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PIC16C/71X

FIGURE 5-4: BLOCK DIAGRAM OF FIGURE 5-5: BLOCK DIAGRAM OF
RB7:RB4 PINS RB7:RB4 PINS
(PIC16C71) (PIC16C710/711/715)
VDD VDD
RBPU® Erweak RBPU? weak
—9 B —9 B
Data bus Data Latch Data bus Data Latch
D Q —< D Q —
110 /0
WR Port CK_ pin® WR Port CK™Y_ pin®
TRIS Latc TRIS Latch
D Q D Q
WR TRIS TTL WRTRIS TTL
CK AL Input \7 CK A Input K7 37
P p
Buffer ST Buffer ST
] Buffer p ) Buffer
RD TRIS Latch RD TRIS Latch
RD Port EN RD Port EN Q1
From other L A@G_I—G L
RB7:RB4 pins e b From other Q D
RB7:RB4 pins RD Port
EN EN
RD Port Q3
RB7:RB6 in serial programming mode RB7:RB6 in serial programming mode
Note 1: I/O pins have diode protection to VoD and Vss. Note 1: 1/0 pins have diode protection to Vop and Vss.
2: TRISB =1’ enables weak pull-up if 2: TRISB = "1’ enables weak pull-up if
RBPU =0’ (OPTION<7>). RBPU =0’ (OPTION<7>).

TABLE 5-3: PORTB FUNCTIONS

Name Bit# Buffer Function

RBO/INT bit0 TTLSTD Input/output pin or external interrupt input. Internal software
programmable weak pull-up.

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

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

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

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

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

RB6 bit6 TTL/ST® | Input/output pin (with interrupt on change). Internal software programmable
weak pull-up. Serial programming clock.

RB7 bit7 TTL/ST® Input/output pin (with interrupt on change). Internal software programmable
weak pull-up. Serial programming data.

Legend: TTL =TTL input, ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in serial programming mode.
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PIC16C/71X

7.1 A/D Acquisition Requirements

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHOLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 7-5. The source
impedance (Rs) and the internal sampling switch (RsS)
impedance directly affect the time required to charge
the capacitor CHoLD. The sampling switch (RsS)
impedance varies over the device voltage (VDD),
Figure 7-5. The source impedance affects the offset
voltage at the analog input (due to pin leakage current).
The maximum recommended impedance for ana-
log sources is 10 kQ. After the analog input channel is
selected (changed) this acquisition must be done
before the conversion can be started.

To calculate the minimum acquisition time, Equation 7-
1 may be used. This equation calculates the acquisition
time to within 1/2 LSb error is used (512 steps for the
A/D). The 1/2 LSb error is the maximum error allowed
for the A/D to meet its specified accuracy.

A/D MINIMUM CHARGING
TIME

VHOLD = (VREF - (VREF/512)) (1 - e{-TCAP/CHOLD(RIC + RsS + Rs)))
Given: VHoLD = (VREF/512), for 1/2 LSb resolution

The above equation reduces to:

Tcap = -(51.2 pF)(1 kQ + Rss + Rs) In(1/511)

Example 7-1 shows the calculation of the minimum
required acquisition time TAcQ. This calculation is
based on the following system assumptions.

CHoLD = 51.2 pF
Rs =10 kQ

EQUATION 7-1:

Note 1:

Note 2:

Note 3:

Note 4:

The reference voltage (VREF) has no
effect on the equation, since it cancels
itself out.

The charge holding capacitor (CHOLD) is
not discharged after each conversion.

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

After a conversion has completed, a
2.0TAD delay must complete before acqui-
sition can begin again. During this time the
holding capacitor is not connected to the
selected A/D input channel.

EXAMPLE 7-1: CALCULATING THE
MINIMUM REQUIRED
AQUISITION TIME
TacQ = Amplifier Settling Time +

TACQ =
Tcap =

TACQ =

Holding Capacitor Charging Time +

Temperature Coefficient

5 ps + TcAp + [(Temp - 25°C)(0.05 ps/°C)]
-CHoLD (RIC + Rss + Rs) In(1/511)

-51.2 pF (1 kQ + 7 kQ + 10 kQ) In(0.0020)
-51.2 pF (18 kQ) In(0.0020)

-0.921 ps (-6.2364)

5.747 ps

5 ps + 5.747 ps + [(50°C - 25°C)(0.05 ps/°C)]
10.747 ps + 1.25 pys

1/2 LSb error 11.997 pys
VDD =5V - Rss =7 kQ
Temp (application system max.) = 50°C
VHOLD=0@ t=0
FIGURE 7-5: ANALOG INPUT MODEL
VDD
Sampling
VT=0.6V , Switch
Ric<lk '+ SS Rss:
WY W——
------- CHoLD )
VT = 0.6V Iilggléar?g = g)fg ;gpacnance
Vss

Legend CPIN = input capacitance
\%) = threshold voltage

various junctions

RIC = interconnect resistance
SS = sampling switch
CHOLD

I leakage = leakage current at the pin due to

= sample/hold capacitance (from DAC)

6V
5V:
VDD 4V-
3V

2V.

