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PIC16C77X

Key Features

PICmicro™ Mid-Range Reference Manual PIC16C773 PIC16C774
(DS33023)

Operating Frequency DC - 20 MHz DC - 20 MHz

Resets (and Delays) POR, BOR, MCLR, WDT POR, BOR, MCLR, WDT
(PWRT, OST) (PWRT, OST)

Program Memory (14-bit words) 4K 4K

Data Memory (bytes) 256 256

Interrupts 13 14

1/0 Ports Ports A,B,C Ports A,B,C,D,E

Timers 3 3

Capture/Compare/PWM modules 2 2

Serial Communications MSSP, USART MSSP, USART

Parallel Communications — PSP

12-bit Analog-to-Digital Module

6 input channels

10 input channels

Instruction Set

35 Instructions

35 Instructions
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To Our Valued Customers
Most Current Data Sheet
To obtain the most up-to-date version of this data sheet, please check our Worldwide Web site at:
http://www.microchip.com

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

Errata

An errata sheet may exist for current devices, describing minor operational differences (from the data sheet) and recommended

workarounds. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revi-
sion of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:
¢ Microchip’s Worldwide Web site; http://www.microchip.com

* Your local Microchip sales office (see last page)
* The Microchip Corporate Literature Center; U.S. FAX: (602) 786-7277

When contacting a sales office or the literature center, please specify which device, revision of silicon and data sheet (include liter-
ature number) you are using.

Corrections to this Data Sheet

We constantly strive to improve the quality of all our products and documentation. We have spent a great deal of time to ensure
that this document is correct. However, we realize that we may have missed a few things. If you find any information that is missing
or appears in error, please:

* Fill out and mail in the reader response form in the back of this data sheet.

¢ E-mail us at webmaster@ microchip.com.

We appreciate your assistance in making this a better document.
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FIGURE 1-2: PIC16C774 BLOCK DIAGRAM
#— Program Counter
EPROM 9 4 RAO/ANO
Program B RA1/AN1
Memory RAM s RA2/AN2/VREF-/VRL
8 Level Stack File ~t RA3/AN3/VREF+/VRH
4Kx 14 (13-bit) Registers B gﬁgg?\ﬁtm
o 256 x 8 T
rogram
Bus 14 RAM Addr (" t 9 PORTB
. Addr MUX RBO/INT
Instruction reg RB1/58
‘ ‘ Direct Addr 7, Indirect RB2/ANS
Addr RB3/AN9/LVDIN
RB7:RB4
8 STATUS reg PORTC
RCO/T10SO/T1CKI
X} < RC1/T10SI/CCP2
N RC2/CCP1
Instruction < RC3/SCK/SCL
Decode & S RC4/SDI/SDA
Control qu'vivnewre-rp «— RC5/SDO
i i ALU < RC6/TX/CK
OSC1/CLKIN|X|<}:'> Ger:r::gtgi;on ko= Oscillator RC7/RX/DT
0SC2/CLKOUT Start-up Timer 8 PORTD
Power-on
Watchdog
Timer [ RD7/PSP7:RDO/PSPO
Precision Brown-out
Reference Reset
% Parallel Slave Port PORTE
MCLR VDD, Vss <>—>‘X REO/AN5/RD
4—X] RE1/AN6/WR
12-bit ——x] AvoD +—{X] RE2/AN7/CS
ADC ——X] Avss
Timer0 Timer1 Timer2
Synchronous
CCcP1.2 Serial Port USART

Note 1:

Higher order bits are from the STATUS register.
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TABLE 1-2 PIC16C774 PINOUT DESCRIPTION (Cont.d)

