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PIC16C9XX

FIGURE 3-2: PIC16C924 BLOCK DIAGRAM
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FIGURE 7-3: TIMEROTIMING: INTERNAL CLOCK/PRESCALE 1:2

pC Q1] Q2| Q3| @4, Q1] Q2| Q3| Q4 ,Q1| Q2| Q3| 4 ;1| 2| Q3| 04, Q1] Q2| Q3| Q4 |Q1] Q2] Q3] @4, Q1| Q2| Q3| Q4 ; Q1] Q2| Q3| Q4 |

(Program : ' ' ' ' ' ' ' '
Counter) { PC-1 X PC X PC+1 X PC+2 X PC+3 X PC+4 ¥ PC+5 X PC+6 )

' | f | i ' | f i
Instruction ' ' MOVWF TMRO ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' '
Fe[Ch 1 1 1 1 1 1 1 1 1
TMRO 10 X To+L . ¥ ; NTO . ; N NTORL )

' ' ' ? ' ? ' ? ' ? ' ? ' ? '
Instruction : : : i : : : : : :
Execute . . . WriteTMRO , ReadTMRO , 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| Q4 Q] Q2] @3] @4 Q1| Q2] @3] @4 Q1| Q2| @3| @4 Q1| Q2] Q3| Q4

S AVAVA AN AW AWAWAR AU ANAWAR AVAWAWAR AWAWAWAE

CLKOUT(3)

Timer0 : :
TOIF bit ! * @

(INTCON<2>) !

FFh 02h

><

01h X

-
©

BRI SCIEE  C

GIE bit ' ,

(INTCON<7>) \
INSTRUCTION:
FLOW

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 :

PC +1 X PC +1 N 0004h X 0005h
Instruction * :

B I O

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.

DS30444E - page 46 0 1997 Microchip Technology Inc.



PIC16C9XX

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 Timer1.

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.

FIGURE 10-4: SIMPLIFIED PWM BLOCK
DIAGRAM

CCP1CON<5:4>

Duty cycle registers ’/

| CCPRI1L ‘ |

| CCPR1H (Slave) ‘ |
| Comparator i R Q
ﬁ} RC1/CCP1
| TMR2 | (Note 1) |
e— 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

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

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.

' Duty Cycle : TMR2 = PR2

_ TMR2 = Duty Cycle
TMR2 = PR2

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+ ToOSC*
(TMR2 prescale value)

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

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

e The PWM duty cycle is latched from CCPR1L into
CCPR1H

0 1997 Microchip Technology Inc.
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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<3:0>,)' ) . 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 (PIEL<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:LMUXO0

