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PIC16C77X

2.2.2.8 PCON REGISTER Note: BOR is unknown on Power-on Reset. It
The Power Control (PCON) register contains a flag bit VEL 125 Lo53 SiEE 27 U U537 EhE Eled el
to allow differentiation between a Power-on Reset on su_bst_equt_ent resets to see if BOR is
(POR) to an external MCLR Reset or WDT Reset. clear, indicating a brown-out tlwas occurred.
Those devices with brown-out detection circuitry con- The BOR status bit is a don't care and is
tain an additional bit to differentiate a Brown-out Reset n_ot n_ec_:ess_anly predlctable}fthe brown-out
condition from a Power-on Reset condition. circuit is disabled (by clearing the BODEN
bit in the Configuration word).
FIGURE 2-10: PCON REGISTER (ADDRESS 8Eh)
U-0 U-0 U-0 U-0 U-0 U-0 R/W-0 R/W-1
[ — [ = T =T =1 = 1 = ] vrorm BOR | [R = Readable bit
bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
- n = Value at POR reset
bit 7-2: 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)
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TABLE 3-3 PORTB FUNCTIONS

Name Bit# Buffer Function

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

RB1/SS bit1 TTL/ST® | Input/output pin or SSP slave select. Internal software programmable
weak pull-up.

RB2/AN8 bit2 TTL Input/output pin or analog input8. Internal software programmable
weak pull-up.

RB3/AN9/LVDIN bit3 TTL Input/output pin or analog input9 or Low-voltage detect input. 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 bite | 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.
3: This buffer is a Schmitt Trigger input when used as the SSP slave select.

TABLE 3-4 SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Value on: Value on all

Address | Name Bit 7 Bit 6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0 POR,
other resets

BOR
06h, 106h | PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO |xxxx 11xx | uuuu 1lluu
86h, 186h | TRISB PORTB Data Direction Register 1111 1111 | 1111 1111
81h, 181h | OPTION_REG | RBPU | INTEDG | TOCS | TOSE PSA PS2 PS1 PSO |1111 1111|1111 1111
9Fh ADCON1 ADFM | VCFG2 | VCFG1 | VCFGO | PCFG3 | PCFG2 | PCFG1 | PCFGO | 0000 0000 | 0000 0000

Legend: x =unknown, u = unchanged. Shaded cells are not used by PORTB.

© 1999-2013 Microchip Technology Inc.
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3.4 PORTD and TRISD Registers

This section is applicable to the 40/44-pin devices only.

FIGURE 3-10: PORTD BLOCK DIAGRAM (IN

I/0 PORT MODE)

PORTD is an 8-bit port with Schmitt Trigger input buf- pata .
fers. Each pin is individually configurable as an input or WR ; H‘E
output. PORT “ 1/0 pin™
CK

PORTD can be configured as an 8-bit wide micropro-
cessor port (parallel slave port) by setting control bit Data Latch

PSPMODE (TRISE<4>). In this mode, the input buffers » D Q
are TTL. WR

TRIS c Schmitt
oK Trigger %7
TRIS Latch et
RD TRIS
Q D
EN
RD PORT >° —‘
Note 1: 1/O pins have protection diodes to VDD and Vss.

TABLE 3-7 PORTD FUNCTIONS

Name Bit# Buffer Type Function

RDO/PSPO bit0 staTLM Input/output port pin or parallel slave port bit0

RD1/PSP1 bit1 sTaTLM Input/output port pin or parallel slave port bit1

RD2/PSP2 bit2 sTTLM Input/output port pin or parallel slave port bit2

RD3/PSP3 bit3 staTLM Input/output port pin or parallel slave port bit3

RD4/PSP4 bit4 STATL! Input/output port pin or parallel slave port bit4

RD5/PSP5 bit5 sTaTLM Input/output port pin or parallel slave port bits

RD6/PSP6 bit6 sT/TTLM Input/output port pin or parallel slave port bité

RD7/PSP7 bit7 staTLM Input/output port pin or parallel slave port bit7

Legend: ST = Schmitt Trigger input TTL = TTL input
Note 1: Input buffers are Schmitt Triggers when in 1/0 mode and TTL buffer when in Parallel Slave Port Mode.

