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PIC16C781/782

TABLE 1-1: PIC16C781/782 PINOUT DESCRIPTION (CONTINUED)

Name Function ?yppu(: O_I':l;ggt Description

RB7 TTL CMOS | Bi-directional 1/0

RB7/C2/PSMC1B/TIG C2 — CMOS | Comparator 2 Output
PSMC1B — CMOS |PSMC Output 1B

T1G ST — | Timer 1 Gate Input
AVDD AVDD Power — Positive Supply for Analog
AVss AVss Power — Ground Reference for Analog
VDD VDD Power — Positive Supply for Logic and 1/O pins
Vss Vss Power — Ground Reference for Logic and I/O pins
Legend: ST = Schmitt Trigger AN = Analog OD = open drain TTL = Logic Level

XTAL = Crystal

CMOS = CMOS Output

Power = Power Supply
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PIC16C781/782

2.0 MEMORY ORGANIZATION

There are two memory blocks in each of these PIC®
microcontrollers. Each block (program and data mem-
ory) has its own bus, so that concurrent access can
occur.

Additional information on device memory may be found
in the PIC Mid-Range Reference Manual, (DS33023).

2.1 Program Memory Organization

The PIC16C781/782 devices have a 13-bit program
counter capable of addressing an 8K x 14 program
memory space. The PIC16C781 has 1K x 14 words of
program memory. The PIC16C782 has 2K x 14 words
of program memory. Accessing a location above the
physically implemented address causes a wraparound.

The RESET vector is at 0000h and the interrupt vector
is at 0004h.

FIGURE 2-2: PIC16C782 PROGRAM
MEMORY MAP AND
STACK
PC<12:0>
CALL, RETURN 13
RETFI E, RETLW
Stack Level 1
Stack Level 2
.
Stack Level 8
RESET Vector 0000h
. ~—
Interrupt Vector 0004h
On-Chip 0005h
Program Page 0
Memory 07FFh
0800h
1FFFh

2.2 Data Memory Organization

The data memory is partitioned into multiple banks,
which contain the General Purpose Registers and the
Special Function Registers. Bits RPO and RP1 are

bank select bits.

[ RP1[ RPO| (STATUS<6:5>)

= 00 — BankO
= 01 - Bankl
= 10 — Bank2
= 11 — Bank3

FIGURE 2-1: PIC16C781 PROGRAM
MEMORY MAP AND
STACK
PC<12:0>
CALL, RETURN [\X 13
RETFI E, RETLW [
Stack Level 1
Stack Level 2
.
Stack Level 8
RESET Vector 0000h
; <;:
Interrupt Vector 0004h
On-Chip 0005h
Progra Page 0
Memory 03FFh
0400h
1FFFh

Each bank extends up to 7Fh (128 bytes). The lower
locations of each bank are reserved for the Special
Function Registers. Above the Special Function Regis-
ters are the General Purpose Registers, implemented
as static RAM. All implemented banks contain Special
Function Registers. Some frequently used Special
Function Registers from one bank are mirrored in
another bank for code reduction and quicker access.

© 2001-2013 Microchip Technology Inc.
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PIC16C781/782

FIGURE 3-3: BLOCK DIAGRAM OF RA2/AN2/VREF2 PIN
RD ANSEL
Data Bus OQ
Data Reg.
e— D Q
VDD VDD
WR PORTA =
CKx-— Q D—d g RA2/AN2/VREF2
TRIS Reg. J @
e —{ A @1
WR TRISA ck_ O Vss Vss
RD TRISA
ANSEL Reg. /
»—— D Q
WR ANSEL ckL g
Data Reg.
/I Q D

EN
RD PORTA {>€ T

Analog Function Enable

fNZNREFZ (see Figure 1-3) ‘

o o
ANSEL<2> | TRISA<2> FUNCTION PORTA<2> READ
0 1 Digital In Pin
0 0 Digital Out Pin
1 X Analog In 0
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NOTES:
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PIC16C781/782

6.0 TIMER1 MODULE WITH GATE

CONTROL

The Timerl module timer/counter has the following
features:

16-bit timer/counter
(two 8-bit registers: TMR1H and TMR1L)

Readable and writable (both registers)

Internal or external clock select

Interrupt on overflow from FFFFh to 0000h

External enable input (T1G pin with TMR1GE bit = 1)

Option for Timerl to use LP oscillator if device is
configured to use INTRC w/o CLKOUT

Timer1 Control register (TLCON) is shown in Register 6-1.

Figure 6-2 is a simplified block diagram of the Timerl
module.