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 O Power-on | all other
Reset Resets
0Bh 8Bh, |\\1con | 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 | TMRI1IE | 00-- 0000 | 00-- 0000
10h T1CON = = T1CKPS1 | TICKPSO | TLOSCEN | TISYNC | TMR1CS | TMR1ON | --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 CSo LMUX1 | LMUXO | 00-0 0000 | 00-0 0000
110h Lcppoo | SEGO7 | SEGO6 | SEGO5 | SEGO4 SEG03 | SEGO2 | SEGOL | SEGO0 |, . .o oo | 0w
COMO | COMO | COMO COMO COMO COMO | COMO | COMO
111h Lcppol | SEG15 | SEG14 | SEG13 | SEGI2 SEG11 | SEG10 | SEGO9 | SEGO8 |, . .o .o | = wuuu
COMO | COMO | COMO COMO COMO COMO | COMO | COMO
SEG23 | SEG22 | SEG21 | SEG20 SEG19 | SEG18 | SEG17 | SEG16
112h LCDDOZ | ‘om0 | como | como | como | como | como | como | como |OXX XXxx | uuuu uuuu
113h Lcppos | SEG3L | SEG30 | SEG29 | SEG28 SEG27 | SEG26 | SEG25 | SEG24 | . .00 o | o uuu
COMO | COMO | COMO COMO COMO COMO | COMO | COMO
SEGO7 | SEG06 | SEG05 | SEG04 SEG03 | SEG02 | SEGO1 | SEGO0
114h LCDDO4 | ‘oom1 | comi | comi | comi | comi | comi | comi | comi [X0O%¢ Xxxx|uuuu uuuu
115h Lcppos | SEG15 | SEG14 | SEG13 | SEGI2 SEG11 | SEG10 | SEG09 | SEGO8 | . .o o | W wuuu
COM1 | coM1 | comi CcoM1 COM1 COM1 | COM1 | cOM1
116h Lcbpos | SEG23 | SEG22 | SEG21 | SEG20 SEG19 | SEG18 | SEGL7 | SEG16 | . .o\ o | i wuuu
coM1 | com1 | comi com1 com1 COM1 | COM1 | cOMm1
117h Lcppo7 | SEG3L | SEG30 | SEG29 | SEG28 SEG27 | SEG26 | SEG25 | SEG24 | . .00 o | o uuu
com1® | comi | comi COoM1 CoM1 COM1 | COM1 | COM1
118h Lcppog | SEGO7 | SEGO6 | SEGO5 | SEGO4 SEG03 | SEGO2 | SEGOL | SEGO0 |, ..o oo | 0w
CcCoM2 | com2 | com2 COM2 CoM2 COM2 | COM2 | com2
119h Lcpbpog | SEG15 | SEG14 | SEG13 | SEGI2 SEG11 | SEGI10 | SEGO9 | SEGO8 | . .o o | 0 wuuu
coM2 | com2 | com2 COM2 CoM2 CcoM2 | coM2 | com2
SEG23 | SEG22 | SEG21 | SEG20 SEG19 | SEG18 | SEG17 | SEG16
11Ah LCDDIO | ‘comz | com2 | com2 | com2 | com2 | com2 | com2 | comz |XXX XXxx | uuuu uuuu
11Bh Lcpp11 | SEG3L | SEG30 | SEG29 | SEG28 SEG27 | SEG26 | SEG25 | SEG24 | . .00 .o | o uuu
com2@ | com2® | comz COM2 COM2 COM2 | com2 COM2
11Ch LcDp12 | SEGO7 | SEGO6 | SEGO5 | SEGO4 SEG03 | SEGO2 | SEGOL | SEGO0 |, . .o oo | 0w
COM3 | cCoM3 | CcoMm3 CoM3 CoM3 COM3 | COM3 | COM3
11Dh Lcpp13 | SEG15 | SEG14 | SEG13 | SEGI2 SEG11 | SEG10 | SEGO9 | SEGO8 | . .o o | 0 wuuu
CcCOM3 | coM3 | CcoM3 COM3 COM3 CcoM3 | coM3 | com3
SEG23 | SEG22 | SEG21 | SEG20 SEG19 | SEG18 | SEG17 | SEG16
11Eh LCDD14 | ‘com3 | com3s | com3 | com3 | com3 | COM3 | COM3 | comz | XXX XXXx | uuuu uuuu
11Fh Lcppis | SEG3L | SEG30 | SEG29 | SEG28 SEG27 | SEG26 | SEG25 | SEG24 | . .00 oo | o uuu
com3®@ | com3®@ | com3® | cowms COM3 COM3 | CcoM3 COM3
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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FIGURE 14-8: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbD): CASE 1

VDD —/

MCLR

INTERNAL POR | Z

X TPWRT '

PWRT TIME-OUT 1 <—TOSF—

OST TIME-OUT

INTERNAL RESET

FIGURE 14-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbDD): CASE 2

VDD —/

MCLR

INTERNAL POR | Z

X TPWRT

PWRT TIME-OUT 1=—TOSF—

OST TIME-OUT
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FIGURE 14-10:TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)

VDD —/

MCLR —/::/
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j<—— TPWRT——

PWRT TIME-OUT O

OST TIME-OUT
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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 — — Z Z Z

o) \\.: 1@ : : : |
INTF flag A'—/@ . + Interrupt Latency (2) . .
(INTCON<1>) ' ; A : : : :

GIE bit ; : : \ : : :

(INTCON<7>) . ! .