TABLE 3-8 SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Value on: Value on all

Address |[Name | Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
other resets

BOR
08h PORTD | RD7 | RD6 | RD5 RD4 RD3 RD2 RD1 RDO XXXX XXXX | uuuu uuuu
88h TRISD | PORTD Data Direction Register 1111 1111 | 1111 1111
8oh TRISE | 1BF | OBF | 1BOV [ PSPMODE | — | PORTE Data Direction Bits 0000 -111 | 0000 -111

Legend: x =unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by PORTD.
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5.2 Timer1 Oscillator

A crystal oscillator circuit is built in between pins T10SI
(input) and T10SO (amplifier output). It is enabled by
setting control bit TTOSCEN (T1CON<3>). The oscilla-
tor is a low power oscillator rated up to 200 kHz. It will
continue to run during SLEEP. It is primarily intended
for a 32 kHz crystal. Table 5-1 shows the capacitor
selection for the Timer1 oscillator.

The Timer1 oscillator is identical to the LP oscillator.
The user must provide a software time delay to ensure
proper oscillator start-up.

TABLE 5-1 CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Osc Type Freq C1 c2
LP 32 kHz 33 pF 33 pF
100 kHz 15 pF 15 pF
200 kHz 15 pF 15 pF

These values are for design guidance only.

Crystals Tested:

32.768 kHz | Epson C-001R32.768K-A |+ 20 PPM
100 kHz Epson C-2 100.00 KC-P + 20 PPM
200 kHz STD XTL 200.000 kHz + 20 PPM

Note 1: Higher capacitance increases the stability
of oscillator but also increases the start-up
time.

2: Since each resonator/crystal has its own
characteristics, the user should consult the
resonator/crystal manufacturer for appropri-
ate values of external components.

TABLE 5-2

5.3 Timer1 Interrupt

The TMR1 Register pair (TMR1H:TMR1L) increments
from 0000h to FFFFh and rolls over to 0000h. The
TMR1 Interrupt, if enabled, is generated on overflow
which is latched in interrupt flag bit TMR1IF (PIR1<0>).
This interrupt can be enabled/disabled by setting/clear-
ing TMR1 interrupt enable bit TMR1IE (PIE1<0>).

5.4 Resetting Timer1 using a CCP Trigger
Output

If the CCP module is configured in compare mode to
generate a “special event trigger" (CCP1M3:CCP1MO
=1011), this signal will reset Timer1 and start an A/D
conversion (if the A/D module is enabled).

Note: The special event triggers from the CCP1
module will not set interrupt flag bit

TMR1IF (PIR1<0>).

Timer1 must be configured for either timer or synchro-
nized counter mode to take advantage of this feature. If
Timer1 is running in asynchronous counter mode, this
reset operation may not work.

In the event that a write to Timer1 coincides with a spe-
cial event trigger from CCP1, the write will take prece-
dence.

In this mode of operation, the CCPR1H:CCPRI1L regis-
ters pair effectively becomes the period register for
Timert.

REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER

Value on: Value on

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR resets

0Bh,8Bh, INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x [ 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIF™" | ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF | 0000 0000 | 0000 0000
8Ch PIE1 PSPIE(" | ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE | 0000 0000 | 0000 0000
OEh TMR1L | Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXX XXXX | uuuu uuuu
OFh TMR1H | Holding register for the Most Significant Byte of the 16-bit TMR1 register XXXX XXXX | uuuu uuuu
10h T1CON = l = | T1CKPS1 | TICKPSO | TIOSCEN | T1SYNC | TMR1CS | TMR1ON | --00 0000 | --uu uuuu
Legend: x = unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by the Timer1 module.
Note 1: These bits are reserved on the 28-pin devices, always maintain these bits clear.
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6.0 TIMER2 MODULE

