6 (clock) and
RB7 (data in/out).

PCON status register is added with a Power-on
Reset status bit (POR).

Code protection scheme is enhanced such that
portions of the program memory can be pro-
tected, while the remainder is unprotected.

APPENDIX B: COMPATIBILITY

To convert code written for PIC16C5X to PIC16CXX,
the user should take the following steps:

1. Remove any program memory page select
operations (PA2, PA1, PAO bits) for CALL, GOTQ

2. Reuvisit any computed jump operations (write to
PC or add to PC, etc.) to make sure page bits
are set properly under the new scheme.

3. Eliminate any data memory page switching.
Redefine data variables to reallocate them.

4. Verify all writes to STATUS, OPTION, and FSR
registers since these have changed.

5. Change reset vector to 0000h.

0 1996 Microchip Technology Inc.
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APPENDIX C: WHAT'S NEW

No new material was added to the data sheet.

APPENDIX D: WHAT'S CHANGED

1.

New terminology for A/D sampling.

Any reference to the A/D time it takes to charge the
holding capacitor has been changed from sam-
pling time to acquisition time.

Any reference to the time it takes to convert an
analog signal on the holding capacitor into a digital
value is still called conversion time.

The total sample time is now referred to as acqui-

sition time + conversion time.

Parameter # 132 of Table 17-13 has been

renamed from TsmP to TACQ.

The SPI module has been modified to control

clock edge, clock polarity and sample phase.

Changes include:

« Data Input Sample Phase bit SMP (SSP-
STAT<7>) selects the time where data is
sampled.

» Clock Edge Select bit CKE (SSPSTAT<6>)
selects the edge that data is transmitted on
which depends on the CKP bit.

» Clock Polarity Select bit CKP (SSPCON<4>)
selects the idle state of the SCK pin.

Fast mode 12C is not supported.
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PIC16C5X Family of Devices
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PIC16C6X Family of Devices
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PIC16C9XX Family Of Devices
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PIC17CXX Family of Devices
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PIN COMPATIBILITY

Devices that have the same package type and VDD,
Vss and MCLR pin locations are said to be pin
compatible. This allows these different devices to
operate in the same socket. Compatible devices may
only requires minor software modification to allow
proper operation in the application socket
(ex., PIC16C56 and PIC16C61 devices). Not all
devices in the same package size are pin compatible;
for example, the PIC16C62 is compatible with the
PIC16C63, but not the PIC16C55.

Pin compatibility does not mean that the devices offer
the same features. As an example, the PIC16C54 is
pin compatible with the PIC16C71, but does not have
an A/D converter, weak pull-ups on PORTB, or
interrupts.

TABLE E-1: PIN COMPATIBLE DEVICES

Pin Compatible Devices Package
PIC12C508, PIC12C509 8-pin
PIC16C54, PIC16C54A, 18-pin
PIC16CR54A, 20-pin
PIC16C56,

PIC16C58A, PIC16CR58A,

PIC16C61,

PIC16C554, PIC16C556, PIC16C558

P1C16C620, PIC16C621, PIC16C622,

PIC16C710, PIC16C71, PIC16C711,

PIC16F83, PIC16CRS83,

PIC16C84, PIC16F84A, PIC16CR84

PIC16C55, 28-pin
PIC16C57, PIC16CR57B

PIC16C62, PIC16CR62, PIC16C62A, PIC16C63, 28-pin
PIC16C72, PIC16C73, PIC16C73A

PIC16C64, PIC16CR64, PIC16C64A, 40-pin
PIC16C65, PIC16C65A,

PIC16C74, PIC16C74A

PIC17C42, PIC17CR42, PIC17C42A, 40-pin
PIC17C43, PIC17CR43, PIC17C44

PIC16C923, PIC16C924 64/68-pin

0 1996 Microchip Technology Inc. Prelimi nary

DS30444D-page 175



PIC16C9XX

NOTES:

DS30444D-page 176 Prelimi nary 0 1996 Microchip Technology Inc.



PIC16C9XX

INDEX

A

A/D
ACCUTACY/ETTON ...ttt 90
ADCONO.... ....83, 84
ADCONL... ....83,84
ADIF .o s 84
Analog-to-Digital Converter............cccocvvvieiiieniciieens 83
Configuring Analog POrt...........coooiiiiiiiiiniieee e 87
Connection Considerations............ccovevveeneenieenieennne 90
CONVETSION tIME .....uviiiiiiiiiiiceieeee e 89
CONVEISIONS ..ttt ettt ettt e e 88
Converter CharacteristiCs ..........cocceereeriveeneenieeneens 158
Faster Conversion - Lower Resolution Tradeoff ......... 89
GO/DONE ...ttt 84
Internal Sampling Switch (Rss) Impedance................. 86
Operation DUring Sleep ........ccccevvieiiciiieniiiecece, 90
Sampling RequiremMents. ..........cooooveeeiieeeiiieee s 86
Sampling TiME ....ooouieiiieiii e 86

Source Impedance...

Transfer Function..
A/D Conversion ClOCK.........ccveruiiiiiiee e 87
Registers

SECHON ..ttt

ADCONO REGISEEN ....coiiiiieiiiii ettt
ADCONL REGISIEN .....eviiiieiieiiieeriet ettt
ADDLW Instruction ....
ADDWF Instruction ....
ADIE bit....cccoevveeneen.
ADIF DIt

ALUSTA .ottt et
ANDLW Instruction ....

ANDWEF Instruction
Application Notes

VON NEUMANN......coiiiiiiiiiiiiiieeceeeeeeee e 9
ASSEMDBIET ...t 136
B
BCF INSIIUCHON ...ecoivieeciiie e 125
B e 78
Bit Manipulation .............cccoiiiiiiniieeee e 122
Block Diagrams

AUD oo s

Capture Mode.....
Charge Pump

Compare MOE ........cccueiiiiiiieiieeeeee e 62
External Brown-0uUtl ..........ccccoeviiiieniiieiiiieee e 114
External Brown-0ut2 ...........cccccoeviriieenieniee e 114
External Parallel Cystal Oscillator..............ccooeevvenee. 107
External Power-on ReSet..........ccceeiiieiiiiieeiiieeee, 114
External Series Crystal Oscillator ..............ccocevvenee. 107
INTEITUPL LOGIC .. 116

LCD MOAUIE.......ccuviiiiiiiiiii e 94
On-Chip Reset CirCUIt..........ceeveiiieiiiiiee e 108
PICLIBCO23......coieeieeee e s 10
PICLOCO24 ...ttt 11

