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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.
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PIC16C/71X

1.0 GENERAL DESCRIPTION

The PIC16C71X is a family of low-cost, high-perfor-
mance, CMOS, fully-static, 8-bit microcontrollers with
integrated analog-to-digital (A/D) converters, in the
PIC16CXX mid-range family.

All PIC16/17 microcontrollers employ an advanced
RISC architecture. The PIC16CXX microcontroller fam-
ily 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 register 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 PIC16C710/71 devices have 36 bytes of RAM, the
PIC16C711 has 68 bytes of RAM and the PIC16C715
has 128 bytes of RAM. Each device has 13 I/O pins. In
addition a timer/counter is available. Also a 4-channel
high-speed 8-bit A/D is provided. The 8-bit resolution is
ideally suited for applications requiring low-cost analog
interface, e.g. thermostat control, pressure sensing,
etc.

The PIC16C71X 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
resets.

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

A UV erasable CERDIP packaged version is ideal for
code development while the cost-effective One-Time-
Programmable (OTP) version is suitable for production
in any volume.

The PIC16C71X family fits perfectly in applications
ranging from security and remote sensors to appliance
control and automotive. The EPROM technology
makes customization of application programs (trans-
mitter codes, motor speeds, receiver frequencies, etc.)
extremely fast and convenient. The small footprint
packages make this microcontroller series perfect for
all applications with space limitations. Low cost, low
power, high performance, ease of use and I/0O flexibility
make the PIC16C71X very versatile even in areas
where no microcontroller use has been considered
before (e.g. timer functions, serial communication, cap-
ture 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

PIC16C71X devices are supported by the complete
line of Microchip Development tools.

Please refer to Section 10.0 for more details about
Microchip’s development tools.

0 1997 Microchip Technology Inc.
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TABLE 1-1:

Features

Memory

PIC16C71X FAMILY OF DEVICES
» b . P 9) - 6 () 0 ) o) » 6 R
Clock Maximum Frequency 20 20 20 20 20 20
of Operation (MHz)
EPROM Program Memory 512 1K 1K 2K 2K —
(x14 words)
ROM Program Memory — — — — — 2K
(14K words)
Data Memory (bytes) 36 36 68 128 128 128
Timer Module(s) TMRO TMRO TMRO TMRO TMRO, TMRO,
TMR1, TMR1,
TMR2 TMR2
. Capture/Compare/PWM — — — — 1 1
Peripherals Module(s)
Serial Port(s) — — — — SPI/I2C SPI/I2C
(SPI/1?C, USART)
Parallel Slave Port — — — — — —
A/D Converter (8-bit) Channels |4 4 4 4 5
Interrupt Sources 4 4 4 4
1/0 Pins 13 13 13 13 22 22
Voltage Range (Volts) 2.5-6.0 3.0-6.0 2.5-6.0 2555 2.5-6.0 3.0-5.5
In-Circuit Serial Programming |Yes Yes Yes Yes Yes Yes
Brown-out Reset Yes — Yes Yes Yes Yes
Packages 18-pin DIP, |18-pin DIP, |18-pin DIP, |18-pin DIP, [28-pin SDIP, |28-pin SDIP,
SOIC; SOIC SOIC; SOIC; SOIC, SSOP |SOIC, SSOP
20-pin SSOP 20-pin SSOP | 20-pin SSOP
PIC16C73A PIC16C74A PIC16C76 PIC16C77
Clock Maximum Frequency 20 20 20 20
of Operation (MHz)
EPROM Program Memory 4K 4K 8K 8K
(x14 words)
Data Memory (bytes) 192 192 376 376
Timer Module(s) TMRO, TMRO, TMRO, TMRO,
TMR1, TMR1, TMR1, TMR1,
TMR2 TMR2 TMR2 TMR2
Capture/Compare/PWM 2 2 2 2

Peripherals Module(s)

Serial Port(s)
(SPI/12C, USART)