The Timer2 module timer has the following features:

¢ 8-bit timer (TMR2 register)

* 8-bit period register (PR2)

¢ Readable and writable (Both registers)

* Software programmable prescaler (1:1, 1:4, 1:16)

* Software programmable postscaler (1:1 to 1:16)

* Interrupt on TMR2 match of PR2

¢ SSP module optional use of TMR2 output to gen-
erate clock shift

Timer2 has a control register, shown in Figure 6-1.
Timer2 can be shut off by clearing control bit TMR20N
(T2CON<2>) to minimize power consumption.

Figure 6-2 is a simplified block diagram of the Timer2
module.

Additional information on timer modules is available in

6.1 Timer2 Operation

Timer2 can be used as the PWM time-base for PWM
mode of the CCP module.

The TMR2 register is readable and writable, and is
cleared on any device reset.

The input clock (Fosc/4) has a prescale option of 1:1,
1:4 or 1:16, selected by control bits
T2CKPS1:T2CKPSO0 (T2CON<1:0>).

The match output of TMR2 goes through a 4-bit post-
scaler (which gives a 1:1 to 1:16 scaling inclusive) to
generate a TMR2 interrupt (latched in flag bit TMR2IF,
(PIR1<15)).

The prescaler and postscaler counters are cleared
when any of the following occurs:

* a write to the TMR2 register

* a write to the T2CON register

the PICmicro™ Mid-Range Reference Manual, * any device reset (Power-on Reset, MCLR reset,
(DS33023). Watchdog Timer reset, or Brown-out Reset)
TMR2 is not cleared when T2CON is written.
FIGURE 6-1: T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)
U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— TOUTPS3|TOUTPS2{TOUTPS1|TOUTPS0| TMR20ON |T20KPS1 \TZCKPSO\ R = Readable bit
bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
- n = Value at POR reset
bit 7: Unimplemented: Read as '0'
bit 6-3: TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits
0000 = 1:1 Postscale
0001 = 1:2 Postscale
1111 = 1:16 Postscale
bit 2: TMR20ON: Timer2 On bit
1 =Timer2 is on
0 = Timer2 is off
bit 1-0: T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits

00 = Prescaleris 1
01 = Prescaler is 4
1x = Prescaler is 16

© 1999-2013 Microchip Technology Inc.
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determine when the transmission/reception has com-
pleted. The SSPBUF must be read and/or written. If the
interrupt method is not going to be used, then software
polling can be done to ensure that a write collision does
not occur. Example 8-1 shows the loading of the
SSPBUF (SSPSR) for data transmission.

EXAMPLE 8-1: LOADING THE SSPBUF
(SSPSR) REGISTER

BSF STATUS, RPO ;Specify Bank 1

LOOP BTFSS SSPSTAT, BF ;Has data been
;received
; (transmit

;complete) ?

GOTO LOOP ;iNo

BCF STATUS, RPO ;Specify Bank 0

MOVF SSPBUF, W ;W reg = contents
jof SSPBUF

MOVWF RXDATA
MOVF TXDATA, W

;jSave in user RAM
;W reg = contents
; of TXDATA

MOVWF SSPBUF ;New data to xmit

The SSPSRis not directly readable or writable, and can
only be accessed by addressing the SSPBUF register.
Additionally, the MSSP status register (SSPSTAT) indi-
cates the various status conditions.

