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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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PIC16C/71X

4.2 Data Memory Organization FIGURE 4-4: PIC16C710/71 REGISTERFILE
The data memory is partitioned into two Banks which MAP
contain the General Purpose Registers and the Special
Function Registers. Bit RPO is the bank select bit. File File
RPO (STATUS<5>) = 1  Bank 1 Address Address
RPO (STATUS<5>) = 0 _ Bank 0 ooh| INDF® INDF®)_ | 80h
Each Bank extends up to 7Fh (128 bytes). The lower 01h TMRO OPTION 81h
locations of each Bank are reserved for the Special 02h PCL PCL 82h
Function Registers. Above the Special Function Regis- 03h| STATUS STATUS 83h
ters are General Purpose Registers implemented as 04h FSR FSR 84h
static RAM. Both Bank 0 and Bank 1 contain special 05h PORTA TRISA 85h
function registers. Some "high use" special function 06h PORTB TRISB 86h
registers from Bank O are mirrored in Bank 1 for code 07h PCON® 87h
reduction and quicker access. 08h | ADCONO ADCONL 88h
421 GENERAL PURPOSE REGISTER FILE 0%9h ADRES ADRES 89h
Th ister i b d either directl il OAh | PCLATH PCLATH 8Ah
e register file can be accessed either directly, or indi-
rectly through the File Select Register FSR OBE INTCON INTCON SBE
(Section 4.5). oc General 8C
Purpose
General Register
Purpose
Register Mapped
in Bank 0®)
2Fh AFh
30h BOh

7Fh FFh
Bank 0 Bank 1

I:I Unimplemented data memory locations, read
as'0".
Note 1: Not a physical register.

2: The PCON register is not implemented on the
PIC16C71.

3: These locations are unimplemented in Bank 1.
Any access to these locations will access the
corresponding Bank O register.

DS30272A-page 12 0 1997 Microchip Technology Inc.
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Example 4-1 shows the calling of a subroutine in
page 1 of the program memory. This example assumes
that PCLATH is saved and restored by the interrupt ser-
vice routine (if interrupts are used).

4.5 Indirect Addressing. INDF and FSR
Registers

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

EXAMPLE 4-1: CALL OF A SUBROUTINE IN Indirect addressing is possible by using the INDF reg-
PAGE 1 FROM PAGE 0 ister. Any instruction using the INDF register actually
ORG 0x500 accesses the register pointed to by the File Select Reg-
BSF PCLATH, 3 : Sel ect page 1 (800h- FFFh) ister, FSR. Reading the INDF register itself indirectly
BCF PCLATH, 4 ;Only on >4K devi ces (FSR ='0") will read 00h. Writing to the INDF register
CALL SUB1_P1 ;Call subroutine in indirectly results in a no-operation (although status bits
: ; page 1 (800h- FFFh) may be affected). An effective 9-bit address is obtained
by concatenating the 8-bit FSR register and the IRP bit
: (STATUS<7>), as shown in Figure 4-15. However, IRP
CRG 0x900 ) is not used in the PIC16C71X devices.
SUB1_P1: ;call ed subroutine
. :page 1 (800h- FFFh) A simple program to clear RAM locations 20h-2Fh
: using indirect addressing is shown in Example 4-2.
RETURN ;return to Call subroutine
;in page 0 (000h-7FFh) EXAMPLE 4-2: INDIRECT ADDRESSING
movl w  0x20 ;initialize pointer
movwf  FSR ;to RAM
NEXT clrf | NDF ;clear | NDF register
i ncf FSR, F ;inc pointer
btfss FSR 4 ;all done?
goto NEXT ;no cl ear next
CONTI NUE
: ;yes continue
FIGURE 4-15: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1:RPO 6 from opcode 0 ﬁl) 7 FSR register 0
. J N A J

bank select location select

V \4
bank select location select

For register file map detail see Figure 4-4.
Note 1:

\ > 00 01 10 11 </
00h 80h 100h 180h
Not
Data Used
Memory
7Fh FFh 17Fh 1FFh
Bank O Bank1l Bank2 Bank 3

The RP1 and IRP bits are reserved, always maintain these bits clear.