SPI/I’C, USART

SPI/I°C, USART

SPI/I’C, USART

SPI/I?C, USART

Features

Parallel Slave Port — Yes — Yes

A/D Converter (8-bit) Channels|5 8 5 8

Interrupt Sources 11 12 11 12

I/O Pins 22 33 22 33

Voltage Range (Volts) 2.5-6.0 2.5-6.0 2.5-6.0 2.5-6.0

In-Circuit Serial Programming |Yes Yes Yes Yes

Brown-out Reset Yes Yes Yes Yes

Packages 28-pin SDIP, 40-pin DIP; 28-pin SDIP, 40-pin DIP;
SOIC 44-pin PLCC, SoIC 44-pin PLCC,

MQFP, TQFP MQFP, TQFP

All PIC16/17 Family devices have Power-on Reset, selectable Watchdog Timer, selectable code protect and high I/O current capabil-
ity. All PIC16C7XX Family devices use serial programming with clock pin RB6 and data pin RB7.
Note 1: Please contact your local Microchip sales office for availability of these devices.

DS30272A-page 4
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PIC16C/71X

2.0 PIC16C71X 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 PIC16C71X Product Iden-
tification 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 PIC16C71X family, there are two device “types”
as indicated in the device number:

1. C, as in PIC16C71. These devices have
EPROM type memory and operate over the
standard voltage range.

2. LC, as in PIC16LC71. These devices have
EPROM type memory and operate over an
extended voltage range.

2.1 UV Erasable Devices

The UV erasable version, offered in CERDIP package
is optimal for prototype development and pilot
programs. This version can be erased and
reprogrammed to any of the oscillator modes.

Microchip's PICSTARTY Plus and PRO MATE" Il
programmers both support programming of the
PIC16C71X.

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 1997 Microchip Technology Inc.
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TABLE 4-2: PIC16C715 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 POR, other resets
BOR, PER ?3)
Bank 1
80h(®) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 [ 0000 0000
81lh OPTION RBPU | INTEDG | TOCS | TOSE | PSA | PS2 | PS1 | PSO 1111 1111|1111 1111
82h(1) PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
83n)  [sTATUS IRP(®) | RP14) | RPO | TO | PD | z | DC c 0001 1xxx | 000q quuu
84h(1) 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 — Unimplemented — —
88h — Unimplemented — —
89h — Unimplemented — —
8Ah(1:2) | PCLATH — — — Write Buffer for the upper 5 bits of the PC ---0 0000 [---0 0000
8Bh(M) INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x [ 0000 000u
8Ch PIE1 — ADIE — — — — — — -0-- ----1-0-- ----
8Dh — Unimplemented — —
8Eh PCON MPEEN | — | — | — | — | PER | POR BOR u--- -1qq |u--- -1luu
8Fh — Unimplemented — —
90h — Unimplemented — —
91h — Unimplemented — —
92h — Unimplemented — —
93h — Unimplemented — —
94h — Unimplemented — —
95h — Unimplemented — —
96h — Unimplemented — —
97h — Unimplemented — —
98h — Unimplemented — —
99%h — Unimplemented — —
9Ah — Unimplemented — —
9Bh — Unimplemented — —
9Ch — Unimplemented — —
9Dh — Unimplemented — —
9Eh — Unimplemented — —
9Fh ADCON1 — | — | — | — | — | — | PCFG1 | PCFGO |---- -- 00 |---- --00
Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented read as '0".
Shaded locations are unimplemented, read as ‘0'.

Note 1: These registers can be addressed from either bank.

2: 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.
3: Other (non power-up) resets include external reset through MCLR and Watchdog Timer Reset.
4: The IRP and RP1 bits are reserved on the PIC16C715, always maintain these bits clear.

DS30272A-page 16
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PIC16C71X

5.2 PORTB and TRISB Reqisters

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

BCF STATUS, RPO ;

CLRF  PORTB ; Initialize PORTB by
; clearing output
; data latches

BSF STATUS, RPO ; Select Bank 1

MOVLW  OxCF ; Value used to
; initialize data
; direction
MOWWF  TRI 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 dis-
abled on a Power-on Reset.

FIGURE 5-3: BLOCK DIAGRAM OF

RB3:RBO PINS
VDD
RBPU® Erweak
— pHE
Data bus Data Latch
D 0 —
WR Port 110
CK™Y pin@®
TRIS Latch
D
Q TTL 7
Input
WRTRIS CK™ Buffer
pd
RD TRIS
ﬁ Q D
RD Port EN K
RBO/INT <|I
Schmitt Trigger | RD Port
Buffer
Note 1: 1/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).