INSTRUCTION :FLOW X X X ' '
PC ¢ PC X PC+1 X PC+1 X 0004h X 0005h
Instruction ( ! ! ! ! !
fetched { : Inst (PC) ¢ Inst(PC+1) ! — ' Inst (0004h) : Inst (0005h) !
g(set(r:ﬂ%taign{ . Inst (PC-1) X Inst (PC) ' DummyCycle ! DummyCycle ! Inst (0004h)

Note 1:INTF flag is sampled here (every Q1).
2: Interrupt latency = 3-4 Tcy where TcCy = 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:INTF can be set anytime during the Q4-Q1 cycles.
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NOP No Operation RETFIE Return from Interrupt
Syntax: [ label] NOP Syntax: [ label] RETFIE
Operands: None Operands: None
Operation: No operation Operation: TOS - PC,
1 - GIE

Status Affected:  None
Encoding: | 00 | 0000 | 0xx0 | 0000 | Status Affected:  None

Encoding: | 00 | 0000 | 0000 | 1001 |
Description: No operation.

. Description: Return from Interrupt. Stack is POPed
Words: 1 and Top of Stack (TOS) is loaded in the
Cycles: 1 PC. Interrupts are enableq by setting

Global Interrupt Enable bit, GIE
Q Cycle Activity: Q1 Q2 Q3 Q4 (INTCON<7>). This is a two cycle
instruction.
Decode No- No- No-
Operation | Operation | Operation Words: 1
Cycles: 2
Example NOP o
Q Cycle Activity: Q1 Q2 Q3 Q4
1st Cycle | Decode No- Setthe | Pop from
Operation | GIE bit | the Stack
2nd Cycle No- No- No- No-
Operation | Operation | Operation | Operation
Example RETFI E
After Interrupt
PC = TOS
GIE = 1
OPTION Load Option Register
Syntax: [ label] OPTION
Operands: None
Operation: (W) - OPTION
Status Affected: None
Encoding: | 00 |0000 | 0110 |0010
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: 1
Cycles: 1
Example

To maintain upward compatibility
with future PIC16CXX products, do
not use this instruction.

0 1997 Microchip Technology Inc.
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16.0 DEVELOPMENT SUPPORT

16.1 Development Tools

The PICmicro 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

* PICDEM-1 Low-Cost Demonstration Board

* PICDEM-2 Low-Cost Demonstration Board

« PICDEM-3 Low-Cost Demonstration Board

¢ MPASM Assembler

« MPLABO SIM Software Simulator

¢ MPLAB-C (C Compiler)

* Fuzzy Logic Development System
(fuzzyTECHP-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 PIC12CXXX, PIC14C000,
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 fea-
tures that are generally found on more expensive devel-
opment tools. The PC compatible 386 (and higher)
machine platform and Microsoft Windows" 3.x environ-
ment were chosen to best make these features avail-
able 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-ATH through PentiumO
based machines under Windows 3.x environment.
ICEPIC features real time, non-intrusive emulation.

16.4 PRO MATE II: 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 VpPP
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 PIC12CXXX, PIC14CO000, PIC16C5X,
PIC16CXXX and PIC17CXX 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 PIC12CXXX, PIC14C000,
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.

0 1997 Microchip Technology Inc.
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16.6 PICDEM-1 Low-Cost PICmicro
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-Plus 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-Plus, 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 firmware.
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 potenti-
ometer for simulated analog input, a thermistor and
separate headers for connection to an external LCD
module and a keypad. Also provided on the PICDEM-3
board is an LCD panel, with 4 commons and 12 seg-
ments, that is capable of displaying time, temperature
and day of the week. The PICDEM-3 provides an addi-
tional RS-232 interface and Windows 3.1 software for
showing the demultiplexed LCD signals on a PC. A sim-
ple serial interface allows the user to construct a hard-
ware demultiplexer for the LCD signals.

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:

« A full 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 PICmicro 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.