6.1 Timerl Operation

Timerl can operate in one of three modes:

1.
2.
3.

16-bit timer with prescaler.
16-bit synchronous counter.
16-bit asynchronous counter.

In Timer mode, Timerl is incremented on every instruc-
tion cycle. In Counter mode, Timerl is incremented on
the rising edge of the external clock input TLCKI (RA6/
OSC2/CLKOUT/T1CKI). In addition, the Counter mode
clock can be synchronized to the microcontroller clock
or run asynchronously.

In Counter and Timer modes, the counter/timer clock
can be gated by the T1G input.

If an external clock oscillator is needed (and the micro-
controller is using INTRC w/o CLKOUT), Timerl can
use the LP oscillator as a clock source.

Note 1: In Counter mode, the counter increments
on the rising edge of the clock.

EXAMPLE 6-1:

-k

*
*
I
*
*

TIMER1 INITIALIZATION

This code block will configure Timerl for
Pol l'ing, Ext gate of int clk (Fosc/4), &
1:1 prescaler.

Wait for TMRL overflow code included

BANKSEL TMR1L Sel ect Bank 0

CLRF TMRLL Clear TMRL LSB
CLRF TMR1IH Clear TMRL MSB
MOVLW B’ 01000000’ Gate, Ps 1:1
MOVWF T1CON Int clk

BSF T1CON, TMRION Enabl e tinmer

kKKK KA KRR AR A KRR AR KRR Ak kA hh ok ok khhkkh kA kA Ak A A Kk

c

Wait for TMRL overflow

T1_OVFL_WAIT

BANKSEL PI R1 Sel ect Bank O

TI_WAIT

TBFSS PI R1, TMRLI F Over f | ow?
GOoro TLWAIT If 0, again
BCF PI R1, TMRLI F Clear flag

© 2001-2013 Microchip Technology Inc.
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PIC16C781/782

6.2 Control Register TLCON

Control and configuration of Timerl is by means of the
T1CON register shown in Register 6-1.

Timerl is enabled by setting the TMR1ON bit
(TICON<0>). Clearing TMR1ON stops the timer, but
does not clear the Timer1 register.

The TMRI1CS bit (TLCON<1>) determines the Timer
mode. When TMR1CS is set, the timer is configured as
a counter and receives its clock from RA6/0SC2/
CLKOUT/T1CKI. When cleared, the timer is configured
as a timer and its clock is derived from Fosc/4.

The T1ISYNC bit (TLCON<2>) determines Timerl's syn-
chronization. If cleared, the timer clock is synchronized
to the system clock. If set, the timer is asynchronous.

The Timerl clock gate function is enabled by setting
the TMR1GE bit (TLCON<6>). When TMR1GE is set,
the T1G input will control the clock input to the timer/
counter. A low on the T1G input will cause Timerl to
increment at the clock rate, a high will hold the timer at
its present value.

The T1OSCEN bit (TLCON<3>) enables the LP oscil-
lator as a clock source for Timerl. This mode is a
replacement for the regular external oscillator.

T1CKPS<1:0> determines the prescaler value for the
timer. Available prescaler values are:

T1CKPS<1:0>
Prescaler Value
Bit 1 Bit 0
1 1 1:8
1 0 1:4
0 1 1:2
0 0 1:1

Note: To use the LP oscillator as the Timerl
oscillator:
1. TMR1CS must be set.
2. TIOSCEN must be set.
3. The Configuration Word must select

INTRC w/o CLKOUT.

DS41171B-page 56
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PIC16C781/782

9.1 Control Registers

The ADC module has three registers. These registers
are:

* ADC Result Register: ADRES
» ADC Control Register 0:  ADCONO
* ADC Control Register 1: = ADCON1

The ADCONO register, shown in Register 9-1, controls
the operations and input channel selection for the ADC
module. The ADCONL1 register, shown in Register 9-3,
selects the voltage reference used by the ADC module.
The ADRES register, shown in Register 9-2, holds the
8-bit result of the conversion.

Additional information on using the ADC module can be
found in the PIC Mid-Range MCU Family Reference
Manual (DS33023) and in Application Note AN546
(DS00546).

9.1.1 ADCONO REGISTER

The ADCONO register, shown in Register 9-1, controls
the following:

« Clock source and prescaler

¢ Input channel

« Conversion start/stop

¢ Enabling of the ADC module

Setting the ADON bit, ADCONO0<0>, enables the ADC
module. Clearing ADON disables the module and ter-
minates any conversion in process.