Note:  For the PIC16C71
if a change on the I/O pin should occur
when the read operation is being executed
(start of the Q2 cycle), then interrupt flag bit
RBIF may not get set.

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

0 1997 Microchip Technology Inc.
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6.3 Prescaler

An 8-hit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer, respectively (Figure 6-6). 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 Timer0O 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.

FIGURE 6-6:

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

Note:  Writing to TMRO when the prescaler is
assigned to Timer0 will clear the prescaler
count, but will not change the prescaler

assignment.

BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER

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

CLKOUT (=Fosc/4) Data Bus
\ 8
o| M /I/
RA4/TOCKI g M SYNG
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
]
Watchdog 1] X 8
Timer
T 8 -t0 - IMUX —— PS2:PS0O
T PSA
| o |
WDT Enable bit
MUX |«—— PSA
WDT
Time-out

DS30272A-page 34
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6.3.1 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 6-1) must be executed when
changing the prescaler assignment from
Timer0 to the WDT. This sequence must be
followed even if the WDT is disabled.

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

BCF STATUS, RPO ;Bank O

CLRF  TMRO ;Qear TMO & Prescal er

BSF STATUS, RPO ;Bank 1

CLRWDT ; Clears WOT

MOVLW b' xxxx1xxx' ; Sel ects new prescal e val ue

MOWWF  OPTION_REG ; and assigns the prescaler to the WT

BCF STATUS, RPO ;Bank O

To change prescaler from the WDT to the Timer0
module use the sequence shown in Example 6-2.

EXAMPLE 6-2: CHANGING PRESCALER (WDT - TIMERO)

CLRVWDT ; Gl ear WDT and prescal er

BSF STATUS, RPO ;Bank 1

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

MOVWF OPTI ON_REG ; cl ock source
BCF STATUS, RPO ; Bank O

TABLE 6-1: 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 POR,
other resets

BOR
01lh TMRO Timer0 module’s register XXXX XXXX | uuuu uuuu
0Bh,8Bh, INTCON | GIE ADIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
81lh OPTION | RBPU | INTEDG | TOCS TOSE PSA pPs2 PS1 PSO (1111 1111 | 1111 1111
85h TRISA — — — PORTA Data Direction Register ---1 1111 ---1 1111

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

0 1997 Microchip Technology Inc.
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8.4 Power-on Reset (POR), Power-up
Timer (PWRT) and Oscillator Start-up
Timer (OST). and Brown-out Reset

(BOR)
8.4.1 POWER-ON RESET (POR)

|Applicable Devices [710[71[711[715|

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 eliminate
external RC components usually needed to create a
Power-on Reset. A maximum rise time for VDD is spec-
ified. 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. Brown-out Reset may be used to meet the startup
conditions.

For additional information, refer to Application Note
ANG607, "Power-up Trouble Shooting."

8.4.2 POWER-UP TIMER (PWRT)

|Applicable Devices [710[71[711[715|

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 acceptable
level. A configuration bit is provided to enable/disable
the PWRT.

FIGURE 8-10: BROWN-OUT SITUATIONS

The power-up time delay will vary from chip to chip due
to VDD, temperature, and process variation. See DC
parameters for details.

8.4.3  OSCILLATOR START-UP TIMER (OST)

|Applicable Devices [710[71[711[715|

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
SLEEPR.

8.4.4 BROWN-OUT RESET (BOR)

|Applicable Devices [710[71[711[715|

A configuration bit, BODEN, can disable (if clear/pro-
grammed) or enable (if set) the Brown-out Reset cir-
cuitry. If VoD falls below 4.0V (3.8V - 4.2V range) for
greater than parameter #35, the brown-out situation will
reset the chip. A reset may not occur if VDD falls below
4.0V for less than parameter #35. The chip will remain
in Brown-out Reset until VDD rises above BVDD. The
Power-up Timer will now be invoked and will keep the
chip in RESET an additional 72 ms. If VDD drops below
BVDD while the Power-up Timer is running, the chip will
go back into a Brown-out Reset and the Power-up
Timer will be initialized. Once VDD rises above BVDD,
the Power-up Timer will execute a 72 ms time delay.
The Power-up Timer should always be enabled when
Brown-out Reset is enabled. Figure 8-10 shows typical
brown-out situations.