MPASM allows full symbolic debugging from
PICMASTER, Microchip’s Universal Emulator System.
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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 -| 0.8V V |45V <VDD<5.5V
D031 with Schmitt Trigger buffer Vss - 10.2vbD| V
D032 [MCLR, OSC1 (in RC mode) Vss - |0.2vbD| V
D033 |OSC1 (in XT, HS and LP) Vss - |1 0.3vDpDp| 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 0.8vbD | - VDD \%
D042 |MCLR 0.8VbD | - | VDD \Y,
D042A |OSC1 (XT, HS and LP) 0.7vbbD | - | VDD V  |Notel
D043 |OSC1 (in RC mode) 0.9VDoD | - VDD \%
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 - - +1.0 HA |Vss < VPIN £ VDD, Pin at hi-Z
D061 |MCLR, RA4/TOCKI - - 15 MA [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 mode) - - 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 mode) 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 /O pins and OSC2 (in RC) Cio - - 50 pF
D102* |scL, SDA in 1°C mode Cs - - | 400 | pF
D150* [Open -Drain High Voltage VDD - - 14 V |RA4 pin

*

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: 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 current sourced by the pin.
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FIGURE 17-4: CLKOUT AND I/O TIMING
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Refer to Figure 17-2 for load conditions.
TABLE 17-5: CLKOUT AND I/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?t — 75 200 ns Note 1
12* TckR CLKOUT rise time — 35 100 ns Note 1
13* TckF CLKOUT fall time — 35 100 ns Note 1
14* TckL2ioV | CLKOUT | to Port out valid — — | 0.5Tcy+20| ns Note 1
15* TioV2ckH | Port in valid before CLKOUT 1 Tosc + 200 — — ns Note 1
16* TckH2iol | Portin 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 PIC16C923/924 100 — — ns
Port input invalid (/O in PIC16LC923/924 200 _ — ns
hold time)
19* TioV2osH | Port input valid to OSC11 (I/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
22tt* Tinp INT pin high or low time Tcy — — ns
23tt* Trbp RB7:RB4 change INT high or low time Tcy — — 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 17-8: SPI MASTER MODE TIMING (CKE = 0)
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SCK
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Refer to Figure 17-2 for load conditions.

FIGURE 17-9: SPI MASTER MODE TIMING (CKE = 1)

SDO % . IMSb X BIT6 (21 >< LSh
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Refer to Figure 17-2 for load conditions.
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TABLE 17-9: SPI MODE REQUIREMENTS

Param Sym Characteristic Min Typt Max Units | Conditions

No.

70* TssL2scH, SS! to SCK! or SCK1 input Tcy — — ns
TssL2scL

71* TscH SCK input high time (slave Continuous 1.25Tcy + — — ns

mode) 30
71A* Single Byte 40 — — ns
72* TscL SCK input low time (slave Continuous 1.25Tcy + — — ns
mode) 30

T2A* Single Byte 40

73* TdiV2scH, Setup time of SDI data input to SCK edge 50 — — ns
TdiV2scL

74* TscH2diL, Hold time of SDI data input to SCK edge 50 — — ns
TscL2diL

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 edge — — 50 ns
TscL2doV

81* TdoV2scH, SDO data output setup to SCK edge Tcy — — ns
TdoV2scL

82* TssL2doV SDO data output valid after SS1 edge — — 50 ns

83* TscH2ssH, SS 1 after SCK edge 1.5Tcy + 40 — — ns
TscL2ssH

84* Th2b Delay between consecutive bytes 1.5Tcy + 40 — — ns

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 17-14: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 17-13:A/D CONVERSION REQUIREMENTS

Param | Sym [ Characteristic Min Typt Max Units Conditions

No.

130 | TAD |A/D clock period P1C16C924 1.6 — — us | Tosc based, VREF = 3.0V
PIC16LC924 2.0 — — ps | Tosc based, VREF full range
PIC16C924 2.0 4.0 6.0 pus | A/D RC Mode
PIC16LC924 3.0 6.0 9.0 pus | A/D RC Mode

131 | Tenv | Conversion time (not including S/H time) — 9.5 — TAD

(Note 1)
132 | TACQ | Acquisition time Note 2 20 — ps
5* — — ps | The minimum time is the amplifier

settling time. This may be used if
the "new" input voltage has not
changed by more than 1 LSb (i.e.,
20.0 mV @ 5.12V) from the last
sampled voltage (as stated on
CHOLD).

134 | Teo | Q4 to A/D clock start — Tosc/2 § — — | Ifthe 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.

135 | Tswc | Switching from convert — sample time 158§ — — TAD

*  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.
§ This specification ensured by design.
Note 1: ADRES register may be read on the following Tcy cycle.
2: See Section 12.1 for min conditions.