PORTC ..ttt et 35
PORTD 37,38
PORTE ...ttt 39
PORTFE ..ottt et 41
PORTG .. .ottt et ee e e e e e snnee e 43
PWM oot 63
RA3:RAO0 and RAS5 POrt PinS.........cooccvvvieeeiiiiiiiieeeeen, 31
RAAITOCKI PiN et

RB3:RBO Port Pins
RB7:RB4 Port Pins

RC Oscillator ..............
SSP (I2C MOUE)......c.oveeeeeeeeeeeeeeeeeeeeres e,
SSP (SPIMOUE) ..ot
TIMEI0 et
TimerO/WDT Prescaler........cccoviiiiiiiienieenesnee 52
TIMEIL oo 56
TIMEI2 i 59
Watchdog Timer......... ...118
Brown-out Protection CirCUit...........c.cuveeviieeiniieeiiiee e, 114
BSF INSTIUCHON ...t 125
BTFSC INSLIUCHION ..c..veiiiiiiiiiiieieccc e 125
BTFSS INSIIUCHON ....eoiiiiiiiiiiee e 126
C
C DIt e 23
CALL INSEUCHON ..ttt 126
C Compiler (MP-C) ...cuviiiieiiieiiee e 137
Capacitor Selection for the Timerl Oscillator ...................... 57
Capture/Compare/PWM (CCP)
Capture MOde.........oooiiiiiiiieeeee e 62
CCPL .. 61
CCPLCON ....ceiitiiiert et 111
CCPRIH ..ttt 111
CCPRILL .ottt 111
ComPAre MOUE.........cooiieieiiieee e 62
Compare Mode Block Diagram ..........c.ccceeveviveeneennnen. 62

Prescaler ...t 62
PWM Block Diagram .........ccccoeceeernieeeniieee e 63
PWM MOGE.......ooiiiiiieiiiiiiee et 63
PWM, Example Frequencies/Resolutions.................... 64
SECHON.....eeiiiiicie e 61
CaTY Dt 9
CCPLCON REQISIEN ...cciiiiiieiiiie ettt 19
CCPLIE Dit.eviieieeeiieeiesieees e 26
CCPLIF DIttt 27
CCPRIH REQISIEN ....viiiiiiiieiiiee ettt 19
CCPRIL REQISIEN ....veiiiiiiieiiiee et 19
Clocking SChemMe......c..oiiiiiiii e 15
CLRF INSrUCHION......ciiiiiiieiiieiie e 126
CLRW INSEIUCHION ... 126
CLRWDT INSLIUCHION......ccvieiiiiieeiiccee e 127
Code Examples
Call of a Subroutine in Page 1 from Page O................ 30
Changing Between Capture Prescalers ...................... 62
Changing Prescaler (Timer0 to WDT) .....c.cceevvveeennenn. 53
Changing Prescaler (WDT to Timer0) .......c.cccveeeeuneenn. 53
Doing an A/D CONVEISION ........cccuieriienieeirieniee e 88
1/O Programiming .........ccocueeerieeesnieeesieeeesieessvee e 45
12C Module OPEration............c.cccovveeverrsessieersnnens 82
Indirect ADAreSSing........cocveeieeriiiniiiieesee e
Initializing PORTA ......
Initializing PORTB ...
Initializing PORTC .....ccooeiiiiiecrece e

0 1996 Microchip Technology Inc.

[ I B

Preliminary

DS30444D-page 177

—— . _AA_l._._ AN 2




PIC16C9XX

Initializing PORTD......oooiiiiiiiiiiiicceec e 37 INDF ReQISter.....cccovvvviiiiiiiieiiceiec e
Initializing PORTE .....ccocuiiiiiiiieeee e 39 INdirect AAAreSSiNg ......c.eeeeriieeeiiiie e
Initializing PORTF ......ooiiiiiiitceeeeee e 41 INSLrUCiON CYCIE ...t
Initializing PORTG .............. .43 Instruction Flow/Pipelining . .
Loading the SSPBUF register................ ..69 INStruction FOrMat.........ccoviiiiiiiiiie e
Reading a 16-bit Free-running Timer.............ccccceeeee. 57 Instruction Set
Saving STATUS and W registers in RAM................. 117 ADDLW....ooiiiiiiiiiiie e 124
Code ProteCtion ..........ccceeviiiiiiiii e
COMPF INSEIUCHION ...ttt
Computed GOTO ...cuviiiiiiiieiie e
Configuration BitS...........ceoiiiieiiiieeiiee e
D
DC Dt ettt
DC CharacCteriStiCS .......ccovvuveeriiiieiiiee e
DECF INStUCHON ...c..viiiiiiiieiieeiee e
DECFSZ Instruction .....
Development Support
Development Tools ......
Digit Carry Dit ........ooiiiiiiiiiee e
DireCt AdAreSSING....c.cvveeeiiiieeiiie e
E
Electrical CharacCteristiCs..........uvviueiiiiieiiiiie e 139
External Power-on Reset CirCUit..........ccocvvvveerveeneenneenn 114
F
Family of Devices
PICL4000 .....ccuiieeeieeeeeeee et 167
PICLBCEX ..ttt 168
PICLBCHEXXX .. 169
PICLOCHX ..ttt 170
PICLBCTX ittt 171
PIC16C8X .. ..172
PIC16C9XX.... ..6,173
PIC17CXX.. .174
FSR ot 110
FSR ReQISter......ccccvviiiiiiiiiiciccnec e 19, 20, 21, 22, 30
Fuzzy Logic Dev. System (fuzzyTECHO-MP)........... 135, 137
G
GIE o 115
GOTO INSLIUCTION ...ttt 128
I
ICEPIC Low-Cost In-Circuit Emulator .............cccoeveveeenen. 135
I/O Ports
SECHON ...t 31
: . . INT Interrupt
:/2((): Programming Considerations............cccccueveeeniieeeeniieeens 45 INTCON.......: .................................................... 111, 115, 117
Addressing 12C DeVICES ............ccvvvvvvreerieereenees 74 INTCON REGISIN.......covssovvvessvvns 19,20, 21, 22,25, 104
Arbitration INTEDG P TT .. 117
BE INTEDG bit ......... s 24
"""""" Inter-Integrated Circuit (I2C) ....oveveveeeeeeeeeeeeeeeeseeeseessnrnns 67
CRP et Intemal Sampling Switch (Rss) Impedance 86
Clock Synchronization ............ccccocveeeiiieeeniieesiieeees 76 y
Combined FOrMat .......c.coviiriieiieeiie e 75 INMEITUPLFIAQ - vvvsvvesvvvesvns v - 115
12C OVEIVIBW ......eeveeeeseeeeeeeeseeeeeeesesereeeesseseeeeseeees 73 INEITUPLS. .o - 105,115
o S RB7:RB4 Port Change .........cccccevvveeniiniienieneenece 33
Initiating and Terminating Data Transfer .73 )
Master-Receiver Sequence .... IORLW Instruct!on ............................................................ 128
Master-Transmitter Sequence B IORWF INSTFUCTION ... 129
. IRP Dt e 23
MUI-MASTET ..o
START oo L
STOP e Loading Of PC......ooiiiiiiiiieiceeee e 29
Transfer ACKNOWIEAQE .........coovvieiiiiiieiiieeeee e M
IDLE—MODE. """"""""""""""""""""""""""""""""""""""""""" MCLR .ot 108, 110
INCF INSLIUCHION ... Memory
INCFSZ Instruction...................
In-Circuit Serial Programming .. Data MEMOIY ....oviiiiiiiiiiiieee et 17
Maps, PICIBCIOXX .....ccveiriiieriiieiee e 17

DS30444D-page 178 Prelimi nary 0 1996 Microchip Technology Inc.