The ADCS<1:0> bits (ADCONO0<7:6>) determine the
clock source used by the ADC module.

The CHS<3:0> bits (ADCONO0<5:3,1>) determine the
input channel to the ADC module. CHS<3> specifically
determines whether the source is internal or external.
Setting the GO/DONE bit (ADCONO0<2>) initiates the

conversion process. The ADC clears this bit at the
completion of the conversion process.

REGISTER 9-1: ADC CONTROL REGISTER 0 (ADCONO: 1Fh)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/S-0 R/W-0 R/W-0
ADCS1 | ADCSO | CHS2 | CHSL | CHSO | GO/DONE | CHS3 | ADON
bit 7 bit 0
bit 7-6 ADCS<1:0>: ADC Conversion Clock Select bits
00 = Fosc/2
01 = Fosc/8
10 = Fosc/32
11 = ADRC (clock derived from a dedicated RC oscillator)
bit 5-3 CHS<2:0>: Analog Channel Select bits (select which channel to convert)
If CHS3 = 0: If CHS3 = 1:
000 = channel 0 (ANO) 000 = VR
001 = channel 1 (AN1) 001 = VDAC
010 = channel 2 (AN2) 010 = Reserved. Do not use.
011 = channel 3 (AN3) 011 = Reserved. Do not use.
100 = channel 4 (AN4) 100 = Reserved. Do not use.
101 = channel 5 (AN5) 101 = Reserved. Do not use.
110 = channel 6 (AN6) 110 = Reserved. Do not use.
111 = channel 7 (AN7) 111 = Reserved. Do not use.
bit 2 GO/DONE: ADC Conversion Status bit
1 = ADC conversion cycle in progress. Setting this bit starts an ADC conversion cycle.
0 = ADC conversion is not in progress (this bit is cleared by hardware when conversion is complete)
bit 1 CHS3: Analog Channel Select bit
1 = Internal channel selected for conversion
0 = External channel selected for conversion
bit 0 ADON: ADC On bit

1 = ADC enabled
0 = ADC disabled

Legend:

S = Settable bit

R = Readable bit

- n = Value at POR

W = Writable bit U=
"1’ = Bit is set ‘0’ = Bit is cleared

Unimplemented bit, read as ‘0’
X = Bit is unknown
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PIC16C781/782

FIGURE 9-2: ANALOG INPUT MODEL
VoD
Sampling
R VT = 0.6V , Switch
. Rs + ANx Ric<1lk ' SS Rss:
! MA : .
1 1 Wy 1
' - I ------- CHoLD
' ' PIN I L = DAC capacitance
@ ILEAKAGE P
L. B T VT =06V { y )+'500 nA =512 pF
= 1 vss
Legend: CPIN = input capacitance
VT = threshold voltage gg
ILEAKAGE = leakage current at the pin due to VDD 4V-
various junctions 3V.
Ric = interconnect resistance 2V-
SS = sampling switch
CHOLD = sample/hold capacitance (from DAC) 567891011
Sampling Switch
(k)
9.4 ADC Configuration and EXAMPLE 9-2: ADC CONVERSION

Conversion

Example 9-2 demonstrates an ADC conversion. The
RAO/ANO pin is configured as the analog input. The ref-
erence voltage selected is the device AVDD. The ADC
interrupt is enabled, and the ADC conversion clock is
ADRC.

Clearing the GO/DONE bit during a conversion aborts
the current conversion. The ADRES register is NOT
updated with the partially completed ADC conversion
sample. That is, the ADRES register continues to con-
tain the value of the last completed conversion (or the
last value written to the ADRES register). After the ADC
conversion is aborted, a 2TAD wait period is required
before the next acquisition is started. After this 2TAD
wait period, an acquisition is automatically started on
the selected channel.

Ckk kKK kK k kK kkkkkkkkkkkkkkkkkkkkkkkkkkk kX X k k% %

;* This code block will configure the ADC
;* for polling, AVDD as reference, RC clock
;* and RAO input.

;* Conversion start & wait for conplete
;* polling code included.

BANKSEL ADCON1 ; Select Bank 1
CLRF ADCON1 ; AVDD as VREF

BSF TRISA, 0 ; Set RAO as input
BSF ANSEL, 0 ; Set RAO as analog
BANKSEL ADCONO ; Select BankO0
MOVLW B’11000001"

MOVWF ADCONO ; RC, Ch 0, ADC on

;‘k*‘k**‘k*‘k‘k*‘k*********************************
;* Start & Wait for ADC complete, assumes

;* minimum acquisition delay from

;* configuration.