DS30272A-page 24
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7.2 Selecting the A/D Conversion Clock

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

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

(TAD) must be selected to ensure a minimum TAD time
of:

2.0 ps for the PIC16C71
1.6 ps for all other PIC16C71X devices

Table 7-1 and Table 7-2 and show the resultant TAD
times derived from the device operating frequencies
and the A/D clock source selected.

7.3

Configuring Analog Port Pins

The ADCONL1 and TRISA registers control the opera-
tion of the A/D port pins. The port pins that are desired
as analog inputs must have their corresponding TRIS
bits set (input). If the TRIS bit is cleared (output), the
digital output level (VoH or VoL) will be converted.

The A/D operation is independent of the state of the

CHS2:CHSO bits and the TRIS bits.

Note 1: When reading the port register, all pins
configured as analog input channels will
read as cleared (a low level). Pins config-
ured as digital inputs, will convert an ana-
log input. Analog levels on a digitally
configured input will not affect the conver-
sion accuracy.

Note 2: Analog levels on any pin that is defined as
a digital input (including the AN7:ANO
pins), may cause the input buffer to con-
sume current that is out of the devices
specification.

TABLE 7-1: TAD vs. DEVICE OPERATING FREQUENCIES, PIC16C71
AD Clock Source (TAD) Device Frequency
Operation ADCS1.ADCSO 20 MHz 16 MHz 4 MHz 1 MHz 333.33 kHz
2Tosc 00 100 ns® 125 ns(@ 500 ns(@ 2.0 us 6 us
8Tosc 01 400 ns®@ 500 ns(@ 2.0 s 8.0 us 24 us®
32Tosc 10 1.6 us@ 2.0 us 8.0 us 32.0 us® 96 us®
Rc® 1 2-6ps@®9 2-6psdA 2-6pus@®9 2-6pus® 2-6ps®

Legend: Shaded cells are outside of recommended range.

Note 1:
2:

The RC source has a typical TAD time of 4 ps.
These values violate the minimum required TAD time.

3: For faster conversion times, the selection of another clock source is recommended.
4: When device frequency is greater than 1 MHz, the RC A/D conversion clock source is recommended for

sleep operation only.

5. For extended voltage devices (LC), please refer to Electrical Specifications section.

TABLE 7-2: TAD vs. DEVICE OPERATING FREQUENCIES, PIC16C710/711, PIC16C715

AD Clock Source (TAD) Device Frequency
Operation ADCS1:ADCSO 20 MHz 5 MHz 1.25 MHz 333.33 kHz
2Tosc 00 100 ns® 400 ns@ 1.6 us 6 us
8Tosc 01 400 ns®@ 1.6 us 6.4 us 24 us®
32Tosc 10 1.6 ps 6.4 us 25.6 us® 96 ps®
RC®) 11 2-6 psttY 2-6 psttd 2-6psttd 2-6psd)
Legend: Shaded cells are outside of recommended range.

Note 1:

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

2: These values violate the minimum required TAD time.
3: For faster conversion times, the selection of another clock source is recommended.
4: When device frequency is greater than 1 MHz, the RC A/D conversion clock source is recommended for

sleep operation only.
5. For extended voltage devices (LC), please refer to Electrical Specifications section.

0 1997 Microchip Technology Inc.
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8.0 SPECIAL FEATURES OF THE
CPU

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

What sets a microcontroller apart from other proces-
sors are special circuits to deal with the needs of real-
time applications. The PIC16CXX family has a host of
such features intended to maximize system reliability,
minimize cost through elimination of external compo-
nents, provide power saving operating modes and offer
code protection. These are:

 Oscillator selection
* Reset
- Power-on Reset (POR)
- Power-up Timer (PWRT)
- Oscillator Start-up Timer (OST)

- Brown-out Reset (BOR)
(PIC16C710/711/715)