PIC16C9XX

Program MemOry .........cccceoiiiiiiiiie e, 17
MOVF INSEIUCHION ...eoeeiiiiiiieee e
MOVLW Instruction...
MOVWE INSErUCHION........vvvvieeeeeeiiieeeee e
MPASM AsSSEMDbIEr........c.vvieieeeiiiiieee e
MPLAB-C C COMPIIET ..ccvviiiiiiiie et 137
MPLAB-SIM Software Simulator ............cccccvvveeeeenn. 135, 137

N
NOP INStIUCLION.....eiiiiiiiiiiiiiee e 130
O

One-Time-Programmable Devices
OPCODE .....ooviiiiiiiiiiiieeeeeeiieeeeee

OPTION L.t
OPTION INSErUCHION.......eviiiieiieiiee e
OPTION Register
OrthogoNal .......couiiiiiee e
OSC SEIECHON ...ttt
Oscillator
106, 109

.. 106, 109
Oscillator Configurations............cccvveeiviiniienienieeiee e 106
OUtPUL OF TMR2 ..ottt 59

P

PCL RegiSter.....cievieiiiiiiiiiieic e 19, 20, 21, 22, 29
PCLATH ..ot 111

PCLATH Register .. .19, 20, 21, 22, 29

PCON....cooceveeene L 111
PCON REQISIEN ...eeiiiiiiiiiiee e 28
PD e 108, 110
PD DIt oo 23
PIC16C9XX Product Identification System...... ... 187
PICDEM-1 Low-Cost PIC16/17 Demo Board ..... ....136
PICDEM-2 Low-Cost PIC16CXX Demo Board ... ....136
PICDEM-3 Low-Cost PIC16C9XXX Demo Board............. 136
PICMASTERUO Universal In-Circuit Emulator ................... 135
PICSTARTO Plus Entry Level Development System ....... 135
PIEL . 115

PIEL REQISIEN ....evveeiiiie et 20, 26, 104
Pin Compatible DeVICeS.........coiiiiiiiiiiieiiie e 175
Pin Functions
MCLRVPP.......oviieceetee et 12
OSCL/CLKIN. ...ttt et 12
OSC2/CLKOUT ..ooiiiiiiie et ecieee e teee e etee e e snea e 12
RAO/ANO
RA1/AN1
RA2/AN2
RAS/ANSB/VREF ......cciiiiitiiiee s ettt e sitaree e e s eeennees 12
RAZITOCK ...cciiiii ettt 12

RASIANAISS ...t 12
RBO/NT <ottt

RCO/TLOSO/TLICKI ..o 12
RC1/T10SI
RC2/CCP1
RC3/SCKISCL ..ot 12
RCA/SDIISDA ... 12

RC5/SDO.......ooiiiiiiiiiiic i
RDO/SEGOO0........cccuiiiiiiiiiiie it
RD1/SEGO1...
RD2/SEGO2.......ccciiiiiiiiiiiiiii e,
RD3/SEGO3.......ccciiiiiiiiiiiee et
RD4/SEGO04.............

RD5/SEG29/COMS ...
RD6/SEG30/COM2 ... .
RD7/SEG31/COMI ..ot 13
REO/SEG05
RE1/SEGO06...
RE2/SEGO07 ...
RE3/SEGO08...
RE4/SEG09
RE5/SEG10
RE6/SEG11...
RE7/SEG27
RFO/SEG12
RF1/SEG13
RF2/SEG14
RF3/SEG15...
RF4/SEG16
RF5/SEG17
RF6/SEG18....
RF7/SEG19...
RGO/SEG20...
RG1/SEG21
RG2/SEG22
RG3/SEG23...
RG4/SEG24...
RG5/SEG25...
RG6/SEG26
RG7/SEG28

Oscillator Start-up Timer (OST)......ccccvvvvvcveennen. 105, 109
Power Control Register (PCON)........cccecveeeriveeeninnen. 109
Power-on Reset (POR)................

Power-up Timer (PWRT)

POR bit....coenvee.
Port RB Interrupt.
PORTA REQISIEN ...ttt
PORTB ..ot

PORTB Register.

PORTE .
PORTE REQISIEN .....ciiiiiiiiiiiciii e
PORTF REQISIEN .....eeiiiiiiieiiiee et
PORTG REQISIEN ....eiuviiiiiiiieieie e
Ports

0 1996 Microchip Technology Inc.