ADC_CNVRT
BANKSEL ADCONO ; Select Bank 0
BSF ADCONO, GO ; Start convert
ADC_CN_LOOP
BTFSC ADCONO, GO ; Test for end
GOTO ADC_CN LOOP; If not, wait
MOVF ADRES, W ; Get result

DS41171B-page 74

Preliminary

© 2001-2013 Microchip Technology Inc.



PIC16C781/782

9.4.1 FASTER CONVERSION/LOWER
RESOLUTION TRADE-OFF

Not all applications require a result having 8-bits of res-
olution. Some may instead, require a faster conversion
time. The ADC module allows users to make a trade-off
of conversion speed for resolution. Regardless of the
resolution required, the acquisition time is the same. To
speed up the conversion, the clock source of the ADC
module may be switched during the conversion, so that
the TAD time violates the minimum specified time (see
the applicable Electrical Specification). Once the switch
is made, all the following ADC result bits are invalid
(see ADC Conversion Timing in the Electrical Specifi-
cations section). The clock source may only be
switched between the three oscillator options (it cannot
be switched from/to RC). The equation to determine
the time before the oscillator must be switched for a
desired resolution is as follows:

Conversiontime= 2TAD + N « TAD + (8 - N)(2Tosc)
Where: N = number of bits of resolution required.

Since the TAD is based on the device oscillator, the user
must employ some method (such as a timer, software
loop, etc.) to determine when the ADC oscillator must
be changed.

9.5 ADC Operation During SLEEP

The ADC module can operate during SLEEP mode.
This requires that the ADC clock source be set to RC
(ADCS1:ADCSO = 11). When the RC clock source is
selected, the ADC module waits one instruction cycle
before starting the conversion. This allows the SLEEP
instruction to be executed, which eliminates all digital
switching noise from the conversion. When the conver-
sion is completed the GO/DONE bit is cleared, and the
result is loaded into the ADRES register. If the ADC
interrupt is enabled, the device awakens from SLEEP.
If the ADC interrupt is not enabled, the ADC module is
turned off, although the ADON bit remains set.

When the ADC clock source is another clock option
(not RC), a SLEEP instruction causes the present con-
version to be aborted and the ADC module to be turned
off. The ADON bit remains set.

Turning off the ADC places the ADC module in its low-
est current consumption state.

Note:  For the ADC module to operate in SLEEP,
the A/D clock source must be set to RC
(ADCS1:ADCSO0 = 11). To perform an ADC
conversion in SLEEP, ensure the SLEEP
instruction immediately follows the instruc-

tion that sets the GO/DONE bit.

9.6 ADC Accuracy/Error

The absolute accuracy (absolute error) specified for the
ADC converter includes the sum of all contributions for:

Offset error

Gain error

Quantization error

Integral non-linearity error
Differential non-linearity error
Monotonicity

The absolute error is defined as the maximum devia-
tion from an actual transition versus an ideal transition
for any code. The absolute error of the ADC converter
is specified as < +1 LSb for ADCREF = VDD (over the
device’'s specified operating range). However, the
accuracy of the ADC converter degrades as VDD
diverges from VREF.

For a given range of analog inputs, the output digital
code will be the same. This is due to the quantization of
the analog input to a digital code. Quantization error
is typically + 1/2 LSb and is inherent in the analog to
digital conversion process. The only way to reduce
quantization error is to use an ADC with greater resolu-
tion of the ADC converter.

Offset error measures the first actual transition of a
code versus the first ideal transition of a code. Offset
error shifts the entire transfer function. Offset error can
be calibrated out of a system, or introduced into a sys-
tem, through the interaction of the total leakage current
and source impedance at the analog input.

Gain error measures the maximum deviation of the
last actual transition and the last ideal transition
adjusted for offset error. This error appears as a
change in slope of the transfer function. The difference
in gain error to full scale error is that full scale does not
take offset error into account. Gain error can be cali-
brated out in software.

Linearity error refers to the uniformity of the code
changes. Linearity errors cannot be calibrated out of
the system. Integral non-linearity error measures the
actual code transition versus the ideal code transition,
adjusted by the gain error for each code. Differential
non-linearity measures the maximum actual code
width versus the ideal code width. This measure is
unadjusted.

If the linearity errors are very large, the ADC may
become non-monotonic. This occurs when the digital
values for one or more input voltages are less than the
value for a lower input voltage.