0 1997 Microchip Technology Inc. DS30444E - page 159



PIC16C9XX

19.0 PACKAGING INFORMATION

19.1 64-Lead Plastic Surface Mount (TQFP 10x10x1 mm Body 1.0/0.10 mm Lead Form))
D1
D
D/2
T T 1
] o2
N S S
E1 A % [ ===
o ) DETAIL A
0° min.
A2
l Datum Plane :
T 0.25
f 0.08 | t
Al R min. 0-7°
:0_09/0_20 0.20 min. —| | Gauge Plane
R A
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 - - 0.047
Al 0.05 0.10 0.15 0.002 0.004 0.006
A2 0.95 1.00 1.05 0.037 0.039 0.041
b 0.17 0.22 0.27 0.007 0.009 0.011
bl 0.17 0.20 0.23 0.007 0.008 0.009
D - 12.00 - - 0.472 -
D1 - 10.00 - - 0.394 -
E - 12.00 - - 0.472 -
El - 10.00 - - 0.394 -
e - 0.50 - - 0.020 -
L 0.45 0.60 0.75 0.018 0.024 0.030
N 64 64 64 64 64 64
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19.2 64-Lead Plastic Dual In-line (750 mil)

N

ArArAr A rg 0

|11 E i —»Qrc

l il eA bl
[ I— A - eB >

Pin No. 1——
Indicator Area

- D >

—» Sle— S1— |-

Base LI |
\

Plane™\ ]

Seating —— A

Plane L i
B1 el | ALA2 A

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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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 micro-
controller 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

e 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 humber.

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 disap-
proves 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. PICmicro, ICSP, MPLAB and fuzzylL 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 trade-
mark of Intel Corporation. Windows is a trademark and
MS-DOS, Microsoft Windows are registered trademarks
of Microsoft Corporation. CompuServe is a registered
trademark of CompusServe Incorporated.

All other trademarks mentioned herein are the property of
their respective companies.
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MICROCHIP

WORLDWIDE SALES AND SERVICE

AMERICAS

Corporate Office

2355 West Chandler Blvd.

Chandler, AZ 85224-6199

Tel: 480-792-7200 Fax: 480-792-7277
Technical Support: 480-792-7627

Web Address: http://www.microchip.com
Rocky Mountain

2355 West Chandler Blvd.

Chandler, AZ 85224-6199

Tel: 480-792-7966 Fax: 480-792-7456

Atlanta

500 Sugar Mill Road, Suite 200B
Atlanta, GA 30350

Tel: 770-640-0034 Fax: 770-640-0307
Boston

2 Lan Drive, Suite 120

Westford, MA 01886

Tel: 978-692-3848 Fax: 978-692-3821
Chicago

333 Pierce Road, Suite 180

Itasca, IL 60143

Tel: 630-285-0071 Fax: 630-285-0075
Dallas

4570 Westgrove Drive, Suite 160
Addison, TX 75001

Tel: 972-818-7423 Fax: 972-818-2924
Detroit

Tri-Atria Office Building

32255 Northwestern Highway, Suite 190
Farmington Hills, MI 48334

Tel: 248-538-2250 Fax: 248-538-2260
Kokomo

2767 S. Albright Road

Kokomo, Indiana 46902

Tel: 765-864-8360 Fax: 765-864-8387
Los Angeles

18201 Von Karman, Suite 1090

Irvine, CA 92612

Tel: 949-263-1888 Fax: 949-263-1338
New York

150 Motor Parkway, Suite 202
Hauppauge, NY 11788

Tel: 631-273-5305 Fax: 631-273-5335
San Jose

Microchip Technology Inc.

2107 North First Street, Suite 590

San Jose, CA 95131

Tel: 408-436-7950 Fax: 408-436-7955
Toronto

6285 Northam Drive, Suite 108
Mississauga, Ontario L4V 1X5, Canada
Tel: 905-673-0699 Fax: 905-673-6509

ASIA/PACIFIC

Australia

Microchip Technology Australia Pty Ltd

Suite 22, 41 Rawson Street

Epping 2121, NSW

Australia

Tel: 61-2-9868-6733 Fax: 61-2-9868-6755
China - Beijing

Microchip Technology Consulting (Shanghai)
Co., Ltd., Beijing Liaison Office

Unit 915

Bei Hai Wan Tai Bldg.