Internal

Reset

Internal

VDD
_____________W _____________ BVDD
|

| <2mse——1

Reset

VDD j

72 ms

Internal |

Reset
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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.

10.11 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.

10.12 C Compiler (MPLAB-C)

The MPLAB-C Code Development System is a
complete ‘C’ compiler and integrated development
environment for Microchip’s PIC16/17 family of micro-
controllers. The compiler provides powerful integration
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.

10.13 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.

10.14 MP-DriveWay[1 — 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.

10.15 SEEVALY 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 Serialsd 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.

10.16 KeeLoog" 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.

00 1997 Microchip Technology Inc.
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DEVELOPMENT TOOLS FROM MICROCHIP

TABLE 10-1:
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FIGURE 11-6: TIMERO EXTERNAL CLOCK TIMINGS

RA4/TOCKI /

41

40

TMRO

Note: Refer to Figure 11-1 for load conditions.

TABLE 11-5: TIMERO EXTERNAL CLOCK REQUIREMENTS
Param Sym [Characteristic Min Typt| Max | Units|Conditions
No.
40 TtOH |TOCKI High Pulse Width No Prescaler 0.5Tcy + 20* — | — | ns [Mustalso meet
With Prescaler 10* — — ns |Parameter 42
41 TtOL | TOCKI Low Pulse Width No Prescaler 0.5Tcy + 20* — | = NS | Must also meet
With Prescaler 10* — | — | ns |parameter 42
42 TtOP | TOCKI Period Greater of: — — ns |N = prescale value
20 ns or_Tcy + 40* (2, 4,..., 256)
N
48 Tcke2tmrl | Delay from external clock edge to timer increment 2Tosc — |7Tosc| —

*  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.
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FIGURE 13-4: RESET,WATCHDOG TIMER, OSCILLATOR START-UP TIMER, AND POWER-UP
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FIGURE 13-5: BROWN-OUT RESETTI<M{\NG\

VDD

-— 35 —»

TABLE 13-4: RESET
O N> T

TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER,
ESET REQUIREMENTS

Parameter yl</ terist Min Typt Max | Units Conditions
No.
30 \'(mé\ MCL R Pulse Width (low) — — pus | VoD =5V, -40°C to +125°C
3 dt \Wchdog Timer Time-out Period 18 33 ms | VDD =5V, -40°C to +125°C
(No Prescaler)
32 Tost | Oscillation Start-up Timer Period — 1024Tosc — — | Tosc = OSC1 period
33* }pwrt Power up Timer Period 28 72 132 ms | VDD =5V, -40°C to +125°C
34 Tioz | 1/O Hi-impedance from MCLR Low — — 2.1 us
or Watchdog Timer Reset
35 TBOR | Brown-out Reset pulse width 100 — — us | VDD < BvDD (D005)
36 TPER | Parity Error Reset — TBD — 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.
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14.0 DC AND AC CHARACTERISTICS GRAPHS AND TABLES FOR PIC16C715

The graphs and tables provided in this section are for design guidance and are not tested or guaranteed.

In some graphs or tables the data presented are outside specified operating range (i.e., outside specified Vbb
range). This is for information only and devices are guaranteed to operate properly only within the specified
range.

Note: The data presented in this section is a statistical summary of data collected on units from diffefent lots over

a period of time and matrix samples. 'Typical' represents the mean of the distribution at, 25°C, \while ‘'max’
or 'min’ represents (mean +30) and (mean -30) respectively where o is standard deviajion.
FIGURE 14-1: TYPICAL IpD vs. VDD (WDT DISABLED, RC MODE) \
35

)