© 2001-2013 Microchip Technology Inc.
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FIGURE 11-2: AUTO CALIBRATION MODULE BLOCK DIAGRAM
OPA- 0,
DS N 0 OPA
OPA+ 0, oA~ 7 1
__lo‘g .
CALREF

1.2V nominal

Automatic Calibration Module

DAC
Module

REGISTER 11-2:

CALIBRATION CONTROL REGISTER (CALCON: 110h)

RIS-0 R-0 RIW-0 u-o U-0 u-0 u-0 U-0
CAL [CALERR[CALREF | — [ — — | = —
bit 7 bit 0
bit 7 CAL: Start and Status bit

1 = Initiates a calibration
0 = Reserved (CAL is cleared by hardware)

bit 6 CALERR: Calibration Error Indicator bit
1 = Error occurred, OPAMP failed
0 = No error

bit 5 CALREF: Calibration Voltage Select bit

1 = VDAC set to desired common voltage reference
0 = 1.2V nominal source (internal voltage source)

Note:  VDAC must not exceed OPAMP maximum common mode voltage.

bit 4-0 Reserved: Do not use

Legend:

S = Cleared by hardware
R = Readable bit

- n = Value at POR

W = Writable bit
1’ = Bit is set

U = Unimplemented bit, read as ‘0’
'0’ = Bit is cleared

X = Bit is unknown

© 2001-2013 Microchip Technology Inc. Prelimi nary
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11.2 Configuration as OPAMP or
Comparator

The following example demonstrates calibration of the
OPA module as an Operational Amplifier.

EXAMPLE 11-1: CALIBRATION FOR
OPAMP MODE

* This code block will configure the OPA
* module as an Op Anp, 2 MHz GBWP, and
;* calibrated for a coompn node vol tage of
* 1.2V. Routine returns w=0 if
* calibration good.
BANKSEL OPACON ; Select Bank 2
; Op Amp node &

MOVLW B’ 10000001’
MOVWF OPACON 2 MHz GBWP
BCF CALCON, CALREF; Set 1.2V
BSF CALCON, CAL ; Start

CAL_LOOP
BTFSC CALCON, CAL ; Test for end
GOro CAL_LOOP ; If not, wait
MOVLW ERROR_FLAG
BTFSS CALCON, CALERR; Test for error
CLRW ; If no, return O
RETURN

The following example demonstrates how to configure
and calibrate the OPA module as a Voltage Comparator.
EXAMPLE 11-2: CALIBRATION FOR

COMPARATOR MODE

;* This code block will configure the OPA

;* nodule as a voltage conparator, slow

;* speed, and calibrated for a commmon node

;* voltage of 2.5 V (assunes VDD=5V).

;* Routine returns w=0 if calibration good.
BANKSEL OPACON Sel ect Bank 2
MOVLW B’ 10000000’

MOVWF OPACON Op Anp node,
; slow
BSF CALCON, CALREF; Common node=DAC
MOVLW H 0x80’
MOVWF DAC DAC at VDD 2
MOVLW B’ 10000000’
MOVWF DACONO enabl e DAC,
; VDD ref
BSF CALCON, CAL ; Start

CAL_LOOP
BTFSC CALCON, CAL ; Test for end
GOTO CAL_LCOP ;o If not, wait
MOVLW ERROR_FLAG
BTFSS CALCON, CALERR; Test for error
CLRW ; If no, return O
BSF OPACON, CWPEN ; Conpar at or node
RETURN

11.3 Effects of RESET

A device RESET forces all registers to their RESET
state. This disables the OPA module and clears any
calibration.

11.4 OPA Module Performance

Common AC and DC performance specifications for
the OPA module:

« Common Mode Voltage Range
« Leakage Current

« Input Offset Voltage

* Open Loop Gain

» Gain Bandwidth Product

Common mode voltage range is the specified voltage
range for the OPA+ and OPA- inputs, for which the OPA
module will perform to within its specifications. The
OPA module is designed to operate with input voltages
between 0 and VDD-1.4V. Behavior for Common mode
voltages greater than VbD-1.4V, or below 0V, are not
guaranteed.

Leakage current is a measure of the small source or
sink currents on the OPA+ and OPA- inputs. To mini-
mize the effect of leakage currents, the effective imped-
ances connected to the OPA+ and OPA- inputs should
be kept as small as possible and equal.

Input offset voltage is a measure of the voltage differ-
ence between the OPA+ and OPA- inputs in a closed
loop circuit with the OPA in its linear region. The offset
voltage will appear as a DC offset in the output equal to
the input offset voltage, multiplied by the gain of the cir-
cuit. The input offset voltage is also affected by the
Common mode voltage. The OPA has an automatic
calibration module which can minimize the input offset
voltage of the module.