No. 6 Chaoyangmen Beidajie

Beijing, 100027, No. China

Tel: 86-10-85282100 Fax: 86-10-85282104
China - Chengdu

Microchip Technology Consulting (Shanghai)
Co., Ltd., Chengdu Liaison Office

Rm. 2401, 24th Floor,

Ming Xing Financial Tower

No. 88 TIDU Street

Chengdu 610016, China

Tel: 86-28-6766200 Fax: 86-28-6766599
China - Fuzhou

Microchip Technology Consulting (Shanghai)
Co., Ltd., Fuzhou Liaison Office

Unit 28F, World Trade Plaza

No. 71 Wusi Road

Fuzhou 350001, China

Tel: 86-591-7503506 Fax: 86-591-7503521
China - Shanghai

Microchip Technology Consulting (Shanghai)
Co., Ltd.

Room 701, Bldg. B

Far East International Plaza

No. 317 Xian Xia Road

Shanghai, 200051

Tel: 86-21-6275-5700 Fax: 86-21-6275-5060
China - Shenzhen

Microchip Technology Consulting (Shanghai)
Co., Ltd., Shenzhen Liaison Office

Rm. 1315, 13/F, Shenzhen Kerry Centre,
Renminnan Lu

Shenzhen 518001, China

Tel: 86-755-2350361 Fax: 86-755-2366086
Hong Kong

Microchip Technology Hongkong Ltd.

Unit 901-6, Tower 2, Metroplaza

223 Hing Fong Road

Kwai Fong, N.T., Hong Kong

Tel: 852-2401-1200 Fax: 852-2401-3431
India

Microchip Technology Inc.

India Liaison Office

Divyasree Chambers

1 Floor, Wing A (A3/A4)

No. 11, O’Shaugnessey Road

Bangalore, 560 025, India

Tel: 91-80-2290061 Fax: 91-80-2290062

Japan

Microchip Technology Japan K.K.

Benex S-1 6F

3-18-20, Shinyokohama

Kohoku-Ku, Yokohama-shi

Kanagawa, 222-0033, Japan

Tel: 81-45-471- 6166 Fax: 81-45-471-6122

Korea

Microchip Technology Korea

168-1, Youngbo Bldg. 3 Floor
Samsung-Dong, Kangnam-Ku

Seoul, Korea 135-882

Tel: 82-2-554-7200 Fax: 82-2-558-5934
Singapore

Microchip Technology Singapore Pte Ltd.
200 Middle Road

#07-02 Prime Centre

Singapore, 188980

Tel: 65-6334-8870 Fax: 65-6334-8850
Taiwan

Microchip Technology Taiwan

11F-3, No. 207

Tung Hua North Road

Taipei, 105, Taiwan

Tel: 886-2-2717-7175 Fax: 886-2-2545-0139

EUROPE

Denmark

Microchip Technology Nordic ApS

Regus Business Centre

Lautrup hoj 1-3

Ballerup DK-2750 Denmark

Tel: 45 4420 9895 Fax: 45 4420 9910
France

Microchip Technology SARL

Parc d’Activite du Moulin de Massy

43 Rue du Saule Trapu

Batiment A - ler Etage

91300 Massy, France

Tel: 33-1-69-53-63-20 Fax: 33-1-69-30-90-79
Germany

Microchip Technology GmbH
Gustav-Heinemann Ring 125

D-81739 Munich, Germany

Tel: 49-89-627-144 0 Fax: 49-89-627-144-44
Italy

Microchip Technology SRL

Centro Direzionale Colleoni

Palazzo Taurus 1 V. Le Colleoni 1

20041 Agrate Brianza

Milan, Italy

Tel: 39-039-65791-1 Fax: 39-039-6899883
United Kingdom

Arizona Microchip Technology Ltd.

505 Eskdale Road

Winnersh Triangle

Wokingham

Berkshire, England RG41 5TU

Tel: 44 118 921 5869 Fax: 44-118 921-5820
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