567891011
Sampling Switch
(kQ)
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74.1 FASTER CONVERSION - LOWER
RESOLUTION TRADE-OFF

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

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

EXAMPLE 7-3: 4-BIT vs. 8-BIT CONVERSION TIMES

Since the TAD is based from the device oscillator, the
user must use some method (a timer, software loop,
etc.) to determine when the A/D oscillator may be
changed. Example 7-3 shows a comparison of time
required for a conversion with 4-bits of resolution, ver-
sus the 8-bit resolution conversion. The example is for
devices operating at 20 MHz and 16 MHz (The A/D
clock is programmed for 32Tosc), and assumes that
immediately after 6TAD, the A/D clock is programmed
for 2Tosc.

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

Resolution
Freq. (MHz)® : :

4-bit 8-bit

TAD 20 1.6 ps 1.6 pys
16 2.0 us 2.0 us

Tosc 20 50 ns 50 ns
16 62.5ns 62.5ns

2TAD + N « TAD + (8 - N)(2Tosc) 20 10 ps 16 ps
16 12.5 ps 20 ps

Note 1: The PIC16C71 has a minimum TAD time of 2.0 ps.

All other PIC16C71X devices have a minimum TAD time of 1.6 ps.

0 1997 Microchip Technology Inc.
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8.45 TIME-OUT SEQUENCE

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

On power-up the time-out sequence is as follows: First
PWRT time-out is invoked after the POR time delay has
expired. Then OST is activated. The total time-out will
vary based on oscillator configuration and the status of
the PWRT. For example, in RC mode with the PWRT
disabled, there will be no time-out at all. Figure 8-11,
Figure 8-12, and Figure 8-13 depict time-out
sequences on power-up.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire. Then
bringing MCLR high will begin execution immediately
(Figure 8-12). This is useful for testing purposes or to
synchronize more than one PIC16CXX device operat-
ing in parallel.

Table 8-10 and Table 8-11 show the reset conditions for
some special function registers, while Table 8-12 and
Table 8-13 show the reset conditions for all the
registers.

8.4.6 POWER CONTROL/STATUS REGISTER
(PCON)

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

The Power Control/Status Register, PCON has up to
two bits, depending upon the device.

Bit0 is Brown-out Reset Status bit, BOR. Bit BOR is
unknown on a Power-on Reset. It must then be set by
the user and checked on subsequent resets to see if bit
BOR cleared, indicating a BOR occurred. The BOR bit
is a "Don’t Care" bit and is not necessarily predictable
if the Brown-out Reset circuitry is disabled (by clearing
bit BODEN in the Configuration Word).

Bitl is POR (Power-on Reset Status bit). It is cleared
on a Power-on Reset and unaffected otherwise. The
user must set this bit following a Power-on Reset.

For the PIC16C715, bit2 is PER (Parity Error Reset). It

is cleared on a Parity Error Reset and must be set by
user software. It will also be set on a Power-on Reset.

For the PIC16C715, bit7 is MPEEN (Memory Parity
Error Enable). This bit reflects the status of the MPEEN
bit in configuration word. It is unaffected by any reset of
interrupt.

8.4.7 PARITY ERROR RESET (PER)

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

The PIC16C715 has on-chip parity bits that can be
used to verify the contents of program memory. Parity
bits may be useful in applications in order to increase
overall reliability of a system.

There are two parity bits for each word of Program
Memory. The parity bits are computed on alternating
bits of the program word. One computation is per-
formed using even parity, the other using odd parity. As
a program executes, the parity is verified. The even par-
ity bit is XOR'd with the even bits in the program mem-
ory word. The odd parity bit is negated and XOR'd with
the odd bits in the program memory word. When an
error is detected, a reset is generated and the PER flag
bit 2 in the PCON register is cleared (logic ‘0’). This indi-
cation can allow software to act on a failure. However,
there is no indication of the program memory location
of the failure in Program Memory. This flag can only be
set (logic ‘1’) by software.

The parity array is user selectable during programming.
Bit 7 of the configuration word located at address
2007h can be programmed (read as ‘0’) to disable par-
ity. If left unprogrammed (read as ‘1’), parity is enabled.