Open loop gain is the ratio of the output voltage to the
differential input voltage, (OPA+) - (OPA-). The gain is
greatest at DC and falls off with frequency.

Gain Bandwidth Product or GBWP is the frequency
at which the open loop gain falls off to 0 dB. The lower
GBWP is optimized for systems requiring low fre-
quency response and low power consumption.
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12.1.2.2  Control Register CM2CON1

Comparator C2 has one additional feature: its output
can be synchronized to the Timerl clock input. Setting
C2SYNC (CM2CON1<0>) synchronizes the output of
Comparator 2 to the falling edge of Timer 1's clock input
(see Figure 12-1 and Register 12-3).

The CM2CONL1 register also contains mirror copies of
both comparator outputs, MC1OUT and MC20UT
(CM2CON1<7:6>). The ability to read both outputs
simultaneously from a single register eliminates the
timing skew of reading separate registers.

REGISTER 12-3: COMPARATOR C2 CONTROL REGISTER1 (CM2CONL1: 11Bh)

R-0 R-0 u-0 U-0 u-0 U-0 U-0 R/W-0
MC1OUT [MC20UT| — — | — [ = ] = TJeasyne
bit 7 bit 0
bit 7 MC1OUT: Mirror Copy of C1OUT (CM1CONO0<6>)
bit 6 MC20UT: Mirror Copy of C20UT (CM2CONO0<6>)
bit 5-1 Unimplemented: Read as '0’
bit 0 C2SYNC: C2 Output Synchronous Mode bit

1 = C2 output is synchronous to falling edge of TMR1 clock

0 = C2 output is asynchronous

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
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EXAMPLE 12-3: WINDOW COMPARATOR

* Exanpl e of Low Power W ndow Conparator Cl
* This code block will configure Conparator
* Cl and C2 for slow speed, Cl non invert,
;* C2 invert, input on AN4, and external
* References

*

*

*

Interrupt service routine included

BANKSEL TRI SA ; Select Bank 1
BSF TRI SA, 2 ; RA2 input

BSF TRI SA, 3 ; RA3 input

BSF TRI SB, 0 ; Set RBO

BSF ANSEL, AN2 ; RA2 anal og

BSF ANSEL, AN3 ; RA3 anal og

BSF ANSEL, ANA ; RB4 anal og
BANKSEL CMLCONO ; Sel ect Bank 2
MOVLW B’ 10000000’ ; C1: no out put
MOVWF CMLCONO i VREF1, ANA
MOVLW B’ 10010000’ ; C2: no out put
MOVWF CM2CONO ; invert, VREF1, AN
BANKSEL Pl E1 ; Select Bank 1
BCF INTCON, G E ; Disable Int

BSF PIE1,ClIE ; Enabl Cl&22 Ints
BSF Pl E1, C2I E

BSF | NTCON, PEI E

BSF INTCON, G E ; Enabl dobal Ints

R R L]

;* W NDOW COVPARATCOR | SR wi t h context save

WC_I NT_SRV_R
MOVWF W _SAVE ; Save W& STATUS
SWAPF STATUS, W
MOVWF STATUS_SAV
BANKSEL PI R1 ; Sel ect Bank 0
MOVLW B’ 00110000’ ; Save Int
ANDWF PIR1, W
MOVWF W N_I NT

;¥** CLEAR C1 | NTERRUPT

BTFSS WN_INT,CLIF;, ClL Int ?

GOTO TST_C2_I NT

BANKSEL CMLCONO ; Sel ect Bank 2
MOVF CMLCONO, F; Clear C2 misnatch
BANKSEL PI R1 ; Sel ect Bank 0O
BCF PIRL, ClIF ; Clear C2 Int

;¥** CLEAR C2 | NTERRUPT

TXT_C2_I NT
BTFSS WN_INT,CIF;, C2int?
GOTO USER_| SR
BANKSEL CM2CONO ; Sel ect Bank 2
MOVF CM2CONO, F; Clear C2 misnatch
BANKSEL Pl R1 ; Select Bank 0
BCF PIRL,ClIF ; Clear C int
USER_I SR

;¥** USER | NTERRUPT ROUTI NG

-

SWAPF STATUS_SAVE, W Restore W&
STATUS

MOVWF STATUS

SWAPF W SAVE, F

SWAPF W SAVE, W

RETFI E ; Return
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12.3 Effects of RESET

A RESET forces all registers to their RESET state. This
disables both comparators.