- Parity Error Reset (PER) (PIC16C715)
* Interrupts
« Watchdog Timer (WDT)
e SLEEP
» Code protection
* ID locations
* In-circuit serial programming
The PIC16CXX has a Watchdog Timer which can be
shut off only through configuration bits. It runs off its
own RC oscillator for added reliability. There are two
timers that offer necessary delays on power-up. One is
the Oscillator Start-up Timer (OST), intended to keep

the chip in reset until the crystal oscillator is stable. The
other is the Power-up Timer (PWRT), which provides a

fixed delay of 72 ms (nominal) on power-up only,
designed to keep the part in reset while the power sup-
ply stabilizes. With these two timers on-chip, most
applications need no external reset circuitry.

SLEEP mode is designed to offer a very low current
power-down mode. The user can wake-up from SLEEP
through external reset, Watchdog Timer Wake-up, or
through an interrupt. Several oscillator options are also
made available to allow the part to fit the application.
The RC oscillator option saves system cost while the
LP crystal option saves power. A set of configuration
bits are used to select various options.

8.1 Configuration Bits

The configuration bits can be programmed (read as '0")
or left unprogrammed (read as 'l") to select various
device configurations. These bits are mapped in pro-
gram memory location 2007h.

The user will note that address 2007h is beyond the
user program memory space. In fact, it belongs to the
special test/configuration memory space (2000h -
3FFFh), which can be accessed only during program-
ming.

FIGURE 8-1: CONFIGURATION WORD FOR PIC16C71

| = | =] =] =1]=1]-=1]-=1—=1 = | cro[pwrte|wpTE|FOsci|Fosco| |Register: CONFIG

bit13
bit 13-5: Unimplemented: Read as '1'

bit 4: CPO0: Code protection bit
1 = Code protection off

bit 3: PWRTE: Power-up Timer Enable bit
1 = Power-up Timer enabled
0 = Power-up Timer disabled

bit 2: WDTE: Watchdog Timer Enable bit
1=WDT enabled
0 =WDT disabled

bit 1-0: FOSCL1:FOSCO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

0 = All memory is code protected, but 00h - 3Fh is writable

pito | Address 2007h

0 1997 Microchip Technology Inc.
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8.2 Oscillator Configurations

8.2.1 OSCILLATOR TYPES

The PIC16CXX can be operated in four different oscil-
lator modes. The user can program two configuration
bits (FOSC1 and FOSCO) to select one of these four
modes:

« LP Low Power Crystal

e XT Crystal/Resonator

e HS High Speed Crystal/Resonator

* RC Resistor/Capacitor

8.2.2 CRYSTAL OSCILLATOR/CERAMIC

RESONATORS

In XT, LP or HS modes a crystal or ceramic resonator
is connected to the OSC1/CLKIN and OSC2/CLKOUT
pins to establish oscillation (Figure 8-4). The
PIC16CXX Oscillator design requires the use of a par-
allel cut crystal. Use of a series cut crystal may give a
frequency out of the crystal manufacturers specifica-
tions. When in XT, LP or HS modes, the device can
have an external clock source to drive the OSC1/
CLKIN pin (Figure 8-5).

FIGURE 8-4: CRYSTAL/CERAMIC
RESONATOR OPERATION
(HS, XT OR LP
OSC CONFIGURATION)

| 0sC1
s
c1 l
[ XTAL < SLEEP
-;-RF PICL6CXXX
= 0sc2
RS ) To internal
logic
c2 Notel

See Table 8-1 and Table 8-1 for recommended values of
Cland C2.

Note 1: A series resistor may be required for AT strip
cut crystals.
2: The buffer is on the OSC2 pin.

FIGURE 8-5: EXTERNAL CLOCK INPUT

OPERATION (HS, XT OR LP
OSC CONFIGURATION)

Clock from ~|>o—> osc1
ext. system PIC16CXXX

Open -«—— 0OSC2

TABLE 8-1: CERAMIC RESONATORS,
PIC16C71
Ranges Tested:
Mode Freq OscC1 0osc2

XT 455 kHz 47 - 100 pF |47 - 100 pF
2.0 MHz 15-68 pF |[15-68pF
4.0 MHz 15-68 pF |15- 68 pF

HS 8.0 MHz 15-68 pF |15 - 68 pF
16.0 MHz 10 - 47 pF |10 - 47 pF

These values are for design guidance only. See

notes at bottom of page.