Pin Name DIP | PLCC | QFP |l/O/P Buffer Descriotion
Pin# Pin# Pin# | Type Type P
PORTC is a bi-directional I/0 port.
RCO/T10SO/T1CKI 15 16 32 /0 ST RCO can also be the Timer1 oscillator output or a
Timer1 clock input.
RC1/T10SI/CCP2 16 18 3 | 10 ST RC1 can also be the Timer! oscillator input or
Capture2 input/Compare2 output/PWM2 output.
RC2/CCP1 17 19 3 | IO ST RC2 can also be the Capture1 input/Compare1
output/PWM1 output.
RC3/SCK/SCL 18 20 37 | IO ST RC3 can also be the synchronous serial clock input/
output for both SPI and 12C modes.
RC4/SDI/SDA 23 25 42 | 10 ST RC4 can also be the SPI Data In (SPI mode) or
data I/0 (I°C mode).
RC5/SDO 24 26 43 | 110 ST RCS5 can also be the SPI Data Out
(SPI mode).
RC6/TX/CK 25 27 44 | 10 ST RC6 can also be the USART Asynchronous
Transmit or Synchronous Clock.
RC7/RX/DT 26 29 1 10 ST RC7 can also be the USART Asynchronous Receive
or Synchronous Data.
PORTD is a bi-directional I/O port or parallel slave port
when interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 | 1o | STATL®
RD1/PSP1 20 22 39 | o | SsTATL®
RD2/PSP2 21 23 4 | o | sTATL®
RD3/PSP3 22 24 41 o | sTATL®
RD4/PSP4 27 30 2 o | sTATL®
RD5/PSP5 28 31 3 o | sTATL®
RD6/PSP6 29 32 4 o | sTATL®
RD7/PSP7 30 33 5 o | sTATL®
PORTE is a bi-directional 1/O port.
REO/RD/AN5 8 9 25 /0 ST/TTL® REO can also be read control for the parallel slave
port, or analog input5.
RE1/WR/AN6 9 10 26 /0 ST/TTL® RE1 can also be write control for the parallel slave
port, or analog input6.
RE2/CS/AN7 10 11 27 /0 ST/TTL® RE2 can also be select control for the parallel slave
port, or analog input7.
AVss 12 13 29 P Ground reference for A/D converter
AVDD 11 12 28 P Positive supply for A/D converter
Vss 31 34 6 P — Ground reference for logic and I/O pins.
VDD 32 35 7 P — Positive supply for logic and 1/O pins.
NC — 1,17,28, | 12,13, — These pins are not internally connected. These pins
40 33,34 should be left unconnected.
Legend: |=input O = output 1/0 = input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured for the multiplexed function.
2: This buffer is a Schmitt Trigger input when used in serial programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

© 1999-2013 Microchip Technology Inc.
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TABLE 2-1 PIC16C77X SPECIAL FUNCTION REGISTER SUMMARY (Cont.d)
Value on: | Value on all
Address |[Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other resets
BOR 2
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_REG| RBPU | INTEDG | TOCS | TOSE | PSA ‘ PS2 ‘ PS1 ‘ PSO 1111 1111 1111 1111
82h® | PCL Program Counter's (PC) Least Significant Byte 00000000 | 0000 0000
83h® | STATUS IRP | RP1 | RPO | TO | PD ‘ z ‘ DC ‘ c 0001 1xxx | 000q quuu
84n(® FSR Indirect data memory address pointer XXXX XXXX uuuu uuuu
85h TRISA — | — |bit5<5> |PORTA Data Direction Register 111111 ~11 1111
86h TRISB PORTB Data Direction Register 1111 1111 1111 1111
87h TRISC PORTC Data Direction Register 11111111 11111111
88h(® | TRISD PORTD Data Direction Register i | 1l
89h(® TRISE IBF OBF IBOV PSPMODE | = ‘PORTE Data Direction Bits 0000 -111 0000 -111
8Ah(14) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 ---0 0000
8Bh(4) INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 0000 000u
8Ch PIE1 PSPIE®) ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMRI1IE 0000 0000 0000 0000
8Dh PIE2 LVDIE = = = BCLIE = = CCP2IE 0--- 0--0 0--- 0--0
8Eh PCON — — — — — — POR BOR | - qq | - uu
8Fh — Unimplemented — —
90h — Unimplemented — —
91h SSPCON2 GCEN | AKSTAT | AKDT | AKEN | RCEN ‘ PEN ‘ RSEN ‘ SEN 0000 0000 0000 0000
92h PR2 Timer2 Period Register 11111111 11111111
93h SSPADD Synchronous Serial Port (12C mode) Address Register 0000 0000 0000 0000
94h SSPSTAT SMP | CKE | D/A | P | S ‘ R/W ‘ UA ‘ BF 0000 0000 0000 0000
95h — Unimplemented — —
96h — Unimplemented — —
97h — Unimplemented — —
98h TXSTA CSRC | TX9 | TXEN | SYNC | — ‘ BRGH ‘ TRMT ‘ TX9D 0000 -010 0000 -010
99h SPBRG Baud Rate Generator Register 0000 0000 0000 0000
9Ah — Unimplemented — —
9Bh REFCON VRHEN VRLEN VRHOEN VRLOEN = = = = 0000 ---- 0000 ----
9Ch LVDCON — — BGST LVDEN Lv3 Lv2 Lv1 LvVO --00 0101 --00 0101
9Ah — Unimplemented — —
9Eh ADRESL A/D Low Byte Result Register XXXX XXXX uuuu uuuu
9Fh ADCON1 ADFM | VCFG2 | VCFG1 | VCFGO | PCFG3 ‘ PCFG2 ‘ PCFG1 ‘ PCFGO 0000 0000 0000 0000
Legend:  x =unknown, u = unchanged, q = value depends on condition, - = unimplemented read as '0'.
Shaded locations are unimplemented, read as ‘0’.
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose contents are transferred to
the upper byte of the program counter. o
2:  Other (non power-up) resets include external reset through MCLR and Watchdog Timer Reset.
3: Bits PSPIE and PSPIF are reserved on the 28-pin devices, always maintain these bits clear.
4: These registers can be addressed from any bank.
5:  These registers/bits are not implemented on the 28-pin devices read as '0".
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FIGURE 3-2: BLOCK DIAGRAM OF FIGURE 3-3: BLOCK DIAGRAM OF
RA1:RA0 AND RA5 PINS RA4/TOCKI PIN
Data Data
bus bus D Q
D Q WR
WR VDD PORT ckRUg uS gt
Port | g N
CK L Q ) ‘ ) Data Latch
Data Latch r—‘g — D Q Vss
N 1/0 pin(™ ¥VF}{::S S
— D Q ckLa chmitt
K-a Trigger %7
we_ TRIS Latch T
pal) cK L Q Vss
Analog
TRIS Latch input. RD TRIS
Q D
TTL
bie =
urier
Q D RD PORT L {>o —‘
__ TMRO clock input
EN -
Note 1: 1/0 pin has protection diodes to Vss only.
RD PORT {>G
To A/D Converter
Note 1: 1/O pins have protection diodes to VDD and
Vss.
TABLE 3-1 PORTA FUNCTIONS
Name Bit# Buffer |Function
RAO/ANO bit0 TTL Input/output or analog input0
RA1/AN1 bit1 TTL Input/output or analog input1
RA2/AN2/VREF-/VRL bit2 TTL Input/output or analog input2 or VREF- input or internal reference
voltage low
RAS3/AN3/VREF+/VRH bit3 TTL Input/output or analog input or VREF+ input or output of internal
reference voltage high
RA4/TOCKI bit4 ST Input/output or external clock input for Timer0
Output is open drain type
RAS5/AN4(1) bit5 TTL Input/output or analog input