Preliminary

DS30444D-page 179



PIC16C9XX

PORTF ..ttt 41
PORTG ..ottt 43
Power-down Mode (SLEEP) ........ccccoooiiiiiiiienieciecncee 119
PR2 .ot 111
PR2 REQISLEN ...t .20
Prescaler, Switching Between TimerO and WDT ................ 53
PRO MATED Il Universal Programmer..........c.cccooveevveenne. 135
Program Branches ...........ccccoeiiiiiiiiieceiiee e 9
Program Memory Maps, PICI6COXX ........ccoccevviireiiierennns 17
PS0 DIttt 24
PSL DIt 24
PS2 DIt 24
PSA bit ...
PUSH .....
Q
Quick-Turnaround-Production
R
RIW DIt . 74,78, 79, 80
RBIF DIt o 33,117
RBPU DIt ot 24
RC Oscillator... ...106, 107, 109
RCV_MODE ......coiiiitiiieteet et 82
Read-Modify-WIite .........cociiiiiiiienec e 45
RegISter File ..ot 17
RESEL... e 105, 108
RETFIE INStrUCON ....cc.viiiiiiiie it 130
RETLW INSLrUCHON ...covvviiiiiiiciiierccc e 130
RETURN Instruction.. ..131
RLF Instruction...... ..131
RPO bit ............ 17,23
RPL DIt . 23
RRF INStUCHON ..o 131
S
Saving W register and STATUS in RAM.........ccoocveeiineenn. 117
SCL ettt e 78, 80, 81
SDA e 80, 81
Serialized Quick-Turnaround-Production .............ccccceeeveiinn. 7
Slave Mode
SCL...
SDA...
SLEEP . ..ot
SLEEP Instruction
Software Simulator (MPSIM).........cocooiiiiiniiieeee e 137
Special Features of the CPU..........ccccevviiveeiiie e 105
Special Function RegiSters .........cccocueeriiiiiiiiiie e 19
Special Function Registers as Source/Destination ........... 122
SPI
MaSter MOUE ........oooiiiieiiie e 70
Serial Clock.... ..69
Serial Data IN .......ooiiiiiiiiiie e 69
Serial Data OUL ........cceiiiiiiiiiiie e 69
Serial Peripheral Interface (SPI) .....cccccooeeiviieeiiiinenns 67
SIaVE SEIECE.....cocviiiiiiiii e 69
SPI clock.... .
SPIMOGE ...
SSP
SSPADD ..ottt 77,78, 111
SSPBUF.....ccoiiiiiiiercece e 70, 77,78, 80, 111
SSPCON ....ciiiiiiiieecee e 68, 77, 79, 80, 111
SSPIF Dit...eeiicieieceec e 78,79, 80, 81
SSPOV Dt 78
SSPSR ..ttt 70, 78, 80
SSPSTAT ..ottt 67,77, 79, 80, 111
SSP I°C
AdAreSSING ....couvviiiiiiieieee e 78

Multi-master Mode...........ccocviiiieiiiiiiciccceee e 81
RECEPLION ..eeeiiiiieiiie e 79
SSP 12C OPEIAtON .......cvoveeereeeeeeeeereeeseeseenseseenenes 77
START ...ocoviriiine

START (S)....

STOP (P)......

Transmission
SSPADD REQISIEI....uiiiiiiiiie ettt
SSPBUF REJISEN ..ottt
SSPCON Register
SSPIE Dt .
SSPIF DIt

STATUS .o e e
STATUS REQISEN .....eiviiiiiiiiecriceic e

SUBLW Instruction ..
SUBWEF Instruction .. .
SWAPF INStIUCLON ...veeiieeiiiieiee e 133

T

TOCS bit.............
T1CON Register ...
T2CON Register

132

Timer Modules, OVEIVIEW ...........ccccveiiiiiiiiiiecie e 47
TimerO
RTCC .o 110
TOIF o 117
TMRO INTEITUPL ... 117
Timerl
Resetting of Timerl Registers ........cccoceeviieeiiieeenninen. 58
Resetting Timerl using a CCP Trigger Output........... 58
TLCON L.t 55, 111
TMRIH (i 111
TMRILL oot 111
Timer2

Timers
TimerO
BIOCK DIagram .........cccoueeieeeniiiiieniie e 49
External ClOCK .........cccoovveiiiiiiiiiiciicciec e 51
External Clock Timing........ccccovvvieinieieniieeenen, 51
Increment Delay
Interrupt................
Interrupt Timing . .
OVEIVIEW. ...ttt
Prescaler ...
Prescaler Block Diagram...........ccccoovveeniieeennnen. 52
SECHON. ...ttt
Synchronization.
THMING e
Timerl
OVEIVIEW. ...ttt 47
Switching Prescaler Assignment..............cceenee 53
Timer2
OVEIVIEW. ...ttt 47
Timing Diagrams
TIMEI0 i 49
TimerO Interrupt Timing ...... .. 50
TimerO with External Clock. .51
Timing Diagrams and Specifications .............cccccceevvernene 148

DS30444D-page 180

Preliminary

0 1996 Microchip Technology Inc.



PIC16C9XX

TMRO REQISEN ..ottt 19, 21
TMRLIH REQISIEN ....eveiiiiieeiiiie et 19
TMRIIE DIt 26
TMRL1IF bit..... .27
TMRLL Register ... .19
TMR2 Register..... ... 19
TMR2IE DIt 26
TMR2IF DIt ..o 27
TO DIt e 23
TRIS INSTIUCHON ..ot 133
TRISA REJISIEN ...t 20, 22,31
TRISB .o e 111
TRISB Register. .20, 22,33
TRISC .o 81, 111
TRISC Register. .20, 35,72
TRISD .ttt et e 111
TRISD REGISIEN ...ttt 37
TRISE o 111
TRISE REGISIEN ....vvvieiiiiie e 39,41, 43
TWO'S COMPIEMENT ..ttt 9
U
UV Erasable DEeVICES ........cccceiiiiiiiiiiciiic e 7
w
WV et et 110
W Register

ALU L 9
Wake-up from SLEEP ........ccccooiiiiiiiiiiiiic s 119

Watchdog Timer (WDT)

WWUDT et 110
Period....ccviiiiiiiiei 118
Programming Considerations ............cccocceeeviveeennnne. 118
TIMEOUL ...t 110

X

XMIT_MODE......ccoi i 82

XORLW INSLIUCHION ..ottt 133

XORWE INSTIUCHON ... 133

X e e 106, 109

Z

Z DIt et 23

ZEIO DIt 9

LIST OF EXAMPLES

Example 3-1: Instruction Pipeline FIow............c.ccccceeenen. 15

Example 4-1: Call of a Subroutine in Page 1

from Page 0 .....coevveeiiiiiiiccceeec e

Example 4-2: Indirect Addressing........ccoccceeeveeeeiniieeennnen.

Example 5-1: |Initializing PORTA.......

Example 5-2: Initializing PORTB....

Example 5-3: Initializing PORTC ...

Example 5-4: Initializing PORTD ......ccccoeviiiiiieiieeieineene

Example 5-5: Initializing PORTE...........ccocviiieniiiiniciiens

Example 5-6: Initializing PORTF.........cooviiiiiiiieiiee e,

Example 5-7: Initializing PORTG ........cccovvviiiieiieenieiiene

Example 5-8: Read-Modify-Write Instructions on

an /O POrt ......ooviieiiiieeci e

Example 7-1: Changing Prescaler (Timer0 - WDT)..........

Example 7-2: Changing Prescaler (WDT - Timer0)..........

Example 8-1: Reading a 16-bit Free-Running Timer ........