Resonators Used:

455 kHz | Panasonic EFO-A455K04B | + 0.3%
2.0 MHz |Murata Erie CSA2.00MG |+ 0.5%
4.0 MHz |Murata Erie CSA4.00MG |+ 0.5%
8.0 MHz | Murata Erie CSA8.00MT + 0.5%
16.0 MHz | Murata Erie CSA16.00MX |+ 0.5%

All resonators used did not have built-in capacitors.

TABLE 8-2: CAPACITOR SELECTION
FOR CRYSTAL OSCILLATOR,
PIC16C71
Mode Freq 0OsC1 OSC2
LP 32 kHz 33 -68 pF 33 -68 pF
200 kHz 15 - 47 pF 15 - 47 pF
XT 100 kHz 47 - 100 pF 47 - 100 pF
500 kHz 20 - 68 pF 20 - 68 pF
1 MHz 15 - 68 pF 15 - 68 pF
2 MHz 15 - 47 pF 15-47 pF
4 MHz 15 - 33 pF 15 - 33 pF
HS 8 MHz 15-47 pF 15-47 pF
20 MHz 15 - 47 pF 15 - 47 pF
These values are for design guidance only. See
notes at bottom of page.

0 1997 Microchip Technology Inc.
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GOTO Unconditional Branch

Syntax: [ label] GOTO k

Operands: 0 <k<2047

Operation: k - PC<10:0>
PCLATH<4:3> - PC<12:11>

Status Affected:  None

Encoding: | 10 | 1kkk | kkkk | kkkk |

Description: GOTOis an unconditional branch. The
eleven bit immediate value is loaded
into PC bits <10:0>. The upper bits of
PC are loaded from PCLATH<4:3>.
GOTOis a two cycle instruction.

Words: 1

Cycles: 2

Q Cycle Activity: Q1 Q2 Q3 Q4

1st Cycle | Decode Read Process | Write to
literal 'k’ data PC
2nd Cycle NOP NOP NOP NOP
Example GOTO THERE

After Instruction

PC = Address THERE

INCF Increment f
Syntax: [ label]l INCF fd
Operands: 0<f<127
d 0J[0,1]
Operation: (f)+1 - (dest)
Status Affected: Z
Encoding: | 00 | 1010 | dfff | fFEFf |
Description: The contents of register 'f' are incre-
mented. If 'd" is O the result is placed
in the W register. If 'd" is 1 the result is
placed back in register 'f'.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process | Write to
register data dest
Example I NCF CNT, 1
Before Instruction
CNT = OxFF
4 = 0
After Instruction
CNT = 0x00
Zz = 1

DS30272A-page 76
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|Applicable Devices [710]71|711[715]

11.4 Timing Parameter Symbology

The timing parameter symbols have been created following one of the following formats:

1. TppS2ppS
2.TppS
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pp
cc CCP1 0osc 0OSC1
ck CLKOUT rd RD
cs [ rw RD or WR
di SDI sc SCK
do SDO ss SS
dt Datain t0 TOCKI
io 1/0 port t1 T1CKI
mc MCLR wr WR
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
| Invalid (Hi-impedance) \% Valid
L Low z Hi-impedance
FIGURE 11-1: LOAD CONDITIONS
Load condition 1 Load condition 2
\VDD/2
RL

Pin —| Pin
v 3

Vss Vss

CL

RL = 464Q
CL = 50pF for all pins except OSC2
15 pF for OSC2 output
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|Applicable Devices [710]71|711[715]