Legend: TTL = TTL input, ST = Schmitt Trigger input
Note 1: RA5 is reserved on the 28-pin devices, maintain this bit clear.

TABLE 3-2 SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value on: Value on all

Address | Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR,
other resets

BOR
05h PORTAM | — — RA5 RA4 RA3 RA2 RA1 RAO | --0x 0000 | --0u 0000
85h TRISAM — — | PORTA Data Direction Register --11 1111 | --11 1111
9Fh ADCON1 | ADFM | VCFG2 | VCFa1 | VeFGo | PCFGS | PCFG2 | PCFGH | PCFGO [ 0000 0000 | 0000 0000

Legend: x =unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by PORTA.

Note 1:

PORTA<5>, TRISA<5> are reserved on the 28-pin devices, maintain these bits clear.

DS30275B-page 28
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3.6 Parallel Slave Port

The Parallel Slave Port is implemented on the
40/44-pin devices only.

PORTD operates as an 8-bit wide Parallel Slave Port,
or microprocessor port when control bit PSPMODE
(TRISE<4>) is set. In slave mode it is asynchronously
readable and writable by the external world through RD
control input pin REO/RD and WR control input pin
RE1/WR.

It can directly interface to an 8-bit microprocessor data
bus. The external microprocessor can read or write the
PORTD latch as an 8-bit latch. Setting bit PSPMODE
enables port pin REO/RD to be the RD input, RE1/WR
to be the WR input and RE2/CS to be the CS (chip
select) input. For this functionality, the corresponding
data direction bits of the TRISE register (TRISE<2:0>)
must be configured as inputs (set). The configuration
bits, PCFG3:PCFGO (ADCON1<3:0>) must be config-
ured to make pins RE2:REO as digital I/O.

A write to the PSP occurs when both the CS and WR
lines are first detected low. A read from the PSP occurs
when both the CS and RD lines are first detected low.

FIGURE 3-13: PORTD AND PORTE BLOCK
DIAGRAM (PARALLEL SLAVE

PORT)
r-r————-""-"=-""=—-"—-"=--—- = A
Data bus
| ° b a ™S | %
| WR |
PORT RDx
 J | pin
I TTL I
| Q D |
| Rb o |
| PORT |

Note: I/O pin has protection diodes to VDD and Vss.