Example 10-1: Changing Between Capture Prescalers...... 62

Example 10-2: PWM Period and Duty Cycle

Calculation ..........ccocoveviiiiieiiieci e, 64

Example 11-1: Loading the SSPBUF (SSPSR)

REGISEr ..ot 69

Equation 12-1:
Example 12-1:

Example 12-2:
Example 12-3:
Example 13-1:
Example 13-2:
Example 14-1:

A/D Minimum Charging Time ..........cccocuenee. 86
Calculating the Minimum Required

Sample TiIMe ....ooviiiienieee e 86
Doing an A/D CoNnversion...........cccceeevveeenee 88
4-bit vs. 8-bit Conversion Times.................. 89
Static MUX with 32 Segments... .
1/3 MUX with 13 Segments..........c.cceeuee. 101
Saving STATUS and W Registers

LIST OF FIGURES

Figure 3-1:
Figure 3-2:
Figure 3-3:
Figure 4-1:
Figure 4-2:
Figure 4-3:

Figure 4-4:
Figure 4-5:

Figure 4-6:
Figure 4-7:
Figure 4-8:
Figure 4-9:
Figure 4-10:
Figure 5-1:

Figure 5-2:
Figure 5-3:
Figure 5-4:
Figure 5-5:

Figure 5-6:
Figure 5-7:
Figure 5-8:
Figure 5-9:
Figure 5-10:
Figure 5-11:
Figure 7-1:
Figure 7-2:

Figure 7-3:
Figure 7-4:
Figure 7-5:
Figure 7-6:
Figure 8-1:
Figure 8-2:
Figure 9-1:
Figure 9-2:

Figure 10-1:
Figure 10-2:

Figure 10-3:
Figure 10-4:
Figure 10-5:
Figure 11-1:

Figure 11-2:

PIC16C923 Block Diagram ............cccccueeenee 10
PIC16C924 Block Diagram ............ccccceveennee 11
Clock/Instruction Cycle..........cccceverveeneennnen. 15
Program Memory Map and Stack................ 17
Register File Map ........c.cocceeviieeiiiieniieeene 18
Status Register

(Address 03h, 83h, 103h, 183h).................. 23
OPTION Register (Address 81h, 181h)....... 24
INTCON Register

(Address 0Bh, 8Bh, 10Bh, 18Bh)................ 25
PIE1 Register (Address 8Ch)..........ccccueeenee 26
PIR1 Register (Address OCh)..........ccoeeueenne 27
PCON Register (Address 8Eh).................... 28
Loading of PC In Different Situations........... 29
Direct/Indirect Addressing ..........c.cccocveeeeenne 30
Block Diagram of pins RA3:RAO0

and RAS ... 31
Block Diagram of RA4/TOCKI Pin................ 32
Block Diagram of RB3:RBO Pins................. 33
Block Diagram of RB7:RB4 Pins................. 33
PORTC Block Diagram

(Peripheral Output Override)...........ccccueeenee

PORTD<4:0> Block Diagram .
PORTD<7:5> Block Diagram .
PORTE Block Diagram............cccocveeiiienennee
PORTF Block Diagram..........ccccvcvvveriiveeenne
PORTG Block Diagram ........cccccceeeeriveeninenne
Successive /0 Operation...........cccceeeeevenn.
Timer0 Block Diagram..........cccocvveeriineeennnne.
Timer0 Timing: Internal Clock/

NO Prescale........cocevvcieviiiiiciiccicieeee 49
TimerO Timing: Internal Clock/

Prescale 1:2 .....cocoveiiiiiiiiice 50
TimerO Interrupt TiMiNG ......cccoovveeeviieeennne. 50
TimerO Timing with External Clock.............. 51
Block Diagram of the TimerO/WDT

Prescaler ... 52
T1CON: Timerl Control Register

(Address 10h)......coceeeienriiniienieeie e
Timerl Block Diagram...
Timer2 Block Diagram..........cccecvveeriineeennnne.
T2CON: Timer2 Control Register

(Adress 12h)......ccocveeeiiieeeiiiee e 59
CCP1CON Register (Address 17h)............. 61
Capture Mode Operation

Block Diagram .........ccceevcieeeiiieeiiiiieeiieeene 62
Compare Mode Operation

Block Diagram .........cccovevveeneennienienieeieens 62
Simplified PWM Block Diagram................... 63
PWM OULPUL......eeieiiiieeiiiee e 63
SSPSTAT: Sync Serial Port Status

Register (Address 94h) ........ccccovvveeiiienenns 67
SSPCON: Sync Serial Port Control

Register (Address 14h) ........cccceviiriiennene 68

0 1996 Microchip Technology Inc.

Preliminary

DS30444D-page 181



PIC16C9XX

Figure 11-3:
Figure 11-4:
Figure 11-5:
Figure 11-6:

Figure 11-7:

Figure 11-8:

Figure 11-9:

Figure 11-10:
Figure 11-11:
Figure 11-12:
Figure 11-13:
Figure 11-14:
Figure 11-15:
Figure 11-16:
Figure 11-17:
Figure 11-18:
Figure 11-19:

Figure 11-20:

Figure 11-21:

Figure 12-1:
Figure 12-2:
Figure 12-3:
Figure 12-4:
Figure 12-5:
Figure 12-6:
Figure 13-1:
Figure 13-2:
Figure 13-3:
Figure 13-4:
Figure 13-5:
Figure 13-6:
Figure 13-7:
Figure 13-8:

Figure 13-9:
Figure 13-10:
Figure 13-11:
Figure 14-1:
Figure 14-2:
Figure 14-3:
Figure 14-4:
Figure 14-5:

Figure 14-6:
Figure 14-7:

Figure 14-8:
Figure 14-9:
Figure 14-10:
Figure 14-11:

Figure 14-12:
Figure 14-13:

SSP Block Diagram (SPI Mode) ................. 69
SPI Master/Slave Connection..................... 70
SPI Mode Timing, Master Mode ................. 71
SPI Mode Timing

(Slave Mode With CKE = 0).......cccocuveeennnne. 71

SPI Mode Timing

(Slave Mode With CKE = 1).....cccccoevvrvienee.
Start and Stop Conditions............cccccveeennee
7-bit Address Format ...........ccceevveineenneenns
12C 10-bit Address Format..............c..c........
Slave-receiver Acknowledge
Data Transfer Wait State ............ccoceeveenee.
Master-transmitter Sequence
Master-receiver Sequence.....
Combined Format........c.ccoevvenieennenns
Multi-master Arbitration (Two Masters)....... 76

Clock Synchronization ...........ccccceeviieeenne 76
SSP Block Diagram (1°C Mode).................. 77
I2C Waveforms for Reception

(7-bit ADAress) ......eveevieieiiiiieeieee e 79
12C Waveforms for Transmission

(7-bit ADAress) ......cccoeevviiiieiieiiicnieeece 80

Operation of the 12C Module in
IDLE_ MODE, RCV_MODE or

XMIT_MODE ....oooiiiiiieiiiiee e 82
ADCONO Register (Address 1Fh)............... 83
ADCONL1 Register (Address 9Fh)............... 84
A/D Block Diagram .........cccccevevveenecnncnnnnns 85

Analog Input Model....