TABLE 12-2: REGISTERS ASSOCIATED WITH THE COMPARATOR MODULE

. . . . . . . . Value on: Value on
Address| Name Bit7 Bit 6 Bit5 Bit4 | Bit3 | Bit2 Bit1 Bit 0 POR. BOR all other
’ RESETS
119h CM1CONO | C1ON | C1OUT | C1OE |C1POL| C1SP | C1R | CICH1 | CICHO |0000 0000 | 0000 0000
11Ah CM2CONO | C20N | C20UT | C20E |C2POL| C2SP | C2R | C2CH1 | C2CHO |0000 0000 | 0000 0000
11Bh CM2CON1 | MC10UT |MC20UT — — — — — C2SYNC | 00-- --- 0 00-- ---0
85h TRISA PORTA Data Direction Register 1111 1111 | 1111 1111
86h TRISB PORTB Data Direction Register 1111 1111 | 1111 1111
05h PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO xxxx 0000 | uuuu 0000
06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO xxxx 0000 | uuuu 0000
9Dh ANSEL AN7 AN6 AN5 AN4 AN3 AN2 AN1 ANO 1111 1111 1111 1111
0Ch PIR1 LVDIF ADIF C2IF | ClIF — — — TMR1ON | 0000 ---0| 0000 ---0
8Ch PIE1 LVDIE ADIE C2IE ClIE — — — TMRLIE | 0000 ---0 0000 ---0
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used for comparator.
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14.4 Power-on Reset (POR)

A Power-on Reset pulse is generated on-chip when a
VDD rise is detected (in the range of 1.5V - 2.1V). To
take advantage of the POR, simply enable the internal
MCLR feature. This eliminates external RC compo-
nents usually needed to create a Power-on Reset. A
maximum rise time for VDD is specified. See
Section 17.0 for details. For a slow rise time, see
Figure 14-5.

Two delay timers (PWRT on OST) are provided, which
hold the device in RESET after a POR (dependent
upon device configuration), so that all operational
parameters have been met prior to releasing the device
to resume/begin normal operation.

When the device starts normal operation (exits the
RESET condition), device operating parameters (i.e.,
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 con-
ditions are met. Brown-out Reset may be used to meet
the start-up conditions, or if necessary an external POR
circuit may be implemented to delay end of RESET for
as long as needed.
FIGURE 14-5: EXTERNAL POWER-ON
RESET CIRCUIT (FOR
SLOW Vbb RAMP)

PIC16C781/782
D R
R1
A MCLR
f C

Note 1: External Power-on Reset circuit is required
only if VDD power-up slope is too slow. The
diode D helps discharge the capacitor quickly
when VDD powers down.

2: R<40kQ is recommended to make sure that
voltage drop across R does not violate the
device’s electrical specification.

3: R1=100Q to 1 kQ will limit any current flow-
ing into MCLR from external capacitor C in
the event of MCLR pin breakdown due to
Electrostatic Discharge (ESD) or Electrical
Overstress (EOS).

14.5 Power-up Timer (PWRT)

The Power-up Timer provides a fixed TPWRT time-out
on power-up type RESETS only. For a POR, the PWRT
is invoked when the POR pulse is generated. For a
BOR, the PWRT is invoked when the device exits the
RESET condition (VDD rises above BOR trip point).
The Power-up Timer operates on an internal RC oscil-
lator. The chip is kept in RESET as long as the PWRT
is active. The PWRT'’s time delay is designed to allow
VDD to rise to an acceptable level. A configuration bit
(PWRT) is provided to enable/disable the PWRT for the
POR only. For a BOR the PWRT is always available
regardless of the configuration bit setting.

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

14.6 Programmable Brown-out Reset
(PBOR)

The Programmable Brown-out Reset module is used to
generate a RESET when the supply voltage falls below
a specified trip voltage. The trip voltage is configurable
to any one of four voltages provided by the BORV<1:0>
configuration word bits.

Configuration bit BODEN can disable (if clear/pro-
grammed), or enable (if set), the Brown-out Reset cir-
cuitry. If VbD falls below the specified trip point for
longer than TBOR (see Parameter 35, Section 17.0,
Table 17-6), the brown-out situation resets the chip. A
RESET may not occur if VDD falls below the trip point
for less than TBOR. The chip remains in Brown-out
Reset until VDD rises above VBOR. The Power-up Timer
is invoked at that point and keeps the chip in RESET an
additional TPwWRT. If VDD drops below VBOR while the
Power-up Timer is running, the chip goes back into a
Brown-out Reset and the Power-up Timer is re-
initialized. Once VDD rises above VBOR, the Power-up
Timer again begins a TPWRT time delay.