FIGURE 11-3: CLKOUT AND I/O TIMING

Q4 Z Q1 Z Q2 Z Q3 Z
osc1 e :. 4 l
K s e :
CLKOUT L \k Lo l 7/ :
Ve NG :
" 12: !
L —»i<16 :
1/0 Pin
(input)
/O Pin : K/ - - -
(output) old value : X : : new value :
Z — - Z Z Z
' 20,21 '
Note: Refer to Figure 11-1 for load conditions.
TABLE 11-3: CLKOUT AND I/OTIMING REQUIREMENTS
Parameter | Sym Characteristic Min Typt Max Units | Conditions
No.
10* TosH2ckL | OSC1t to CLKOUT! — 15 30 ns Note 1
11* TosH2ckH | OSC1t to CLKOUT?t — 15 30 ns Note 1
12* TckR CLKOUT rise time — 5 15 ns Note 1
13* TckF CLKOUT fall time — 5 15 ns Note 1
14* TckL2ioV | CLKOUT ! to Port out valid — — | 0.5Tcy+20| ns Note 1
15* TioV2ckH | Port in valid before CLKOUT 1t 0.25Tcy +25 | — — ns Note 1
16* TckH2iol | Port in hold after CLKOUT 1t 0 — — ns Note 1
17* TosH2ioV | OSC11t (Q1 cycle) to — — 80 - 100 ns
Port out valid
18* TosH2iol | OSC11t (Q2 cycle) to TBD — — ns
Port input invalid (/0 in hold time)
19* TioV2osH | Port input valid to OSC11t (I/O in setup time) TBD — — ns
20* TioR Port output rise time PIC16C710/711 — 10 25 ns
PIC16LC710/711 — — 60 ns
21* TioF Port output fall time PIC16C710/711 — 10 25 ns
PIC16LC710/711 — — 60 ns
221t* Tinp INT pin high or low time 20 — — ns
23tt* Trbp RB7:RB4 change INT high or low time 20 — — ns

*  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.
T 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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|Applicable Devices [710]71|711[715]

FIGURE 12-29: TYPICAL IpD vs. FREQUENCY

(HS MODE, 25°C)

7.0
6.0
5.0 /
4.0 P
E L] 1 LA
a L1 | L
a 3.0
- | LT T |
/
20 | 6.0v. ///// |~
| ssv 11|
5.0V 4]
1.0l 45w
| 4.0V
0.0 ‘
1 2 4 6 8 10 12 14 16 18 20
Frequency(MHz)

FIGURE 12-30: MAXIMUM IDD vs.

FREQUENCY
(HS MODE, -40°C TO 85°C)
7.0
6.0
5.0
L
~ 40 =
z A
30 1
[aCH
= [ //
L1 L1+
2.0} 6.0V = =
[ | ssv T
5.0V | ——
1.0+ 45—
| | 40V
0.0 ‘
12 4 6 8 10 12 14 16 18 20

Frequency(MHz)
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|Applicable Devices [710]71|711[715]

FIGURE 13-4: RESET,WATCHDOG TIMER, OSCILLATOR START-UP TIMER, AND POWER-UP

VDD

MCLR

Internal
POR

PWRT
Timeout

0OsC
Timeout

Internal
RESET

Parity
Error
Reset

Watchdog
Timer
RESET

1/0 Pins

TIMER TIMING
, &
X »
Z I
e (T
' ~— 30—
| ¢ N
e ss
32 . Q\
—-— «
! P
« C /\s
27 w
\‘X\\/ :

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

FIGURE 14-3: TYPICAL IpD vs. VDD @ 25°C
(WDT ENABLED, RC MODE)

25

20

15

IPD(HA)

10

5 /

/

0
25

30 35 40 45
VDD(Volts)

Shaded area is beyond recommended range.

5.0 55 6.0

FIGURE 14-4: MAXIMUM IpD vs. VDD (WDT
ENABLED, RC MODE)

FIGURE 14-5: TYPICAL RC OSCILLATOR
FREQUENCY vs. VDD

Cext =22 pF, T =25°C

6.0
5.5
5.0

45 =5k

4.0 — e

25 \
~\

3.0

Fosc(MHz)

25 E—

\
2.0 L -
15
1.0

R = 100k
05 1
\

0.0
25 3.0 M 50 55 60

Its)

§'> V/DD(
Shaded@'gbeyo reggmmended range.