A/D Transfer Function...

Flowchart of A/D Operation ......... .91
LCDCON Register (Address 10Fh) ............ 93
LCD Module Block Diagram ............ccceeue.. 94
LCDPS Register (Address 10Eh) ............... 94
Waveforms in 1/4 MUX Drive .........cccceee.. 95

LCD Clock Generation
Example Waveforms in 1/4 MUX Dirive ...... 98
Generic LCDD Register Layout .................. 99
Sleep Entry/Exit When SLPEN =1 or
CSL:CSO = 00.....cciiieeirieieiie e
LCDSE Register (Address 10Dh) .............
Charge Pump Block Diagram ...................
External Resistor Ladder Connection .
Configuration Word
Crystal/Ceramic Resonator Operation
(HS, XT or LP

OSC Configuration) ........ccccceeerveeernieeenns 106
External Clock Input Operation

(HS, XT or LP OSC Configuration)............ 106
External Parallel Resonant Crystal

Oscillator CirCuit.........ccovvevervreeeiineeneiens 107

External Series Resonant Crystal

Oscillator CirCUIt..........ccveeeviieeeniieeeiieeens
RC Oscillator Mode
Simplified Block Diagram of On-chip

Reset CirCUIt .......ccuveeiiiieeiiieeeiee e 108
Time-out Sequence on Power-up

(MCLR not Tied to VDD): Case 1 .............. 113
Time-out Sequence on Power-up

(MCLR Not Tied To VDD): Case 2 ............ 113
Time-out Sequence on Power-up

(MCLR Tied t0 VDD).....ceeevevereveeveeceeeaes 113
External Power-on Reset Circuit

(for Slow VDD POWer-up) ........cccoeerverneene 114

External Brown-out Protection Circuit 1....114
External Brown-out Protection Circuit 2.... 114

Figure 14-14: Interrupt LOGIC ....cccoevvuviiiiiiieniieiec e 116
Figure 14-15: INT Pin Interrupt Timing .........ccccevcveennnns 116
Figure 14-16: Watchdog Timer Block Diagram............... 118
Figure 14-17: Summary of Watchdog Timer Registers .. 118
Figure 14-18: Wake-up from Sleep Through Interrupt.... 119
Figure 14-19: Typical In-Circuit Serial Programming

CONNECHION ... 120
Figure 15-1:  General Format for Instructions................ 121
Figure 17-1: LCD Voltage Waveform...........ccccecvvernns 144
Figure 17-2:  Load Conditions ..........c.ccecvevveinecincennnn. 147
Figure 17-3:  External Clock Timing ........cccocovveiiiveennnns 148
Figure 17-4:  CLKOUT and I/O Timing .......ccccvvevivveennnns 149
Figure 17-5:  Reset, Watchdog Timer,

Oscillator Start-up Timer and

Power-up Timer Timing ........cccoovvvviieennenne 150
Figure 17-6:  Timer0 and Timerl Clock Timings ........... 151
Figure 17-7:  Capture/Compare/PWM Timings ............. 152
Figure 17-8:  SPI Master Mode Timing (CKE =0)......... 153
Figure 17-9:  SPI Master Mode Timing (CKE = 1)......... 153
Figure 17-10: SPI Slave Mode Timing (CKE =0)........... 154
Figure 17-11: SPI Slave Mode Timing (CKE = 1). . 154
Figure 17-12: 12C Bus Start/Stop Bits Timing ....... ... 156
Figure 17-13: I2C Bus Data TIMING..eeiiiieiieeeeeeeeeeen 157
Figure 17-14: A/D Conversion Timing ........c.cccoceereeennen. 159
LIST OF TABLES
Table 1-1: PIC16C9XX Family of Devices............cc....... 6
Table 3-1: PIC16C9XX Pinout Description.................. 12
Table 4-1: Special Function Register Summary.......... 19
Table 5-1: PORTA FUNCLIONS .....ccveiiiiiiiiiicciece 32
Table 5-2: Summary of Registers Associated

With PORTA ..ot 32
Table 5-3: PORTB FuNCtions .........c.ccccveuvviiiiiienieene. 34
Table 5-4: Summary of Registers Associated

With PORTB....coiiiieieeiereeereee e 34
Table 5-5: PORTC FUNCLionsS .........cooveerviiiieiieesieeee 36
Table 5-6: Summary of Registers Associated

With PORTC ..o 36
Table 5-7: PORTD FUNCLioNS ........cooveviiiiiiiiieeieee 38
Table 5-8: Summary of Registers Associated

with PORTD ..........
Table 5-9: PORTE Functions
Table 5-10:  Summary of Registers Associated

With PORTE ..ot 40
Table 5-11:  PORTF FUNCLiONS........cccovviiiieiiieieesie e 41
Table 5-12:  Summary of Registers Associated

With PORTF .o 42
Table 5-13:  PORTG FUNCHONS ........coviiiiiiiiiiicsiee e 43
Table 5-14:  Summary of Registers Associated

With PORTG ..o
Table 7-1: Registers Associated with TimerO
Table 8-1: Capacitor Selection for the Timerl

OSCIllAtOr ... 57
Table 8-2: Registers Associated with Timerl as a

Timer/Counter ........coocveviiiienieic e 58
Table 9-1: Registers Associated with Timer2 as a

Timer/Counter ........ccccevevvevenene
Table 10-1:  CCP Mode - Timer Resource
Table 10-2:  Example PWM Frequencies and

Resolutions at 8 MHz .........c.cceeiiiiiiiiienn. 64
Table 10-3:  Registers Associated with Timer1,

Capture and Compare...........ccceecveeneenneene 65
Table 10-4:  Registers Associated with

PWM and Timer2 ........cccccoeviiiiniiiiiien, 65
Table 11-1:  Registers Associated with SPI Operation... 72

DS30444D-page 182

Preliminary

0 1996 Microchip Technology Inc.