FIGURE 3-14: PARALLEL SLAVE PORT WRITE WAVEFORMS

Q1 | @2 | Q3 | Q4 Qi

N\

Q2 | @3 | @4 . Q1 | Q2 | @3 | Q4

d 3 @

PORTD<7:0> —

BF ,

OBF

PSPIF
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4.0 TIMERO MODULE

The Timer0 module timer/counter has the following fea-
tures:

¢ 8-bit timer/counter

¢ Readable and writable

¢ Internal or external clock select

* Edge select for external clock

¢ 8-bit software programmable prescaler
¢ Interrupt on overflow from FFh to 00h

Figure 4-1 is a simplified block diagram of the Timer0
module.

Additional information on timer modules is available in
the PICmicro™ Mid-Range Reference Manual,
(DS33023).

41 Timer0 Operation

Timer0 can operate as a timer or as a counter.

Timer mode is selected by clearing bit TOCS
(OPTION_REG<5>). In timer mode, the Timer0 mod-
ule will increment every instruction cycle (without pres-
caler). If the TMRO register is written, the increment is
inhibited for the following two instruction cycles. The
user can work around this by writing an adjusted value
to the TMRO register.

Counter mode is selected by setting bit TOCS
(OPTION_REG<5>). In counter mode, TimerO will
increment either on every rising or falling edge of pin
RA4/TOCKI. The incrementing edge is determined by
the Timer0 Source Edge Select bit TOSE
(OPTION_REG<4>). Clearing bit TOSE selects the ris-
ing edge. Restrictions on the external clock input are
discussed in below.

When an external clock input is used for TimerO0, 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.

FIGURE 4-1: TIMERO BLOCK DIAGRAM

Additional information on external clock requirements
is available in the PICmicro™ Mid-Range Reference
Manual, (DS33023).

4.2 Prescaler

An 8-bit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer, respectively (Figure 4-2). For simplicity, this
counter is being referred to as “prescaler” throughout
this data sheet. Note that there is only one prescaler
available which is mutually exclusively shared between
the Timer0 module and the Watchdog Timer. Thus, a
prescaler assignment for the Timer0 module means
that there is no prescaler for the Watchdog Timer, and
vice-versa.

The prescaler is not readable or writable.

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

Clearing bit PSA will assign the prescaler to the Timer0
module. When the prescaler is assigned to the Timer0
module, prescale values of 1:2, 1:4, ..., 1:256 are
selectable.

Setting bit PSA will assign the prescaler to the Watch-
dog Timer (WDT). When the prescaler is assigned to
the WDT, prescale values of 1:1, 1:2, ..., 1:128 are
selectable.

When assigned to the Timer0 module, all instructions
writing to the TMRO register (e.g. CLRF 1, MOVWF 1,
BSF  1,x...etc.) will clear the prescaler. When
assigned to WDT, a CLRWDT instruction will clear the
prescaler along with the WDT.

Note: Writing to TMRO when the prescaler is
assigned to TimerO will clear the prescaler
count, but will not change the prescaler
assignment.

Data bus
Fosc/4 0 PSout
Sync with
1 Internal
lock:
RA4/TOCKI Programmable coeks  ogout
pin Prescaler
TOSE (2 cycle delay)
3

Set interrupt
PS2, PS1, PSO PSA flag bit TOIF
ToCs on overflow

Note 1: TOCS, TOSE, PSA, PS2:PS0 (OPTION_REG<5:0>).
2: The prescaler is shared with Watchdog Timer (refer to Figure 4-2 for detailed block diagram).

© 1999-2013 Microchip Technology Inc.
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8.2.12  1°C MASTER MODE RECEPTION

Master mode reception is enabled by programming the
receive enable bit, RCEN (SSPCON2<3>).

Note: The SSP Module must be in an IDLE
STATE before the RCEN bit is set, or the
RCEN bit will be disregarded.

The baud rate generator begins counting, and on each
rollover, the state of the SCL pin changes (high to low/
low to high) and data is shifted into the SSPSR. After
the falling edge of the eighth clock, the receive enable
flag is automatically cleared, the contents of the
SSPSR are loaded into the SSPBUF, the BF flag is set,
the SSPIF is set, and the baud rate generator is sus-
pended from counting, holding SCL low. The SSP is
now in IDLE state, awaiting the next command. When
the buffer is read by the CPU, the BF flag is automati-
cally cleared. The user can then send an acknowledge
bit at the end of reception, by setting the acknowledge
sequence enable bit, AKEN (SSPCON2<4>).

8.2.12.10 BF STATUS FLAG

In receive operation, BF is set when an address or data
byte is loaded into SSPBUF from SSPSR. It is cleared
when SSPBUF is read.