TABLE 8-5: TIME-OUT IN VARIOUS SITUATIONS, PIC16C71
Oscillator Configuration Power-up Wake-up from SLEEP
PWRTE =1 PWRTE =0
XT, HS, LP 72 ms + 1024Tosc 1024Tosc 1024 Tosc
RC 72 ms — —
TABLE 8-6: TIME-OUT IN VARIOUS SITUATIONS, PIC16C710/711/715
Oscillator Configuration Power-up Wake-up from SLEEP
— Brown-out
PWRTE =0 PWRTE =1
XT, HS, LP 72 ms + 1024Tosc 1024Tosc 72 ms + 1024Tosc 1024Tosc
RC 72 ms 72 ms —
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8.7 Watchdog Timer (WDT)

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

The Watchdog Timer is as a free running on-chip RC
oscillator which does not require any external compo-
nents. This RC oscillator is separate from the RC oscil-
lator of the OSC1/CLKIN pin. That means that the WDT
will run, even if the clock on the OSC1/CLKIN and
OSC2/CLKOUT pins of the device has been stopped,
for example, by execution of a SLEEP instruction. Dur-
ing normal operation, a WDT time-out generates a
device RESET (Watchdog Timer Reset). If the device is
in SLEEP mode, a WDT time-out causes the device to
wake-up and continue with normal operation (Watch-
dog Timer Wake-up). The WDT can be permanently

assigned to the WDT under software control by writing
to the OPTION register. Thus, time-out periods up to
2.3 seconds can be realized.

The CLRMDT and SLEEP instructions clear the WDT and
the postscaler, if assigned to the WDT, and prevent it
from timing out and generating a device RESET condi-
tion.

The TO bit in the STATUS register will be cleared upon
a Watchdog Timer time-out.

8.7.2 WDT PROGRAMMING CONSIDERATIONS

It should also be taken into account that under worst
case conditions (VbD = Min., Temperature = Max., and
max. WDT prescaler) it may take several seconds
before a WDT time-out occurs.

disabled by clearing configuration bit WDTE
(Section 8.1). Note: When a CLRWDT instruction is executed
and the prescaler is assigned to the WDT,

8.7.1  WDT PERIOD the prescaler count will be cleared, but the
The WDT has a nominal time-out period of 18 ms, (with EUESEEr SEENIENL 2 200 ENEnpEt.
no prescaler). The time-out periods vary with tempera-
ture, VDD and process variations from part to part (see
DC specs). If longer time-out periods are desired, a
prescaler with a division ratio of up to 1:128 can be
FIGURE 8-20: WATCHDOG TIMER BLOCK DIAGRAM

From TMRO Clock Source

(Figure 6-6)

[ of
1™ —®|  Postscaler
WDT Timer ® U
X { 8
* 8-10-1MUX |<®— PS2:PSO
WDT PSA
Enable Bit
To TMRO (Figure 6-6)

Note: PSA and PS2:PS0 are bits in the OPTION register.

MUX -4— PSA

WDT
Time-out

FIGURE 8-21: SUMMARY OF WATCHDOG TIMER REGISTERS

Address |Name Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit2 | Bitl Bit 0
2007h Config. bits (0 | BopeEN® | CP1 | CPO | pwrTE® | WDTE | FOSC1 | FOSCO
81h,181h |OPTION RBPU | INTEDG | TOCS | TOSE PSA PS2 PS1 PSO

Legend: Shaded cells are not used by the Watchdog Timer.
Note 1: See Figure 8-1, Figure 8-2 and Figure 8-3 for operation of these bits.

0 1997 Microchip Technology Inc.
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SUBWF Subtract W from f SWAPF Swap Nibbles in f
Syntax: [labell] SUBWF fd Syntax: [ labell] SWAPF fd
Operands: 0<f<127 Operands: 0<f<127
do[o,1] dofo,1]
Operation: ) - (W) - (dest) Operation: (f<3:0>) - (dest<7:4>),
Status Affected: C, DC, Z (f<7:4>) ~ (dest<3:0>)
Encoding: 00 [ oot [ arff | frfg | StatusAffected: None
Description: Subtract (2's complement method) W reg- Encoding: | 00 | 1110 | df ff | frff |
ister from register 'f'. If 'd" is O the result is Description: The upper and lower nibbles of regis-
stored in the W register. If 'd" is 1 the ter 'f' are exchanged. If 'd"is O the
result is stored back in register 'f'. result is placed in W register. If 'd" is 1
Words: 1 the result is placed in register 'f'.
Cycles: 1 Words: 1
Q Cycle Activity: Q1 Q2 03 Q4 Cycles: 1
Decode Read Process Write to Q CyCIe Activity: Q1 Q2 Qs Q4
register data dest Decode | Read | Process | Writeto
register 'f data dest
Example 1: SUBWF REGL, 1
Before Instruction Example SWAPF REG, 0
REG1 - 3 Before Instruction
w = 2 REG1 = OxA5
C = 2 .
7 = 9 After Instruction
. REG1 = OxA5
After Instruction W = OxBA
REG1 = 1
w = 2
C = 1;resultis positive
z = 0
Example 2: Before Instruction TRIS Load TRIS Register
REG1 = 2 Syntax: [label TRIS f
\év - 3 Operands: 5<f<7
z = 2 Operation: (W) - TRIS register f;
After Instruction Status Affected: None
REGL = 0 Encoding: | oo |ooo0 [o0110 |offf
w = 2 Description: The instruction is supported for code
C = 1 resultis zero compatibility with the PIC16C5X prod-
z = 1 ucts. Since TRIS registers are read-
Example 3: Before Instruction able and writable, the user can directly
address them.
REG1 = 1 )
W - Words: 1
C = ? Cycles: 1
z = 7 Example
After Instruction To maintain upward compatibility
REG1 = OxFF with future PIC16CXX products, do
W = 2 not use this instruction.
C = 0;resultis negative
z = 0