PIC16C9XX

Table 11-2:
Table 11-3:
Table 11-4:
Table 12-1:
Table 12-2:
Table 13-1:
Table 13-2:

Table 13-3:

Table 13-4:

Table 14-1:
Table 14-2:

Table 14-3:
Table 14-4:
Table 14-5:
Table 14-6:
Table 15-1:
Table 15-2:
Table 16-1:
Table 17-1:

Table 17-2:
Table 17-3:

Table 17-4:
Table 17-5:
Table 17-6:

Table 17-7:

Table 17-8:
Table 17-9:

Table 17-10:
Table 17-11:
Table 17-12:

Table 17-13:

Table 17-14:

Table E-1:
Table E-2:
Table E-3:
Table E-4:
Table E-5:
Table E-6:
Table E-7:
Table E-8:
Table E-9:

12C Bus Terminology..........cocoeeeeereerrenrennen. 73
Data Transfer Received Byte Actions......... 78
Registers Associated with [°C Operation.... 81
TAD vs. Device Operating Frequencies ...... 87

Summary of A/D Registers... .92
Frame Frequency Formulas ...............c....... 97
Approx. Frame Freq in Hz using Timerl

@ 32kHzorFosc @ 8 MHz....................... 97
Approx. Frame Freq in Hz using

Internal RCosc @ 14 kHz .......ccccvvvveeeenn. 97
Summary of Registers Associated

with the LCD Module .........ccoccevvviverinnnns 104
Ceramic Resonators.........cccocveervinveeninenns 106
Capacitor Selection for Crystal
OSCIllator.....cvveeeeeeeeeeee e 106
Time-out in Various Situations.................. 109
Status Bits and Their Significance............. 110

Reset Condition for Special Registers...... 110
Initialization Conditions for all Registers... 110
Opcode Field Descriptions
INSErUCtion Set.......cccoovviveiiiieceeeeee
Development Tools From Microchip.......... 138
Cross Reference of Device Specs for
Oscillator Configurations and

Frequencies of Operation

(Commercial Devices) .......cccocveeerireeanennn. 140
LCD Module Electrical Specifications....... 144
VLep Charge Pump Electrical
SPECIfiCatioNS.........veeiiiieeiiiieeeiee e 145
External Clock Timing Requirements ....... 148
CLKOUT and I/O Timing Requirements ... 149
Reset, Watchdog Timer,

Oscillator Start-up Timer and

Power-up Timer Requirements................. 150
Timer0 and Timerl Clock

Requirements ........cccoovereeneenieenec e 151
Capture/Compare/PWM Requirements.... 152
SPI Mode Requirements...........ccccceceeeennee 155
I°C Bus Start/Stop Bits Requirements...... 156
12C Bus Data Requirements ..........ccccee.ee. 157

A/D Converter Characteristics:
PIC16C923/924-04

(Commercial, Industrial)..........ccccvveerneenne. 158
A/D Converter Characteristics:
PIC16LC923/924-04

(Commercial, Industrial)..........ccccoveerneenne. 159
A/D Conversion Requirements.................. 160
PIC14000 DEVICeS .......cceevrirrerrrieerinieees 167
PIC16C5X Family of Devices ................... 168
PIC16CXXX Family of Devices................. 169
PIC16C6X Family of Devices ................... 170
PIC16C7X Family of Devices ................... 171
PIC16C8X Family of Devices ................... 172
PIC16C9XX Family of Devices................. 173
PIC17CXX Family of Devices................... 174
Pin Compatible Devices............cccocveeenee. 175

0 1996 Microchip Technology Inc.

Preliminary

DS30444D-page 183



PIC16C9XX

NOTES:

DS30444D-page 184 Prelimi nary 0 1996 Microchip Technology Inc.



PIC16C9XX

ON-LINE SUPPORT

Microchip provides two methods of on-line support.
These are the Microchip BBS and the Microchip World
Wide Web (WWW) site.

Use Microchip's Bulletin Board Service (BBS) to get
current information and help about Microchip products.
Microchip provides the BBS communication channel
for you to use in extending your technical staff with
microcontroller and memory experts.

To provide you with the most responsive service possi-
ble, the Microchip systems team monitors the BBS,
posts the latest component data and software tool
updates, provides technical help and embedded sys-
tems insights, and discusses how Microchip products
provide project solutions.

The web site, like the BBS, is used by Microchip as a
means to make files and information easily available to
customers. To view the site, the user must have access
to the Internet and a web browser, such as Netscape or
Microsoft Explorer. Files are also available for FTP
download from our FTP site.

Connectingtothe Microchip InternetWeb Site

The Microchip web site is available by using your favor-
ite Internet browser to attach to:
www.microchip.com

The file transfer site is available by using an FTP ser-
vice to connect to:
ftp.mchip.com/biz/mchip

The web site and file transfer site provide a variety of
services. Users may download files for the latest Devel-
opment Tools, Datasheets, Application Notes, User's
Guides, Articles and Sample Programs. A variety of
Microchip specific business information is also avail-
able, including listings of Microchip sales offices, dis-
tributors and factory representatives. Other data
available for consideration is:

 Latest Microchip Press Releases

» Technical Support Section with Frequently Asked
Questions

« Design Tips

 Device Errata

« Job Postings

* Microchip Consultant Program Member Listing

« Links to other useful web sites related to
Microchip Products

Connecting to the Microchip BBS

Connect worldwide to the Microchip BBS using either
the Internet or the CompuServeD communications net-
work.

Internet:

You can telnet or ftp to the Microchip BBS at the
address:
mchipbbs.microchip.com

CompuServe Communications Network:

When using the BBS via the Compuserve Network, in
most cases, a local call is your only expense. The
Microchip BBS connection does not use CompuServe

membership services, therefore you do not need Com-
puServe membership to join Microchip's BBS. There is
no charge for connecting to the Microchip BBS.

The procedure to connect will vary slightly from country
to country. Please check with your local CompuServe
agent for details if you have a problem. CompuServe
service allow multiple users various baud rates
depending on the local point of access.

The following connect procedure applies in most loca-
tions.

1. Set your modem to 8-bit, No parity, and One stop
(8N1). This is not the normal CompuServe setting
which is 7E1.

2. Dial your local CompuServe access number.

3. Depress the <Enter> key and a garbage string will
appear because CompuServe is expecting a 7E1
setting.

4. Type +, depress the <Enter> key and “Host Name:”
will appear.

5. Type MCHIPBBS, depress the <Enter> key and you
will be connected to the Microchip BBS.

In the United States, to find CompuServe's phone num-
ber closest to you, set your modem to 7E1 and dial
(800) 848-4480 for 300-2400 baud or (800) 331-7166
for 9600-14400 baud connection. After the system
responds with “Host Name:”, type NETWORK, depress
the <Enter> key and follow CompuServe's directions.

For voice information (or calling from overseas), you
may call (614) 723-1550 for your local CompuServe
number.

Microchip regularly uses the Microchip BBS to distrib-
ute technical information, application notes, source
code, errata sheets, bug reports, and interim patches
for Microchip systems software products. For each
SIG, a moderator monitors, scans, and approves or
disapproves files submitted to the SIG. No executable
files are accepted from the user community in general
to limit the spread of computer viruses.