35
_4(7
30 6
25
< 20
=
2 o,
s
0 85°C
5 —
0
25 30 35 48 /4 0 5%/ 60

VDR(Volt

FI *Q: MAL RC OSCILLATOR
EQUENCY vs. VDD

1z

Shaded area is beMmen rarge,

Cext =100 pF, T = 25°C
2.4 ‘
2.

T
0 R=3.3k |
—
~_|
1.8
v 16
N I — R =5k
s 1.4
~ \
S 12
(o]
L 1.0
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FIGURE 14-12: TYPICAL Ipp vs. FREQUENCY (RC MODE @ 22 pF, 25°C)
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FIGURE 14-13: MAXIMUM IDD vs. FREQUEW(R&VLB&E}@)ZZ pF, -40°C TO 85°C)

2000 X B
1800 5.5V
1600 5.0v
4.5V
1400 L 4.0V
=< 1200
3 — 3.5V
a
o 1000 3.0V
)
800 / — 2.5V
1.5 2.0 2.5 3.0 35 4.0 4.5

Frequency(MHz) Shaded area is

beyond recommended range

DS30272A-page 128 0 1997 Microchip Technology Inc.



PIC16C71X

|Applicable Devices |710[71[711|715]
15.0 ELECTRICAL CHARACTERISTICS FOR PIC16C71

Absolute Maximum Ratings T

Ambient tempPerature UNAEr DIAS...........eiiiiiiiii et -551t0 +125°C
SHOrAGE LEMPEIALUIE .....c..euveeeeeeeeeeeeeeete et ete ettt eteeteete et e eteeteebeetestesbestesseteaessensense s et ensessensenseseaseessaresreans -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD, MCLR, and RA4)..........ccccccveveeieeereeerennnn, -0.3V to (VbD + 0.3V)
Voltage 0N VDD With FTESPECE t0 WSS ....uiiiiiiieiiiie et eiee e ree ettt sttt ettt e e st e e e enee e e e st e e steeesnneeeeanbeeeans -0.3 to +7.5V
Voltage on MCLR With reSPecCt 10 VSS (NOLE 2).......ueieiiiiiiiiieeiiiee ittt ettt et nn e e s e e 0 to +14V
Voltage 0N RAZ With TESPECE T0 VSS .. ..uiiiiiiiiiiiie ettt e e rae e e sttt e e st e e e sbeeeess bt e e sneeeeanteeeaneeeennns 0 to +14V
Total power diSSIPALION (NOLE L) ......eiiiriieiiiieeiiie ettt ettt e e b e e s e e s bt e e asb e e e sabeeesbb e e e anneeenanees 800 mw
MaxXimum CUITENE OUE OF WSS PN ... .eeiieiiiee ettt ettt ettt s et e ettt e e s nt e e e bt e e e atb e e e anteeeeneeeeanbeeesnseeeennees 150 mA
MaXimum CUMTENT INTO VDD PN ...eeiiteeeiiiie ittt ettt et at e s bt e et e e e e st e e e be e e e s e e e st et e e nn e e e snb e e e nanne e e nnnee 100 mA
Input clamp current, K (V1< 0 OF VI VDD) ....oiiiiiiiiieeeiiiee et steeestee e sttt ettt e e sst e e smteee s saeeeeasbeeesnsneesnneeeesnbeeennee £20.mA
Output clamp current, 10K (VO < 0 0F VO > VDD) ....uuviiiieiiiiiiieeeesiiiieeeessiieeeeessninieeessssnnsneesesssnssseesesssnsnneessssnneness 5. 20.MA
Maximum output current SUNK BY @ny 1/O PIN.......cooiiiiiiiiie e e et snee e e b e e e srte e e sneeeanneee s 25 mA
Maximum output current sourced bBY any 1/O PN .......oooiiiiiiiiei s 20 mA
Maximum current SUNK DY PORTA ... ettt e ettt e e e e st e et e e e s e bbbt e e e e eanabb e e e e e e annbreeaeeaanens 80 mA
Maximum current SOUrCEA DY PORTA ... ittt ekttt e et e e s e s bn e e e s e e sne e e nree s 50 mA
Maximum current SUNK DY PORTB ... ittt ettt ettt e e e e e bbbt e e e e aabb e e e e e e e s ntb e e e e e s anbbeeeeeas 150 mA
Maximum current SOUrCEd DY PORTB.........uiiiiiiie ittt e et e e st e e e e s b e e e nne e e 100 mA

Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - Y 10H} + 5 {(VDD-VOH) x loH} + 3 (VoI x loL)

Note 2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, may cause latch-up. Thus,
a series resistor of 50-100Q should be used when applying a “low” level to the MCLR pin rather than pulling
this pin directly to Vss.

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

TABLE 15-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)

osc PIC16C71-04 PIC16C71-20 PIC16LC71-04 JW Devices
VDD: 4.0V to 6.0V VDD: 4.5V to 5.5V VpD: 3.0V to 6.0V VDD: 4.0V to 6.0V

RC IbD: 3.3 mA max. at 5.5V IDD: 1.8 mA typ. at 5.5V IDD: 1.4 mA typ. at 3.0V IDD: 3.3 mA max. at 5.5V
IPD: 14 pA max. at 4V IPD: 1.0 pA typ. at 4V IPD: 0.6 pA typ. at 3V IPD: 14 pA max. at 4V
Freq:4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq:4 MHz max.
VDD: 4.0V to 6.0V VDD: 4.5V to 5.5V VDD: 3.0V to 6.0V VDD: 4.0V to 6.0V

XT IbD: 3.3 mA max. at 5.5V IDD: 1.8 mA typ. at 5.5V IDD: 1.4 mA typ. at 3.0V IbD: 3.3 mMA max. at 5.5V
IPD: 14 pA max. at 4V IPD: 1.0 pA typ. at 4V IPD: 0.6 PA typ. at 3V IPD: 14 pA max. at 4V
Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max.
VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V

Hs IbD: 13.5 mA typ. at 5.5V IbD: 30 mA max. at 5.5V Not recommended for use in | IDD: 30 mA max. at 5.5V
IPD: 1.0 pA typ. at 4.5V IPD: 1.0 pA typ. at 4.5V HS mode IPD: 1.0 pA typ. at 4.5V
Freq: 4 MHz max. Freq: 20 MHz max. Freq: 20 MHz max.
VDD: 4.0V to 6.0V VpD: 3.0V to 6.0V VpD: 3.0V to 6.0V
IbD: 15 pA typ. at 32 kHz, Not recommended for use IbD: 32 pA max. at 32 kHz, IDD: 32 pA max. at 32 kHz,

LP 4.0V in LP mode 3.0V 3.0v
IPD: 0.6 PA typ. at 4.0V IPD: 9 pA max. at 3.0V IPD: 9 pA max. at 3.0V
Freq: 200 kHz max. Freq: 200 kHz max. Freq: 200 kHz max.

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications. It is recom-
mended that the user select the device type that ensures the specifications required.
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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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15.4 Timing Parameter Symbology

The timing parameter symbols have been created following one of the following formats:

1. TppS2ppS
2.TppS
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pp
cc CCP1 0osc 0OSC1
ck CLKOUT rd RD
cs [ rw RD or WR
di SDI sc SCK
do SDO ss SS
dt Datain t0 TOCKI
io 1/0 port t1 T1CKI
mc MCLR wr WR
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
| Invalid (Hi-impedance) \% Valid
L Low z Hi-impedance
FIGURE 15-1: LOAD CONDITIONS
Load condition 1 Load condition 2
\VDD/2
RL

Pin _T_ CL Pin T CL

Vss Vss
RL = 464Q

CL = 50pF for all pins except OSC2/CLKOUT
15 pF for OSC2 output
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