14.7 Time-out Sequence

On power-up, the time-out sequence is as follows:
First, PWRT time-out is invoked by the POR pulse.
When the PWRT delay expires, the Oscillator Start-up
Timer is activated. The total time-out varies depending
on oscillator configuration and the status of the PWRT.
For example, in RC mode with the PWRT disabled,
there is no time-out at all. Figure 14-6, and Figure 14-9
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 expire. Then,
bringing MCLR high begins execution immediately.
This is useful for testing purposes or to synchronize
more than one PIC microcontroller operating in parallel.

Table 14-5 shows the RESET conditions for some spe-
cial function registers.
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REGISTER 14-2: POWER CONTROL REGISTER (PCON: 8Eh)

u-0 U-0 u-0 R/W-q R/W-1 U-0 RW-q  R/W-X
— — — [wpton]| oscF | — POR | BOR
bit 7 bit 0
bit 7-5 Unimplemented: Read as '0'
bit 4 WDTON: WDT Software Enable bit

If WDTE bit (Configuration Word <3>) = 1:
This bit is not writable, always reads ‘1’
If WDTE bit (Configuration Word <3>) = 0:
1 =WDT is enabled
0 = WDT is disabled and cleared
bit 3 OSCF: Oscillator Speed bit (pending on new internal oscillator decision)
INTRC mode:
1 =4 MHz typical
0 = 37 kHz typical
All other oscillator modes:

Ignored
bit 2 Unimplemented: Read as '0'
bit 1 POR: Power-on Reset Status bit

1 = No Power-on Reset occurred
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)
bit 0 BOR: Brown-out Reset Status bit

1 = No Brown-out Reset occurred
0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bit is set '0’ = Bit is cleared

x = Bit is unknown ’q’ = Value depends on condition

TABLE 14-4: STATUS BITS AND THEIR SIGNIFICANCE

POR | BOR | TO | PD Bit Significance
0 1 1 1 Power-on Reset
0 x 0 x| lllegal, TO is set on POR
0 x x 0 | lllegal, PD is set on POR
1 0 1 1 | Brown-out Reset
1 1 0 1 | WDT Reset
1 1 0 0 | WDT Wake-up
1 1 u | u | MCLR Reset during normal operation
1 1 1 0 | MCLR Reset during SLEEP or interrupt wake-up from SLEEP
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DEVELOPMENT TOOLS FROM MICROCHIP
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TABLE 17-5: INTERNAL RC OSCILLATOR CALIBRATED FREQUENCIES PIC16C781/782,
DSTEMP

Standard Operating Conditions (unless otherwise specified)
AC Characteristics Operating Temperature —40xC < TA < +85°C (industrial)
Operating Voltage VDD range is described in Section 17-1.

Parameter

No Sym Characteristic Min Typ(l) Max | Units Conditions

Internal Calibrated RC Frequency | 3.65| 4.00 | 4.28 | MHz |VDD = 5.0V

Internal Calibrated RC Frequency |3.55*| 4.00 | 4.31* | MHz |VDD = 2.5V

* These parameters are characterized but not tested.
Note 1: Data in the Typical (“Typ”) column is at 5V, 25°C unless otherwise stated. These parameters are for design
guidance only and are not tested.

FIGURE 17-6: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING
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Note 1: Referto Figure 17-3 for load conditions.
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FIGURE 17-7: BROWN-OUT RESET TIMING
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20-Lead Plastic Shrink Small Outline (SS) — 209 mil, 5.30 mm (SSOP)

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

|
IR

N

L
N
L O

|
r AR T

Al
ﬁ\—
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 20 20

Pitch p .026 0.65

Overall Height A .068 .073 .078 1.73 1.85 1.98
Molded Package Thickness A2 .064 .068 .072 1.63 1.73 1.83
Standoff § Al .002 .006 .010 0.05 0.15 0.25
Overall Width E .299 .309 .322 7.59 7.85 8.18
Molded Package Width El 201 .207 212 5.11 5.25 5.38
Overall Length D .278 .284 .289 7.06 7.20 7.34
Foot Length L .022 .030 .037 0.56 0.75 0.94
Lead Thickness c .004 .007 .010 0.10 0.18 0.25
Foot Angle ¢ 0 4 8 0.00 101.60 203.20
Lead Width B .010 .013 .015 0.25 0.32 0.38
Mold Draft Angle Top o 0 5 10 0 5 10
Mold Draft Angle Bottom B 0 5 10 0 5 10

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MO-150

Drawing No. C04-072
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