8.2.12.11 SSPOV STATUS FLAG

In receive operation, SSPOV is set when 8 bits are
received into the SSPSR, and the BF flag is already set
from a previous reception.

8.2.12.12 WCOL STATUS FLAG

If the user writes the SSPBUF when a receive is
already in progress (i.e. SSPSR is still shifting in a data
byte), then WCOL is set and the contents of the buffer
are unchanged (the write doesn’t occur).

DS30275B-page 82
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8.2.18.17 BUS COLLISION DURING A STOP
CONDITION

Bus collision occurs during a STOP condition if:

a) After the SDA pin has been de-asserted and
allowed to float high, SDA is sampled low after
the BRG has timed out.

b) After the SCL pin is de-asserted, SCL is sam-
pled low before SDA goes high.

The STOP condition begins with SDA asserted low.
When SDA is sampled low, the SCL pin is allow to float.
When the pin is sampled high (clock arbitration), the
baud rate generator is loaded with SSPADD<6:0> and
counts down to 0. After the BRG times out SDA is sam-
pled. If SDA is sampled low, a bus collision has
occurred. This is due to another master attempting to
drive a data '0'. If the SCL pin is sampled low before
SDA is allowed to float high, a bus collision occurs.
This is another case of another master attempting to
drive a data '0' (Figure 8-40).

FIGURE 8-40: BUS COLLISION DURING A STOP CONDITION (CASE 1)

| TBRG TBRG ‘ TBRG ‘ SDA sampled
low after TBRG,
"""""""" Set BCLIF
SDA
SDA asserted low
SCL
PEN L
BCLIF
P o' 0
SSPIF ' 0
FIGURE 8-41: BUS COLLISION DURING A STOP CONDITION (CASE 2)
| TBRG TBRG ‘ TBRG ‘
SDA
TAssert SDA SCL goes low before SDA goes high
Set BCLIF

SCL /
PEN
BCLIF
P ‘0’
SSPIF 0
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NOTES:
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FIGURE 11-3: A/D BLOCK DIAGRAM
CHS3:CHS0
LML
No—] RBa/aNe
\oﬁ— RB2/AN8
X \o— RE2/AN7(1)
\o—-— RE1/AN6("
VAIN : No+—15| Reo/ans™
(Input voltage) \o— RAS5/AN4(1)
o RA3/ANS/VREF+VRH
: o RA2/AN2/VREF-/VRL
o RA1/AN1
________ AvDD Mo RAO/ANO
VREFH , 1 VRH
I
(Reference . O VRL
voltage) ' Oo—
O
AD VCFG2:VCFGO
Converter
VREFL o
. s~ o+——VRL
Cotager® 1 T 1
1]~ Avss
VCFG2:VCFGO
Note 1: Not available on 28-pin devices.
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14.0 DEVELOPMENT SUPPORT

141 Development Tools

The PICmicro® microcontrollers are supported with a
full range of hardware and software development tools:
* MPLAB™ -ICE Real-Time In-Circuit Emulator

¢ |ICEPIC™ Low-Cost PIC16C5X and PIC16CXXX
In-Circuit Emulator

* PRO MATE® Il Universal Programmer

o PICSTART® Plus Entry-Level Prototype
Programmer

* SIMICE

¢ PICDEM-1 Low-Cost Demonstration Board
¢ PICDEM-2 Low-Cost Demonstration Board
¢ PICDEM-3 Low-Cost Demonstration Board
¢ MPASM Assembler

¢ MPLAB™ SIM Software Simulator

¢ MPLAB-C17 (C Compiler)

¢ Fuzzy Logic Development System
(fuzzyTECH®-MP)

* KeeLoa® Evaluation Kits and Programmer

14.2 MPLAB-ICE: High Performance
Universal In-Circuit Emulator with
MPLAB IDE

The MPLAB-ICE Universal In-Circuit Emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for
PICmicro microcontrollers (MCUs). MPLAB-ICE is sup-
plied with the MPLAB Integrated Development Environ-
ment (IDE), which allows editing, “make” and
download, and source debugging from a single envi-
ronment.

Interchangeable processor modules allow the system
to be easily reconfigured for emulation of different pro-
cessors. The universal architecture of the MPLAB-ICE
allows expansion to support all new Microchip micro-
controllers.

The MPLAB-ICE 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 or
Windows 95 environment were chosen to best make
these features available to you, the end user.