) L
m Q

z A~
ray V
o
. Wi
10 AN
QK Shaded area is beyond
5 — | \/ recommended range.
0
2.5 0 35 4.0 4.5 5.0 55 6.0
VDD(Volts)
FIGURE 14-2: MAXlMJJM:/u@. %Q (W6T DISABLED, RC MODE)
10.000
85°C
70°C
25°C
——0°C
L — L —— 1 [ ——-40°C
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recommended range.
0.001
25 3.0 35 4.0 4.5 5.0 5.5 6.0
VDD(Volts)
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FIGURE 14-25: TYPICAL IpD vs. FREQUENCY FIGURE 14-27: TYPICAL IpD vs. FREQUENCY
(LP MODE, 25°C) (XT MODE, 25°C)
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15.2 DC Characteristics:  PIC16LC71-04 (Commercial, Industrial)
Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS OOperating temperature 0°C < TA £ +70°C (commercial)
-40°C < TA < +85°C (industrial)
Param Characteristic Sym | Min | Typt | Max | Units Conditions
No.
D001 Supply Voltage VDD 3.0 - 6.0 V | XT, RC, and LP osc configuration
D002* |RAM Data Retention VDR - 1.5 - \%
Voltage (Note 1)
D003 VDD start voltage to VPOR - Vss - V | See section on Power-on Reset for details
ensure internal Power-on
Reset signal
D004* | VDD rise rate to ensure Svbp | 0.05 - - | VIms | See section on Power-on Reset for details
internal Power-on Reset
signal
D010 Supply Current (Note 2) | IbD - 1.4 | 25 | mA |XT, RC osc configuration
Fosc =4 MHz, VDD = 3.0V (Note 4)
DO10A - 15 | 32 MA | LP osc configuration
Fosc = 32 kHz, Vbp = 3.0V, WDT disabled
D020 Power-down Current IPD - 5 20 MA | VDD = 3.0V, WDT enabled, -40°C to +85°C
D021 (Note 3) - 0.6 9 pMA | VDD = 3.0V, WDT disabled, 0°C to +70°C
DO021A - 06 | 12 MA | VDD = 3.0V, WDT disabled, -40°C to +85°C

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

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as /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:
OSC1 = external square wave, from rail to rail; all I/O pins tristated, pulled to VDD
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 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.
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16.0 DC AND AC
CHARACTERISTICS GRAPHS
AND TABLES FOR PIC16C71

The graphs and tables provided in this section are for
design guidance and are not tested or guaranteed. In
some graphs or tables the data presented are out-
side specified operating range (e.g. outside speci-
fied VbD range). This is for information only and
devices are guaranteed to operate properly only
within the specified range.

|Applicable Devices |710[71[711|715]

FIGURE 16-2: TYPICAL RC OSCILLATOR

FREQUENCY vs.VDD

Note:  The data presented in this section is a sta-
tistical summary of data collected on units
from different lots over a period of time and
matrix samples. "Typical' represents the
mean of the distribution while 'max’ or 'min’
represents (mean + 30) and (mean - 30)

respectively where o is standard deviation.

FIGURE 16-1: TYPICAL RC OSCILLATOR

FREQUENCY vs.
TEMPERATURE
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FIGURE 16-3: TYPICAL RC OSCILLATOR

FREQUENCY vs. VDD
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FIGURE 16-17: TRANSCONDUCTANCE (gm) FIGURE 16-19: IoH vSs.VOH, VDD = 3V
OF LP OSCILLATOR vs.VDD
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APPENDIX A:

The following are the list of modifications over the

PIC16C5X microcontroller family:

1.

©

10.

11.

12.

13.
14.
15.

16.

17.

18.

Instruction word length is increased to 14-bits.
This allows larger page sizes both in program
memory (1K now as opposed to 512 before) and
register file (68 bytes now versus 32 bytes
before).

A PC high latch register (PCLATH) is added to
handle program memory paging. Bits PA2, PAL,
PAO are removed from STATUS register.

Data memory paging is redefined slightly.
STATUS register is modified.

Four new instructions have been added:
RETURN, RETFI E, ADDLWand SUBLW

Two instructions TR'S and CPTI ON 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 serial programming” is made possible.
The user can program PIC16CXX devices using
only five pins: Vpbp, 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.

Brown-out protection circuitry has been added.
Controlled by configuration word bit BODEN.
Brown-out reset ensures the device is placed in
a reset condition if VbD dips below a fixed set-
point.

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. Revisit 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.
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