0 1997 Microchip Technology Inc.
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XORLW Exclusive OR Literal with W XORWF Exclusive OR W with f
Syntax: [labe]] XORLW k Syntax: [labell] XORWF fd
Operands: 0<k<255 Operands: 8 éfé 1127
Operation: (W) .XOR. k - (W) ) .1
Operation: (W) .XOR. (f) - (dest)
Status Affected: z
Encodi | 11 | 1010 | kkkk | kkkk | Status Affected: 2
ncoding:
o , Encoding: | 00 | 0110 | df ff | fEff |
Description: The contents of the W register are o .
XOR’ed with the eight bit literal 'k'. Description: Exclusive OR the contents of the W
The result is placed in the W regis- register with register 'f'. If 'd" is O the
ter. result is stored in the W register. If 'd’
is 1 the result is stored back in register
Words: 1 i
Cycles: 1 Words: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Cycles: 1
Decode | Read | Process | Wrieto Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process | Write to
register data dest
Example: XORLW  OxAF f
Before Instruction
W = OxBS Example XCORWF REG 1
After Instruction Before Instruction
W = OxIA \F;VEG = gigg

After Instruction

REG
W

Ox1A
0xB5
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10.6 PICDEM-1 Low-Cost PIC16/17
Demonstration Board

The PICDEM-1 is a simple board which demonstrates
the capabilities of several of Microchip’s microcontrol-
lers. The microcontrollers supported are: PIC16C5X
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X,
PIC16C71, PIC16C8X, PIC17C42, PIC17C43 and
PIC17C44. All necessary hardware and software is
included to run basic demo programs. The users can
program the sample microcontrollers provided with
the PICDEM-1 board, on a PRO MATE Il or
PICSTART-Plus programmer, and easily test firm-
ware. The user can also connect the PICDEM-1
board to the PICMASTER emulator and download
the firmware to the emulator for testing. Additional pro-
totype area is available for the user to build some addi-
tional hardware and connect it to the microcontroller
socket(s). Some of the features include an RS-232
interface, a potentiometer for simulated analog input,
push-button switches and eight LEDs connected to
PORTB.

10.7 PICDEM-2 Low-Cost PIC16CXX
Demonstration Board

The PICDEM-2 is a simple demonstration board that
supports the PIC16C62, PIC16C64, PIC16C65,
PIC16C73 and PIC16C74 microcontrollers. All the
necessary hardware and software is included to
run the basic demonstration programs. The user
can program the sample microcontrollers provided
with the PICDEM-2 board, on a PRO MATE Il pro-
grammer or PICSTART-Plus, and easily test firmware.
The PICMASTER emulator may also be used with the
PICDEM-2 board to test firmware. Additional prototype
area has been provided to the user for adding addi-
tional hardware and connecting it to the microcontroller
socket(s). Some of the features include a RS-232 inter-
face, push-button switches, a potentiometer for simu-
lated analog input, a Serial EEPROM to demonstrate
usage of the 12C bus and separate headers for connec-
tion to an LCD module and a keypad.

10.8 PICDEM-3 Low-Cost PIC16CXXX
Demonstration Board

The PICDEM-3 is a simple demonstration board that
supports the PIC16C923 and PIC16C924 in the PLCC
package. It will also support future 44-pin PLCC
microcontrollers with a LCD Module. All the neces-
sary hardware and software is included to run the
basic demonstration programs. The user can pro-
gram the sample microcontrollers provided with
the PICDEM-3 board, on a PRO MATE Il program-
mer or PICSTART Plus with an adapter socket, and
easily test firmware. The PICMASTER emulator may
also be used with the PICDEM-3 board to test firm-
ware. Additional prototype area has been provided to
the user for adding hardware and connecting it to the
microcontroller socket(s). Some of the features include

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

10.9 MPLAB Integrated Development
Environment Software

The MPLAB IDE Software brings an ease of software
development previously unseen in the 8-bit microcon-
troller market. MPLAB is a windows based application
which contains:

* A full featured editor
» Three operating modes
- editor
- emulator
- simulator
« A project manager
» Customizable tool bar and key mapping
A status bar with project information
« Extensive on-line help

MPLAB allows you to:

« Edit your source files (either assembly or ‘C’)

¢ One touch assemble (or compile) and download
to PIC16/17 tools (automatically updates all
project information)

« Debug using:
- source files
- absolute listing file

 Transfer data dynamically via DDE (soon to be
replaced by OLE)

* Run up to four emulators on the same PC

The ability to use MPLAB with Microchip’s simulator
allows a consistent platform and the ability to easily
switch from the low cost simulator to the full featured
emulator with minimal retraining due to development
tools.