8.1.2  ENABLING SPI I/O

To enable the serial port, MSSP Enable bit, SSPEN
(SSPCON<5>) must be set. To reset or reconfigure SPI
mode, clear bit SSPEN, re-initialize the SSPCON reg-
isters, and then set bit SSPEN. This configures the

FIGURE 8-5: SPI MASTER/SLAVE CONNECTION

SDI, SDO, SCK, and SS pins as serial port pins. For the
pins to behave as the serial port function, some must
have their data direction bits (in the TRIS register)
appropriately programmed. That is:

¢ SDI is automatically controlled by the SPI module

¢ SDO must have TRISC<5> cleared

¢ SCK (Master mode) must have TRISC<3>
cleared

¢ SCK (Slave mode) must have TRISC<3> set

« SS must have TRISA<5> set

Any serial port function that is not desired may be over-
ridden by programming the corresponding data direc-
tion (TRIS) register to the opposite value.

8.1.3  TYPICAL CONNECTION

Figure 8-5 shows a typical connection between two
microcontrollers. The master controller (Processor 1)
initiates the data transfer by sending the SCK signal.
Data is shifted out of both shift registers on their pro-
grammed clock edge, and latched on the opposite edge
of the clock. Both processors should be programmed to
same Clock Polarity (CKP), then both controllers would
send and receive data at the same time. Whether the
data is meaningful (or dummy data) depends on the
application software. This leads to three scenarios for
data transmission:

¢ Master sends data — Slave sends dummy data
* Master sends data — Slave sends data
* Master sends dummy data — Slave sends data

: SPI Master SSPM3:SSPMO = 00xxb : : SPI Slave SSPM3:SSPMO = 010xb :
| SDO | __ | soi |
| | A | |
| | | |
! Serial Input Buffer ! ! Serial Input Buffer

[ (SSPBUF) [ [ (SSPBUF) [
| | | |
| | | |
| | | |
! ﬁ ! ! ﬁ !
| | | |
| Shift Register SDI | - | Sbo Shift Register |
| (SSPSR) | | (SSPSR) |
| | | |
| MSb LSb | | MSb LSb [
| | | |
| , Serial Clock | |
‘ SCK ; | SCK ‘
| PROCESSOR 1 | | PROCESSOR 2 |
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FIGURE 8-24: REPEATED START CONDITION FLOWCHART (PAGE 2)

rollover?

Force SDA =0,
Load BRG with

SSPADD<6:0>

Yes

Force SCL =0,
Reset BRG Repeated Start
condition done,

Clear RSEN,

Set SSPIF.

A
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FIGURE 8-30: ACKNOWLEDGE FLOWCHART

Idle mode -
Set AKEN

Force SCL =0

—

Yes

No

Yes Force SCL = 0,
Yes —» Reset BRG Clear AKEN, -

Set SSPIF

Drive AKDT bit
(SSPCON2<55) No
onto SDA pin,
Load BRG with
SSPADD<6:0>,

start count. No
-
—
Yes
BRG
rollover?
Yes
Yes
No
Force SCL =1
> Bus collision detected,
Set BCLIF,
Release SCL,
Clear AKEN
No
(Clock Arbitration)
Yes

Load BRG with
SSPADD <6:0>,
start count.
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FIGURE 8-36: BUS COLLISION DURING START CONDITION (SCL = 0)

SDA =0, SCL=1

SDA N

Set SEN, enable start N
ScL sequence if SDA=1,SCL=1 >

T— SCL = 0 before SDA =0,

SEN Bus collision occurs, Set BCLIF.

SCL = 0 before BRG time out, j
Bus collision occurs, Set BCLIF.

BCLIF \ -
Interrupts cleared
T_ in software.
S |01 |01
SSPIF 0 ‘o'