MPLAB-ICE is available in two versions.
MPLAB-ICE 1000 is a basic, low-cost emulator system
with simple trace capabilities. It shares processor mod-
ules with the MPLAB-ICE 2000. This is a full-featured
emulator system with enhanced trace, trigger, and data
monitoring features. Both systems will operate across
the entire operating speed reange of the PICmicro
MCU.

14.3 ICEPIC: Low-Cost PICmicro
In-Circuit Emulator

ICEPIC is a low-cost in-circuit emulator solution for the
Microchip PIC12CXXX, PIC16C5X and PIC16CXXX
families of 8-bit OTP microcontrollers.

ICEPIC is designed to operate on PC-compatible
machines ranging from 386 through Pentium™ based
machines under Windows 3.x, Windows 95, or Win-
dows NT environment. ICEPIC features real time, non-
intrusive emulation.

14.4 PRO MATE lI: 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. PRO MATE Il is CE
compliant.

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 PIC12CXXX, PIC14C000, PIC16C5X,
PIC16CXXX and PIC17CXX devices. It can also set
configuration and code-protect bits in this mode.

14.5 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, PIC16C924 and PIC17C756 may be sup-
ported with an adapter socket. PICSTART Plus is CE
compliant.
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14.10 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

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.

14.11 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 MPLAB-

ICE, Microchip’s Universal Emulator System.

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 PICmicro. Directives are helpful in
making the development of your assemble source code
shorter and more maintainable.

14.12 Software Simulator (MPLAB-SIM)

The MPLAB-SIM Software Simulator allows code
development in a PC host environment. It allows the
user to simulate the PICmicro 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-C17 and MPASM. The Software Simulator
offers the low cost flexibility to develop and debug code
outside of the laboratory environment making it an
excellent multi-project software development tool.

14.13 MPLAB-C17 Compiler

The MPLAB-C17 Code Development System is a
complete ANSI ‘C’ compiler and integrated develop-
ment environment for Microchip’s PIC17CXXX 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.

14.14 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 fuzzyLAB™ demon-
stration board for hands-on experience with fuzzy logic
systems implementation.

14.15 SEEVAL® Evaluation and
Programming System

The SEEVAL SEEPROM Designer’s Kit supports all
Microchip 2-wire and 3-wire Serial EEPROMSs. 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 Endurance™ 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.
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15.2

DC Characteristics:PIC16LC77X-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 Coriditions
No. /Ol
D001 Supply Voltage VDD 2.5 — | 55 Vv :\.ﬂl;ﬂ,%o /a%n (DC - 4
D002* | RAM Data Retention VDR — 15 | — \
Voltage (Note 1) N \
D003 | VDD start voltage to VPOR — | Vss | — Vv eeWn owef-on Reset for
ensure internal Power-on N Ndatails
Reset signal N
D004* | VDD rise rate to ensure | SvDD — Vhﬁs\gzésection on Power-on Reset for
internal Power-on Reset ails. PWRT enabled
signal N\
D010 | Supply Current (Note 2) |ID L 20 @ mA | XT, RC osc configuration
Fosc = 4 MHz, VDD = 3.0V (Note 4)
DO10A Q —_ 2.5 | 48 pA | LP osc configuration
Fosc = 32 kHz, Vbp = 3.0V, WDT dis-
abled
D020 ower-down Surrent IPD — 0.9 5 pA | VDD = 3.0V, 0°C to +70°C
Dozoﬁ/ (Note 3) — | 09 | 5 | pA [VDD=3.0V,-40°C to +85°C
D021 AlwDT — 6 20 pA | VDD = 3.0V
D023* AIBOR TBD | 200 | — | pA [BOR enabled, VDD = 5.0V
D025* | Timer1 oscillator AlT1osc | — 15 3 pA | VDD = 3.0V
D026* | A/D Converter AlAD — | 300 | — pA | VDD = 5.5V, A/D on, not converting

*

Note 1:

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti-

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.

This is the limit to which VDD can be lowered without losing RAM data.

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:

OSC1 = external square wave, from rail to rail; all I/O pins tristated, pulled to VbD
MCLR = VDD; WDT enabled/disabled as specified.
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 or Vss.

mated by the formula Ir = VDD/2Rext (mA) with Rext in kOhm.
5: The A current is the additional current consumed when the peripheral is enabled. This current should be

added to the base (IPD or IDD) current.
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FIGURE 15-5: CLKOUT AND 1/O TIMING
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Note: Refer to Figure 15-3 for load conditions.