10.10 Assembler (MPASM)

The MPASM Universal Macro Assembler is a PC-
hosted symbolic assembler. It supports all microcon-
troller series including the PIC12C5XX, PIC14000,
PIC16C5X, PIC16CXXX, and PIC17CXX families.

MPASM offers full featured Macro capabilities, condi-
tional assembly, and several source and listing formats.
It generates various object code formats to support
Microchip's development tools as well as third party
programmers.

MPASM allows full symbolic debugging from
PICMASTER, Microchip’s Universal Emulator
System.
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|Applicable Devices |710[71[711|715]

TABLE 11-6: A/D CONVERTER CHARACTERISTICS:
PIC16C710/711-04 (COMMERCIAL, INDUSTRIAL, EXTENDED)
PIC16C710/711-10 (COMMERCIAL, INDUSTRIAL, EXTENDED)
PIC16C710/711-20 (COMMERCIAL, INDUSTRIAL, EXTENDED)
PIC16LC710/711-04 (COMMERCIAL, INDUSTRIAL, EXTENDED)

Param | Sym | Characteristic Min Typt Max Units Conditions

No.

A01 NR | Resolution — — 8-bits bit | VREF = VDD, VSS < AIN < VREF

A02 | Eass | Absolute error — — <1 LSb | VREF = VDD, VSS < AN < VREF

A03 EiL | Integral linearity error — — <t+1 LSb | VREF = VDD, VsS < AN < VREF

AO4 | EpL | Differential linearity error — — <+1 LSb | VREF = VDD, VsSs < AN < VREF

AO05 | EFs | Full scale error — — <+1 LSb | VREF = VDD, VSS < AN < VREF

AO6 | EOFF | Offset error — — <+1 LSb | VREF = VDD, VsSs < AN < VREF

A10 — | Monotonicity — guaranteed — — | VSsS < VAIN < VREF

A20 | VREF | Reference voltage 2.5V — VbD + 0.3 \%

A25 | VAIN | Analog input voltage Vss-0.3 — VREF+0.3| V

A30 | ZaiN | Recommended impedance of — — 10.0 kQ

analog voltage source

A40 IaD | A/D conversion current (VDD) — 180 — WA | Average current consumption
when A/D is on. (Note 1)

A50 | IRerF | VREF input current (Note 2) 10 — 1000 WA | During VAIN acquisition.
Based on differential of VHOLD to VAIN.
To charge CHOLD see Section 7.1.

— — 10 WA | During A/D Conversion cycle

*  These parameters are characterized but not tested.
t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note 1: When A/D is off, it will not consume any current other than minor leakage current.
The power-down current spec includes any such leakage from the A/D module.
2: VREF current is from RA3 pin or VDD pin, whichever is selected as reference input.
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|Applicable Devices |710[71[711|715]

12.0 DC AND AC CHARACTERISTICS GRAPHS AND TABLES FOR PIC16C710
AND PIC16C711

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 different 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 +3a) and (mean -30) respectively where ¢ is standard deviation.

FIGURE 12-1: TYPICAL IpD vs. VDD (WDT DISABLED, RC MODE)
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30 /
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FIGURE 12-2: MAXIMUM IpD vs. VDD (WDT DISABLED, RC MODE)
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|Applicable Devices |710[71[711|715]
13.0 ELECTRICAL CHARACTERISTICS FOR PIC16C715

Absolute Maximum Ratings T

Ambient temperature UNAEr DIAS ...t e e e et e e e e eeneeeeaaeeand to +125°C

SEOrage LEMPEIALUIE ..oeiiiiiieee ettt et e e e e e e e e e e e e e s e s s s e bbb bbb bbb e b aeeeeeeeaaaaaaaeaaeeenenananns 5°C\to +150°C
Voltage on any pin with respect to Vss (except Vbb and MCLR) +0.3V)
Voltage on VDD With reSPECE t0 VSS ....uuiiiiiiiiiiiiiiie ettt e e ssrre e e e e s snnnen e e s s fanasnsies\eeessnnrnenas N2 +7.5V
Voltage on MCLR With reSPeCt 10 VSS.....coiiiiiiiiiiiiiiiiieee e eriiee e eseieee e senee e e s s nnnnniglena e e e 0 to +14V

Voltage on RAZ With reSPECT 0 VSS ...uuiiiiie ittt e e stree e e e ane e e rnae s 0to +14V

Maximum current iNt0 VDD PIN .....eiiiiiiiiiiiee e
Input clamp current, 1K (V1 < 0 0 VI > VDD)..ovioiiiiiiiiee st eeiires e eesninena )
Output clamp current, lok (Vo < 0 or VO > VDD)
Maximum output current sunk by any I/O pin...........cccccvveeen
Maximum output current sourced by any I/O pin
Maximum current sunk by PORTA
Maximum current sourced by PORTA...................