FIGURE 8-37: BRG RESET DUE TO SDA COLLISION DURING START CONDITION

SDA =0, SCL = 1
l SetS l Set SSPIF
v

Less than Tgag
BRG I F__Tl_‘TBRG I

SDA SDA pulled low by other mdster. 1
Reset BRG and assert SD44‘> l . !
1

L |
T |
I |
SCL : LS | \\—
| ; L SCL pulled low after BRG
| Timeout
SEN 1 |
L Set SEN, enable start
BCLIE 'O sequence if SDA =1, SCL =1
! }
| |
| |
s |
|
SSPIF |
SDA=0,SCL=1 L Interrupts cleared
Set SSPIF — in software.
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ADDRESSABLE UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) module is one of the two serial
I/0 modules. (USART is also known as a Serial Com-
munications Interface or SCI). The USART can be con-
figured as a full duplex asynchronous system that can
communicate with peripheral devices such as CRT ter-
minals and personal computers, or it can be configured
as a half duplex synchronous system that can commu-
nicate with peripheral devices such as A/D or D/A inte-
grated circuits, Serial EEPROMSs etc.

The USART can be configured in the following modes:
¢ Asynchronous (full duplex)

¢ Synchronous - Master (half duplex)

¢ Synchronous - Slave (half duplex)

Bit SPEN (RCSTA<7>), and bits TRISC<7:6>, have to
be set in order to configure pins RC6/TX/CK and RC7/

RX/DT as the Universal Synchronous Asynchronous
Receiver Transmitter.

The USART module also has a multi-processor com-
munication capability using 9-bit address detection.

FIGURE 9-1: TXSTA: TRANSMIT STATUS AND CONTROL REGISTER (ADDRESS 98h)
RW-0 R/MW-0 R/W-0 R/W-0 U-0 R/W-0 R-1 R/W-0
[csRc [ X9 | TXEN [ sYNc [ — [ BRGH | TRMT | TX9D | [R= Readable bit
bit7 bito | W = Writable bit
U = Unimplemented bit,
read as ‘0’
- n =Value at POR reset
bit 7: CSRC: Clock Source Select bit

Asynchronous mode
Don’t care

Synchronous mode

0 = Slave mode (Clock from external source)
TX9: 9-bit Transmit Enable bit

1 = Selects 9-bit transmission

0 = Selects 8-bit transmission

TXEN: Transmit Enable bit

1 = Transmit enabled

0 = Transmit disabled

bit 6:

bit 5:

bit 4: SYNC: USART Mode Select bit

1 = Synchronous mode
0 = Asynchronous mode

bit 3:
bit 2:

Unimplemented: Read as '0'

BRGH: High Baud Rate Select bit
Asynchronous mode

1 = High speed

0 = Low speed

Synchronous mode

Unused in this mode

TRMT: Transmit Shift Register Status bit
1 =TSR empty

0 =TSR full

TX9D: 9th bit of transmit data. Can be parity bit.

bit 1:

bit 0:

1 = Master mode (Clock generated internally from BRG)

Note: SREN/CREN overrides TXEN in SYNC mode.

© 1999-2013 Microchip Technology Inc.
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FIGURE 9-8: ASYNCHRONOUS RECEPTION WITH ADDRESS BYTE FIRST

i Start S
RN VT C1) @SS CrVCTANVETS G5 ETVeT
it i

. CQ n C C
Load RSR o)) i ‘ ) i 55
Bit8 = 1, Address Byte Bit8 = 0, Data Byte T WORD 1
cC | CC RORES (¢ n_
Read D) ‘ D) ) ’)
. C C
RCIF C)C) P DD I

Note: This timing diagram shows an address byte followed by a data byte. The data byte is not read into the RCREG (receive buffer)
because ADEN was not updated and still = 0.

TABLE 9-7 REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Value on: Value on
Address | Name Bit7 Bit6| Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR Resets
0Ch PIR1 PSPIF®) | ADIF| RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 | SREN | CREN | ADDEN | FERR OERR RX9D | 0000 000x | 0000 000x
1Ah RCREG | USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE") | ADIE| RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
98h TXSTA CSRC | TX9 | TXEN | SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented locations read as '0'. Shaded cells are not used for Asynchronous Reception.

Note 1: Bits PSPIE and PSPIF are reserved on the 28-pin devices, always maintain these bits clear.
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10.0 VOLTAGE REFERENCE
MODULE AND LOW-VOLTAGE
DETECT

The Voltage Reference module provides reference volt-
ages for the Brown-out Reset circuitry, the Low-voltage
Detect circuitry and the A/D converter.