Systems Information and Upgrade Hot Line

The Systems Information and Upgrade Line provides
system users a listing of the latest versions of all of
Microchip's development systems software products.
Plus, this line provides information on how customers
can receive any currently available upgrade kits.The
Hot Line Numbers are:

1-800-755-2345 for U.S. and most of Canada, and
1-602-786-7302 for the rest of the world.

Trademarks: The Microchip name, logo, PIC, PICSTART,
PICMASTER and PRO MATE are registered trademarks of
Microchip Technology Incorporated in the U.S.A. and other
countries. MPLAB and fuzzyl AB are trademarks and
SQTP is a service mark of Microchip in the U.S.A.

fuzzyTECH is a registered trademark of Inform Software
Corporation. IBM, IBM PC-AT are registered trademarks
of International Business Machines Corp. Pentium is a
trademark of Intel Corporation. Windows is a trademark
and MS-DOS, Microsoft Windows are registered trade-
marks of Microsoft Corporation. CompuServe is a regis-
tered trademark of CompuServe Incorporated.

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

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578.

Please list the following information, and use this outline to provide us with your comments about this Data Sheet.

To:
RE:

From:

Technical Publications Manager Total Pages Sent
Reader Response

Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):

Would you like a reply? Y N

Device: PIC16C9XX Literature Number: DS30444D

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this data sheet easy to follow? If not, why?

4. What additions to the data sheet do you think would enhance the structure and subject?

5. What deletions from the data sheet could be made without affecting the overall usefulness?

6. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?

8. How would you improve our software, systems, and silicon products?
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PIC16C9XX Product ldentification System

To order or obtain information, e.g., on pricing or delivery refer to the factory or the listed sales office.

PART NO. -XX X /XX XXX

—|__| Pattern:

Package:

Temperature
Range:

Frequency

Range:

Device

QTP, SQTP, ROM Code or Special Requirements

SP = 64-pin Shrink PDIP

PT = TQFP

CL = 68-pin Windowed CERQUAD

L = PLCC

- = 0°C to +70°C (T for Tape/Reel)

| = -40°C to +85°C (S for Tape/Reel)
04 = 200 kHz (PIC16C9XX-04)

04 = 4 MHz

08 = 8 MHz

PIC16C9XX :VDD range 4.0V to 6.0V

PIC16CO9XXT :VpD range 4.0V to 6.0V (Tape/Reel)
PIC16LC9XX :VDD range 3.0V to 6.0V
PIC16LCO9XT :VpD range 3.0V to 6.0V (Tape/Reel)

Examples

a)

b)

c)

PIC16C924 - 04/P 301
Commercial Temp.,
PDIP Package, 4 MHz,
normal VoD limits, QTP
pattern #301
PIC16LC923 - 04/PT
Commercial Temp.,
TQFP package, 4 MHz,
extended VDD limits
PIC16C923 - 08l/CL
Industrial Temp.,
Windowed CERQUAD
package, 8 MHz, normal
VDD limits

* CL Devices are UV erasable and can be programmed to any device configuration. CL Devices meet the electrical requirement of
each oscillator type (including LC devices).

Sales and Support

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:
1. Your local Microchip sales office (see below)

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277

3. The Microchip’s Bulletin Board, via your local CompuServe number (CompuServe membership NOT required).

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302.
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WORLDWIDE SALES & SERVICE

AMERICAS

Corporate Office

Microchip Technology Inc.

2355 West Chandler Blvd.

Chandler, AZ 85224-6199

Tel: 602 786-7200 Fax: 602 786-7277
Technical Support: 602 786-7627
Web: http://www.microchip.com
Atlanta

Microchip Technology Inc.

500 Sugar Mill Road, Suite 200B
Atlanta, GA 30350

Tel: 770 640-0034 Fax: 770 640-0307
Boston

Microchip Technology Inc.

5 Mount Royal Avenue

Marlborough, MA 01752

Tel: 508 480-9990 Fax: 508 480-8575
Chicago

Microchip Technology Inc.

333 Pierce Road, Suite 180

Itasca, IL 60143

Tel: 708 285-0071 Fax: 708 285-0075
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Microchip Technology Inc.

14651 Dallas Parkway, Suite 816
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Microchip Technology Inc.
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Microchip Technology Inc.
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Microchip Technology Inc.
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Tel: 516 273-5305 Fax: 516 273-5335
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Microchip Technology Inc.

2107 North First Street, Suite 590
San Jose, CA 95131

Tel: 408 436-7950 Fax: 408 436-7955
Toronto

Microchip Technology Inc.

5925 Airport Road, Suite 200
Mississauga, Ontario L4V 1W1, Canada
Tel: 905 405-6279 Fax: 905 405-6253

ASIA/PACIFIC

China

Microchip Technology

Unit 406 of Shanghai Golden Bridge
Mansion

2077 Yan'’an Road West, Hongiao District
Shanghai, Peoples Republic of China
Tel: 86 21 6275 6060 x 406

Hong Kong

Microchip Technology

RM 3801B, Tower Two

Metroplaza

223 Hing Fong Road

Kwai Fong, N.T. Hong Kong

Tel: 852 2 401 1200 Fax: 852 2 401 3431
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Microchip Technology

No. 6, Legacy, Convent Road

Bangalore 560 025 India

Tel: 91 80 526 3148 Fax: 91 80 558 6606
Korea

Microchip Technology

168-1, Youngbo Bldg. 3 Floor
Samsung-Dong, Kangnam-Ku,

Seoul, Korea

Tel: 82 2 554 7200 Fax: 82 2 558 5934
Singapore

Microchip Technology

200 Middle Road

#10-03 Prime Centre

Singapore 188980

Tel: 65 334 8870 Fax: 65 334 8850
Taiwan

Microchip Technology

10F-1C 207

Tung Hua North Road

Taipei, Taiwan, ROC

Tel: 886 2 717 7175 Fax: 886 2 545 0139
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EUROPE
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Arizona Microchip Technology Ltd.

Unit 6, The Courtyard

Meadow Bank, Furlong Road

Bourne End, Buckinghamshire SL8 5AJ
Tel: 44 1628 850303 Fax: 44 1628 850178
France

Arizona Microchip Technology SARL

Zone Industrielle de la Bonde

2 Rue du Buisson aux Fraises

91300 Massy - France

Tel: 33169 536320 Fax: 33169309079
Germany

Arizona Microchip Technology GmbH
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Arizona Microchip Technology SRL
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JAPAN

Microchip Technology Intl. Inc.
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Tel: 81 45 471 6166 Fax: 81 45 471 6122
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