TABLE 15-6  CLKOUT AND I/O TIMII\(\%EQJ{ k)é

-

Parameter | Sym Characteristi \ \ Typt Max Units | Conditions
No. SN
10* [TosHzckL [08G1Tto CLRQUIN "\ \ \/ — 75 200 ns Note 1
11* [ TosH2ckH KOSCAT to COKOUTT )] — 75 200 ns Note 1
12* TckR CkKOQT rise ti}‘we \ — 35 100 ns Note 1
18°  |fekP~_ | CLKQUNfall timk / — 35 100 ns Note 1
14" [ TokbioV ™ CLKOYT 46 Port out valid — — |o5Tey+20] ns Note 1
15" | TjoVgekip | Portip valigtsefore CLKOUT 1 0.25TcY +25 | — — ns | Note1
16" [TdkHZlol_+Portjprfiold after CLKOUT T 0 — — ns Note 1
17* TogH2ioV | OSC1T (Q1 cycle) to — 50 150 ns
Port out valid
18* TosH2iol |0OSC17T (Q2 cycle) to PIC16C77X 100 — — ns
Port input invalid (/O in  [p1c16LC77X 200 — — ns
hold time)
19* TioV2osH | Port input valid to OSC17 (/O in setup time) 0 — — ns
20* TioR Port output rise time PIC16C77X — 10 25 ns
PIC16LC77X — — 60 ns
21* TioF Port output fall time PIC16C77X — 10 25 ns
PIC16LC77X — — 60 ns
2211 Tinp INT pin high or low time Tey — — ns
231t* Trbp RB7:RB4 change INT high or low time Tecy — — ns

*

These parameters are characterized but not tested.

1 Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance

only and are not tested.

1t 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 15-8: BANDGAP START-UP TIME

VBGAP / VBGAP = 1.2V

Enable Bandgap

<— TBGAP —»]

Bandgap stable

TABLE 15-8 BANDGAP START-UP TIME

Parameter Sym | Characteristic Min Typt Max , Uni COW
No.
36* TBGAP |Bandgap start-up time — 30 D us efimed\as tae tinfe between
the ihstgnt that the bandgap
h.

\ nabfed and the moment
t

e bandgap reference
v voltage is stable.

* These parameters are characterized but not teste
t Data in "Typ" column is at 5V, 25°C unless gtherwi s@ se paxameters are for design guidance only and are not
tested.
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17.2 K04-070 28-Lead Skinny Plastic Dual In-line (SP) — 300 mil

Note:  For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging

H
N

by [
d B
d H
d B
d B
i H
d B
D
d H
g B
d B
o E
d B
d b2
Ol ..
nd N =N
|tt— £ —temn] ‘ A1
-] [ i
\i C i
p Azj B1
eB B P
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
PCB Row Spacing 0.300 7.62
Number of Pins n 28 28
Pitch p 0.100 2.54
Lower Lead Width B 0.016 0.019 0.022 0.41 0.48 0.56
Upper Lead Width B1f 0.040 0.053 0.065 1.02 1.33 1.65
Shoulder Radius R 0.000 0.005 0.010 0.00 0.13 0.25
Lead Thickness c 0.008 0.010 0.012 0.20 0.25 0.30
Top to Seating Plane A 0.140 0.150 0.160 3.56 3.81 4.06
Top of Lead to Seating Plane Al 0.070 0.090 0.110 1.78 2.29 2.79
Base to Seating Plane A2 0.015 0.020 0.025 0.38 0.51 0.64
Tip to Seating Plane L 0.125 0.130 0.135 3.18 3.30 3.43
Package Length D¥ 1.345 1.365 1.385 34.16 34.67 35.18
Molded Package Width E* 0.280 0.288 0.295 711 7.30 7.49
Radius to Radius Width E1 0.270 0.283 0.295 6.86 7.18 7.49
Overall Row Spacing eB 0.320 0.350 0.380 8.13 8.89 9.65
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter.

T Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003”
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1.”

¥ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.”

© 1999-2013 Microchip Technology Inc. Advance Information DS30275B-page 177



PIC16C77X

Serial Clock, SCK ..
Serial Clock, SCL ...
Serial Data Address, SDA ... ....64
Serial Data In, SDI ....
Serial Data Out, SDO
Slave Select Synchronization .
Slave Select, SS .
SLEEP
SMP ....... .54
Software Simulator (MPLAB-SIM) ... ..147
SPBRG Register ...

Special Features of the CPU ..
Special Function Registers .
PIC16C73 ......
PIC16C73A .
PIC16C74 ...
PIC16C74A ....
PIC16C76 ...
PIC16C77 ...
Speed, Operating ...
SPI
Master Mode ..
Serial Clock ....
Serial Data In ...
Serial Data Out .
Serial Peripheral Interface (SPI)
Slave Select ...
SPI clock
SPI Mode
SPI Clock Edge Select, CKE ..
SPI Data Input Sample Phase Select, SMP ..
SPI Master/Slave ConnNection ..........cccceveeeeierireieenenenens

SPI Module
Master/Slave Connection ... ..58
Slave Mode ......ccccecvvveinennne .60

Slave Select Synchronization
Slave Synch Timnig .