FIGURE 10-1:

The source for the reference voltages comes from the
bandgap reference circuit. The bandgap circuit is ener-
gized anytime the reference voltage is required by the
other sub-modules, and is powered down when not in
use. The control registers for this module are LVDCON
and REFCON, as shown in Figure 10-1 and
Figure 10-2.

LVDCON: LOW-VOLTAGE DETECT CONTROL REGISTER

U-0 u-0 R-0 R/W-0 R/W-0

R/W-

1 RW-0 R/W-1

BGST LVDEN Lv3

Lv2

LV1 LVO R = Readable bit

W = Writable bit

bit7

bit 7-6:
bit 5:

Unimplemented: Read as '0'
BGST: Bandgap Stable Status Flag bit

bit 4:

bit 3-0:
1111 = External analog input is used
1110 =4.5V
1101 =4.2V
1100 =4.0V
1011 =3.8V
1010=3.6V
1001 =35V
1000 =3.3V
0111 =3.0V
0110=2.8V
0101 =27V
0100 =25V
Note 1:

LV3:LVO: Low Voltage Detection Limit bits (1)

1 = Indicates that the bandgap voltage is stable, and LVD interrupt is reliable
0 = Indicates that the bandgap voltage is not stable, and LVD interrupt should not be enabled

LVDEN: Low-voltage Detect Power Enable bit
1 = Enables LVD, powers up bandgap circuit and reference generator
0 = Disables LVD, powers down bandgap circuit if unused by BOR or VRH/VRL

These are the minimum trip points for the LVD, see Table 15-3 for the trip point tolerances. Selection
of an unused setting may result in an inadvertant interrupt.

U = Unimplemented bit,
read as ‘0’
- n =Value at POR reset

bit0

© 1999-2013 Microchip Technology Inc.
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The value that is in the ADRESH and ADRESL regis-
ters are not modified for a Power-on Reset. The
ADRESH and ADRESL registers will contain unknown
data after a Power-on Reset.

After the A/D module has been configured as desired,
the selected channel must be acquired before the con-
version is started. The analog input channels must
have their corresponding TRIS bits selected as an
input. To determine acquisition time, see Section 11.6.
After this acquisition time has elapsed the A/D conver-
sion can be started. The following steps should be fol-
lowed for doing an A/D conversion:

11.2  Configuring the A/D Module

11.3  Configuring Analog Port Pins

The ADCON1 and TRIS registers control the operation
of the A/D port pins. The port pins that are desired as
analog inputs must have their corresponding TRIS bit
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
CHS3:CHSO bits and the TRIS bits.

Note 1: When reading the PORTA or PORTE reg-
ister, all pins configured as analog input
channels will read as cleared (a low level).
When reading the PORTB register, all
pins configured as analog input channels
will read as set (a high 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 ANx pins),
may cause the input buffer to consume
current that is out of the devices specifica-
tion.

11.3.1  CONFIGURING THE REFERENCE
VOLTAGES

The VCFG bits in the ADCONT1 register configure the
A/D module reference inputs. The reference high
input can come from an internal reference (VRH) or
(VRL), an external reference (VREF+), or AvDD. The
low reference input can come from an internal refer-
ence (VRL), an external reference (VREF-), or Avss. If
an external reference is chosen for the reference high
or reference low inputs, the port pin that multiplexes
the incoming external references is configured as an
analog input, regardless of the values contained in the
A/D port configuration bits (PCFG3:PCFGO).