Maximum current sunk by PORTB

device. This is a stress rating an i
indicated in the operation ligtings of thi
extended periods may affecteyice reliability.
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13.3

DC Characteristics:

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

PIC16C715-04 (Commercial, Industrial, Extended)

PIC16C715-10 (Commercial, Industrial, Extended)
PIC16C715-20 (Commercial, Industrial, Extended)
PIC16LC715-04 (Commercial, Industrial))

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)

< TA £ +70°C (commercial)

< TA < +85°C (industrial)

< TA £ +125°C (extended)
Operating voltage VDD range as described in DC spec Section 13.1

Operating temperature

and Section 13.2.

0°C

-40°C
-40°C

Conditi/r}
il

Param Characteristic Sym Min |Typ| Max |Units
No. t
Input Low Voltage
I/O ports VIL
D030 with TTL buffer Vss - | 0.5V \%
D031 with Schmitt Trigger buffer Vss - [0.2VDD| V
D032 MCLR, RA4/TOCKI,OSC1 Vss - 10.2vbD| V
(in RC mode)
D033 |OSCI (in XT, HS and LP) vss | - |0.3voD vkm
Input High Voltage
I/O ports VIH -
D040 with TTL buffer 2.0 V\D V Y45 <VDD<5.5V
DO40A 0.8VDD < D For VDD > 5.5V or VDD < 4.5V
D041 with Schmitt Trigger buffer 0.8\BD\_ - For entire VDD range
D042 MCLR, RA4/TOCKI RBO/INT 8VD \ D \%
D042A |OSC1 (XT, HS and LP) S VD V |Notel
D043 OSCl1 (in RC mode) . - DD \%
D070 PORTB weak pull-up current {PURBTIN BO\\[250 400 | pA |VDD =5V, VPIN = Vss
Input Leakage Current (Notes 2, \\\>
D060 I/O ports % liL R - +1 A |Vss < VPIN £ VDD, Pin at hi-
impedance
D061 MCLR, RA4/TOCKI - - 5 HA |Vss < VPIN < VDD
D063 OSsC1 - - 5 MA |Vss <VPIN < VDD, XT, HS and LP
osc configuration
Output Low Voltage
D080 I/O ports VoL - - 0.6 V |loL=8.5mA, VDD = 4.5V,
-40°C to +85°C
DO80A - - 0.6 V |loL=7.0 mA, VDD = 4.5V,
-40°C to +125°C
D083 0OSC /(@J RG.gsc config) - - 0.6 V |loL=1.6 mA, VDD = 4.5V,
-40°C to +85°C
DO083A - - 0.6 V |loL=1.2 mA, VDD = 4.5V,
%w -40°C to +125°C
DétaAn “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
dare not tested.
Note 1: In RCascillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
PIC16C7X be driven with external clock in RC mode.
2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels

represent normal operating conditions. Higher leakage current may be measured at different input voltages.
3: Negative current is defined as coming out of the pin.
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|Applicable Devices [710]71|711[715]

Standard Operating Conditions (unless otherwise stated)
Operating temperature  0°C < TA < +70°C (commercial)
-40°C < TA < +85°C (industrial)
-40°C < TA < +125°C (extended)
Operating voltage VDD range as described in DC spec Section 13.1
and Section 13.2.
Param Characteristic Sym Min |Typ| Max |Units Conditions
No. t
Output High Voltage
D090 I/O ports (Note 3) VOH (VDD - 0.7

DC CHARACTERISTICS

DO090A VDD - 0.7
D092 OSC2/CLKOUT (RC osc config) VDD - 0.7

D092A VDD - 0.7

Capacitive Loading Specs on
Output Pins
D100 OSC2 pin Cosc2 -

D101 All'l/O pins and OSC2 (in RC mode) | Cio -

T Data in “Typ” column is at 5V, 25°C unless otherwise

and are not tested.
Note 1: In RC oscillator configuration, the OSC1/CLKI
PIC16C7X be driven with external clock in RC

N
&7

the applied voltage level. The specified levels
srent may be measured at different input voltages.

DS30272A-page 116 0 1997 Microchip Technology Inc.