Block Diagram (SPI Mode) ...
Enable (SSPIE Bit) ...
Flag (SSPIF Bit)
RA5/SS/AN4 Pin
RC3/SCK/SCL Pin
RC4/SDI/SDA Pin .
RC5/SDO Pin .

TMR2 Output for Clock Shift ..........ccceceeiriiiiinnns 45, 46

SSP I12C
SSP I2C Operation ...

SSP Module
SPI Master Mode
SPI Master./Slave Connection ....
SPI Slave Mode
SSPCONT1 Register ...
SSP Overflow Detect bit, SSPOV ...
SSPADD Register ...
SSPBUF .....ccoeun
SSPBUF Register .
SSPCON Register
SSPCONT ..
SSPCON2
SSPEN .
SSPIF
SSPM3:SSPMO ...
SSPOV
SSPSTAT ...
SSPSTAT Register ..
Stack ...........
Start bit (S) .
Start Condition Enabled bit, SAE .
STATUS Register
C Bit
DC Bit .
IRP Bit ...
PD Bit
RP1:RPO Bits
TO Bit
Z Bit ....
Stop bit (P) ..
Stop Condition Enable bit
Synchronous Serial Port ...
Synchronous Serial Port Enable bit, SSPEN ...
Synchronous Serial Port Mode Select bits,
SSPMBISSPMO ..ottt st 55

T

T1CON
T1CON Register ...
T1CKPS1:T1CKPSO Bits ..
T10SCEN Bit ..
T1SYNC Bit
TMR1CS Bit
TMR1ON Bit .
T2CON Register ...
T2CKPS1:T2CKPSO Bits ..
TMR20N Bit
TOUTPS3:TOUTPSO Bits ...
Timer0
Block Diagram .
Clock Source Edge Select (TOSE Bit) .
Clock Source Select (TOCS Bit) ...
Overflow Enable (TOIE Bit) .....
Overflow Flag (TOIF Bit)
Overflow Interrupt .............
RA4/TOCKI Pin, External Clock ..
Timerl oo
Block Diagram .
Capacitor Selection
Clock Source Select (TMR1CS Bit)
External Clock Input Sync (TISYNC Bit) ....
Module On/Off (TMR1ON Bit) ....
Oscillator .......ccocvevieericiiicicnnns
Oscillator Enable (T1OSCEN Bit)
Overflow Enable (TMR1IE Bit)
Overflow Flag (TMR1IF Bit)
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PIC16C77X PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

(blank otherwise)

PAR'I" NO. % 2(( /XTX XXX
Device Frequency Temperature Package Pattern
Range Range

Device PIC16C77X"), PIC16C77XT®);VDD range 4.0V to 5.5V
PIC16LC77X(1), PIC16LC77XT®;VDD range 2.5V to 5.5V

Frequency Range 04 =4 MHz
20 =20 MHz

Temperature Range b® = 0°Cto 70°C (Commercial)
| = -40°Cto +85°C (Industrial)

Package JW = Windowed CERDIP/Ceramic
PQ = MQFP (Metric PQFP)
PT = TQFP (Thin Quad Flatpack)
SO = SO0IC
SP = Skinny plastic dip
P = PDIP
L = PLCC
SS = SSOP
Pattern QTP, SQTP, Code or Special Requirements

Examples:

g) PIC16C774 -04/P 301 = Commercial temp.,
PDIP package, 4 MHz, normal VDD limits, QTP
pattern #301.

h) PIC16LC773 - 041/SO = Industrial temp., SOIC
package, 200 kHz, Extended VDD limits.

i) PIC16C774 - 20I/P = Industrial temp., PDIP
package, 20MHz, normal VDD limits.

Note1: C =CMOS
LC =Low Power CMOS
T = in tape and reel - SOIC, SSOP,
PLCC,
MQFP, TQFP packages only.
2: b = blank

* JW Devices are UV erasable and can be programmed to any device configuration. JW Devices meet the electrical requirement of

each oscillator type (including LC devices).

Sales and Support

Data Sheets

1. Your local Microchip sales office

New Customer Notification System

2. The Microchip Worldwide Site (www.microchip.com)

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom-
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

Register on our web site (www.microchip.com/cn) to receive the most current information on our products.
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