After the A/D module has been configured as desired.
and the analog input channels have their correspond-
ing TRIS bits selected for port inputs, the selected
channel must be acquired before conversion is
started. The A/D conversion cycle can be initiated by
setting the GO/DONE bit. The A/D conversion begins,
and lasts for 13TAD. The following steps should be fol-
lowed for performing an A/D conversion:

1. Configure the A/D module
* Configure analog pins / voltage reference /
and digital I/O (ADCON1)
¢ Select A/D input channel (ADCONO)
¢ Select A/D conversion clock (ADCONO)
e Turn on A/D module (ADCONO)
2. Configure A/D interrupt (if required)
¢ Clear ADIF bit
¢ Set ADIE bit
¢ Set PEIE bit
¢ Set GIE bit
3. Wait the required acquisition time (3TAD)
4. Start conversion
* Set GO/DONE bit (ADCONO)
5. Wait 13TAD until A/D conversion is complete, by
either:
* Polling for the GO/DONE bit to be cleared
OR
* Waiting for the A/D interrupt
6. Read A/D Result registers (ADRESH and
ADRESL), clear ADIF if required.

7. For next conversion, go to step 1, step 2 or step
3 as required.

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The ADRESH and
ADRESL registers WILL be updated with the partially
completed A/D conversion value. That is, the ADRESH
and ADRESL registers WILL contain the value of the
current incomplete conversion.

Note: Do not set the ADON bit and the
GO/DONE bit in the same instruction.
Doing so will cause the GO/DONE bit to be
automatically cleared.

© 1999-2013 Microchip Technology Inc.

Advance Information

DS30275B-page 119



PIC16C77X

FIGURE 11-7: CALCULATING THE MINIMUM REQUIRED SAMPLE TIME

Taca = Amplifier Settling Time
+ Holding Capacitor Charging Time
+Temperature Coefficient 1
Taca=  5ps
+Tc
+ [(Temp - 25°C)(0.05 ps/°C)] t

Tc= + Holding Capacitor Charging Time

Tc= (CHoLD) (RIC + Rss + Rs) In (1/16384)
Tc= -25pF (1 kQ +10 kQ + 2.5 kQ) In (1/16384)
Tc= -25pF (13.5kQ) In (1/16384)

Tc= -0.338(-9.704)us

Tc= 3.3ps
TacQ = 5us
+3.3us

+[(50°C - 25°C)(0.05 ps / °C)]

TacQ = 8.3us+1.25pus
TacQ = 9.55 us

1 The temperature coefficient is only required for
temperatures > 25°C.

FIGURE 11-8: ANALOG INPUT MODEL

VoD
Sampling
R, ) VT =06V _ Switch
: Rs ' PortPin Ric<1ik ' SS Rss:
1 AMA, ] AA, [
' . Wy ; Wv—, ‘
! @ . cew l weacnce == CHOLD = 25 pF
... BPF T VT=0.6V(y )+100nA P
LVSS
Legend CPIN = input capacitance
VT = threshold voltage g¥
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
(kQ)
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12.10 Interrupts

The PIC16C77X family has up to 14 sources of inter-
rupt. The interrupt control register (INTCON) records
individual interrupt requests in flag bits. It also has indi-
vidual and global interrupt enable bits.

Note: Individual interrupt flag bits are set regard-
less of the status of their corresponding

mask bit or the GIE bit.

A global interrupt enable bit, GIE (INTCON<7>)
enables (if set) all un-masked interrupts or disables (if
cleared) all interrupts. When bit GIE is enabled, and an
interrupt’s flag bit and mask bit are set, the interrupt will
vector immediately. Individual interrupts can be dis-
abled through their corresponding enable bits in vari-
ous registers. Individual interrupt bits are set
regardless of the status of the GIE bit. The GIE bit is
cleared on reset.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine as well as sets the GIE bit, which
re-enables interrupts.

FIGURE 12-11: INTERRUPT LOGIC

The RBO/INT pin interrupt, the RB port change interrupt
and the TMRO overflow interrupt flags are contained in
the INTCON register.

The peripheral interrupt flags are contained in the spe-
cial function registers PIR1 and PIR2. The correspond-
ing interrupt enable bits are contained in special
function registers PIE1 and PIE2, and the peripheral
interrupt enable bit is contained in special function reg-
ister INTCON.