PIC16C71X

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

TABLE 13-7: A/D CONVERTER CHARACTERISTICS:

PIC16LC715-04 (COMMERCIAL, INDUSTRIAL)

impedance of ana-
log voltage source

e

Parameter Sym | Characteristic Min Typt Max Units Conditions
No.
NR Resolution — — 8-bits — | VREF = VDD, Vss < AIN < VREF
NINT | Integral error — — less than — | VREF = VDD, Vss < AIN < VREF
+1LSb
NDIF | Differential error — — less than — | VREF = VDD, Vss < AIN < VREF
+1 LSb /\
NFs | Full scale error — — less than — | VREF = VDD, Vss < AIN X VREF
+1LSb
NorF | Offset error — — less than — | VREF = VDD, IN < MREF
+1LSb
— | Monotonicity — guaranteed — — Vss/s/ yN“s\VQg
VREF | Reference voltage 2.5V — VoD + 0.3 \%
VAIN | Analog input voltage| Vss - 0.3 — VREF + 0.3 \Y
ZAIN | Recommended — — 10.0 @
u/\
¥

IAD | A/D conversion cur- — 90 ‘erage current consumption when
rent (VDD) D is on. (Note 1)

IREF | VREF input current — — T\ \'Iﬁuring sampling
(Note 2) m\ All other times

Note 1:

These parameters are characterized but not tested.
Data in “Typ” column is at 5V, 25°C unless otherwise gtated. Thesws paraxpeters are for design guidance only and are not

tested.

iqor | ge current. The power-down current spec includes

VREF current is from RA3 pin or VDD p|n whisheva

S
N
&7

asS reference input.
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|Applicable Devices |710[71[711|715]

FIGURE 16-17: TRANSCONDUCTANCE (gm) FIGURE 16-19: IoH vSs.VOH, VDD = 3V
OF LP OSCILLATOR vs.VDD
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FIGURE 16-18: TRANSCONDUCTANCE (gm) FIGURE 16-20: |oH vS. VOH, VDD = 5V
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RA2/ANZ ...ttt 9
RAS/ANSB/VREF ...occiiiiiiiiiiiee e eeciteee e e e e s siveeees 9
RAGITOCKI oo eciie et 9
RBO/INT ...... .9

RB1 ... .9
RB2 ... .9
RB3 et 9
RBZ oo 9
RB5 e 9
RBB ..ttt 9
RB7 et 9
VDD oottt 9
WSS it 9
Pinout Descriptions
PICLIBCTL ..o 9
PICLBCTL0 ovviiiiiiieieie it 9
PICLIBCTLL oottt 9
PICLIBCTLS ..o 9
PIRL REQISTEN ....tiiiiiiiiiiiiiiicrt et 21
POP s 23
POR oo ....b3,54
Oscillator Start-up Timer (OST) .... ....47,53
Power Control Register (PCON) ......cccccovueeeriiieeennnen. 54
Power-on Reset (POR) .......ccccevvvenieeninen. 47, 53, 57, 58
Power-up Timer (PWRT) ..ccocovviiiiieniiencee 47,53
TIME-0Ut SEQUENCE ....eeoiiiiieiiiieeiiiee e 54
Time-out Sequence 0N POWEr-UP .......ccccevveeneeineenns 59
TO e 52, 55
POR bit ....ccuevee ...22,54
POrt RB INEITUPL ... 63

PORTA e 57, 58
PORTA REQISLEr ...eveviiiiiieeiiie e 14, 15, 25
PORTB ..o 57,58
PORTB REQISLEr ....evvveiiiiieiiiie et 14, 15, 27
Power-down Mode (SLEEP) .........cccocoiiiiiiieiiiieeiece e, 66

Prescaler, Switching Between TimerO and WDT

PRO MATE" Il Universal Programmer .... ....85
Program Branches ..........cccccvoiiiiiiiieiieeeeec e 7
Program Memory

PagiNgG .ooovviiiiiiiiei 23
Program Memory Maps

PICLECTL .ooiiiiiiiiicc

PIC16C710 ....
PIC16C711 ...

PIC16C715 .......... "
Program Verification ..........ccccociiiiiiiiiiiiiiicniceecee 67
PSO0 DIt e 18
PSL DIt oo 18
PS2 DIt oo 18
PSA DI oo 18
PUSH e 23
PWRT

Power-up Timer (PWRT)
PWRTE DIt oo

R

RBIE DIt ... 19
RBIF bit ..... .19, 27, 63
RBPU DIt .o 18
RC e 54
RC OSCIllator .......cccooiiiiiiieiiiiiee e 51, 54
Read-Modify-WIte .........cccooiiiiiiiiiee e 30
REGIStEr File ..o 12
Registers

Maps
PICLOBCTL ..ot

PIC16C710 ..

PICLIBCTLL ..o 13
PICLIBCT15 ..o 13

Reset Conditions .........ccccovivieninienieeee e 56

summary ............. . 14-727?
ReSet ..o, . 47,52
Reset Conditions for Special Registers ..........cc.cccocveveenne. 56
RPO DIt oo 12,17
RPL DIt oo 17
S
SEEVAL" Evaluation and Programming System ............... 87
Services

One-Time-Programmable (OTP) Devices ...........cc.e.... 5

Quick-Turnaround-Production (QTP) Devices .............. 5

Serialized Quick-Turnaround Production (SQTP)

DEVICES ..ottt
SLEEP ..
Software Simulator (MPLABO SIM)
Special Features of the CPU .........ccoooiiiiiiiiiiciee e,
Special Function Registers

PICLBCTL ..ottt 14

PICLIBCT10 .oviieiiiiieieiieeieeeeete e 14

PICLIBCTLL .ooiieeiieceeeeeeeee e 14
Special Function Registers, Section .........cccccoecceeeviieeennnen. 14
SEACK oo

Overflows ...
Underflow ..

STATUS REQGISIEr ..eeiiiiiiii et 17

T

TOCS DIt et 18

TOIE bit

TOIF bit

TAD ettt

TimerO

RTCC ot 57,58
Timers
TimerO

Block Diagram .........ccceecvieniiiiiciiciiee e 31
External CloCK .........ccoceiiiiiiiiiiiiiciie e 33
External Clock Timing .....cccccoceveeviireeiiiee e 33
Increment Delay ........ccccoovvviieniiiiiciicec e 33
INEEITUPL oo 31
INterrupt TiMING ...occeeeveiieeiieeeee e 32
Prescaler ... 34
Prescaler Block Diagram ...........cccccceeevieeenineeenne 34
SECHON .o 31
Switching Prescaler Assignment .............ccccceeeee 35

SyNChronization ...........ccccovceieiiiiieniiee e 33
TOCKI e 33
TOIF e 63
THMING e 31
TMRO INTEITUPL ..o 63

Timing Diagrams
A/D Conversion
Brown-out Reset
CLKOUT and I/O
External Clock Timing ........ccccoccveevinienninen.
Power-up TiMer .......cccocveiiiiiienie e
RESEL ..o,
Start-up TIMET ....oooveiiiiiieeeeee e
TiME-0Ut SEQUENCE .....eeiuviiiiieiiesiieeriee e
TIMEI0 .oeiiiiiiieiceee e
TimerO Interrupt Timing ...
Timer0 with External ClOCK ..........cccooovvviiiiiiiiiee 33
Wake-up from SLEEP through Interrupt ..................... 67
Watchdog Timer ........ccoceiiiiiiiiiieeeree e 97, 143

0 1997 Microchip Technology Inc.

DS30390D-page 165



PIC16C/71X

NOTES:

DS30390D-page 170 0 1997 Microchip Technology Inc.



PIC16C/71X

READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578.

Please list the following information, and use this outline to provide us with your comments about this Data Sheet.

To: Technical Publications Manager Total Pages Sent
RE: Reader Response

From: Name

Company
Address
City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -
Application (optional):

Would you like areply? Y N
Device: PIC16C71X Literature Number: DS30272A

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this data sheet easy to follow? If not, why?

4. What additions to the data sheet do you think would enhance the structure and subject?

5. What deletions from the data sheet could be made without affecting the overall usefulness?

6. Isthere any incorrect or misleading information (what and where)?

7. How would you improve this document?

8. How would you improve our software, systems, and silicon products?
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PIC16C71X PRODUCT IDENTIFICATION SYSTEM

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

PART NO. -XX X /XX XXX Examples
—|__| Pattern: QTP, SQTP, Code or Special Requirements a) PIC16C71 - 04/P 301

Package: JW = Windowed CERDIP Commercial Temp.,
SO = SOIC o PDIP Package, 4 MHz,
SP = glslnpny plastic dip normal VDD limits, QTP
ss — SSOP pattern #301

Temperature - = 0°Cto +70°C

Range: | = -40°C to +85°C
E = -40°C to +125°C

Frequency 04 = 200 kHz (PIC16C7X-04)

Range: 04 = 4 MHz
10 = 10 MHz
20 = 20 MHz

Device PIC16C7X VDD range 4.0V to 6.0V

PIC16C7XT :VDD range 4.0V to 6.0V (Tape/Reel)
PIC16LC7X :VDD range 2.5V to 6.0V
PIC16LC7XT :VpD range 2.5V to 6.0V (Tape/Reel)

* 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

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:
1. Your local Microchip sales office (see below)
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277
3. The Microchip’s Bulletin Board, via your local CompuServe number (CompuServe membership NOT required).
Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302.
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