When an interrupt is responded to, the GIE bit is
cleared to disable any further interrupt, the return
address is pushed onto the stack and the PC is loaded
with 0004h. Once in the interrupt service routine the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs. The latency
is the same for one or two cycle instructions. Individual
interrupt flag bits are set regardless of the status of
their corresponding mask bit or the GIE bit

LVDIF
LVDIE
PSPIF
PSPIE
ADIFE D TolF Wake-up (If in SLEEP mode)
ADIE TOIE
RCIF INTF
RCIE :j ) :j )
c INTE Interrupt to CPU
TXIF RBIF
TXIE RBIE
SSPIF
SSPIE D
N PEIE
CCP1IF
CCP1IE GIE
TMR2IF;1 )
TMR2IE:
TMR1IF
TMR1IE
CCP2IF
CCP2IE
BCLIF
BCLIE

The following table shows which devices have which interrupts.

Device | TOIF | INTF | RBIF | PSPIF | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | LVDIF | BCLIF | CCP2IF
PIC16C773 | Yes | Yes | Yes - Yes | Yes | Yes Yes Yes Yes Yes Yes Yes Yes
PIC16C774 | Yes | Yes | Yes Yes Yes | Yes | Yes Yes Yes Yes Yes Yes Yes Yes
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12.13 Power-down Mode (SLEEP)

Power-down mode is entered by executing a SLEEP
instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the PD bit (STATUS<3>) is cleared, the
TO (STATUS<4>) bit is set, and the oscillator driver is
turned off. The 1/0 ports maintain the status they had,
before the SLEEP instruction was executed (driving
high, low, or hi-impedance).

For lowest current consumption in this mode, place all
1/0 pins at either VDD, or Vss, ensure no external cir-
cuitry is drawing current from the I/O pin, power-down
the A/D, disable external clocks. Pull all I/O pins, that
are hi-impedance inputs, high or low externally to avoid
switching currents caused by floating inputs. The
TOCKI input should also be at VDD or Vss for lowest
current consumption. The contribution from on-chip
pull-ups on PORTB should be considered.

The MCLR pin must be at a logic high level (VIHMC).
12.13.1 WAKE-UP FROM SLEEP

The device can wake up from SLEEP through one of

the following events:

1. External reset input on MCLR pin.

2. Watchdog Timer Wake-up (f WDT was
enabled).

3. Interrupt from INT pin, RB port change, or some
Peripheral Interrupts.

External MCLR Reset will cause a device reset. All

other events are considered a continuation of program

execution and cause a "wake-up". The TO and PD bits

in the STATUS register can be used to determine the

cause of device reset. The PD bit, which is set on

power-up, is cleared when SLEEP is invoked. The TO

bit is cleared if a WDT time-out occurred (and caused

wake-up).

The following peripheral interrupts can wake the device

from SLEEP:

1. PSP read or write.

2. TMR1 interrupt. Timer1 must be operating as
an asynchronous counter.

3. CCP capture mode interrupt.

Special event trigger (Timer1 in asynchronous

mode using an external clock).

SSP (Start/Stop) bit detect interrupt.

SSP transmit or receive in slave mode (SPI/I12C).

USART RX or TX (synchronous slave mode).

A/D conversion (when A/D clock source is RC).

Low-voltage detect.

»

© o N’

Other peripherals cannot generate interrupts since dur-
ing SLEEP, no on-chip clocks are present.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction and then branches to the inter-
rupt address (0004h). In cases where the execution of
the instruction following SLEEP is not desirable, the
user should have a NOP after the SLEEP instruction.

12.13.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« |f the interrupt occurs before the execution of a
SLEEP instruction, the SLEEP instruction will com-
plete as a NOP. Therefore, the WDT and WDT
postscaler will not be cleared, the TO bit will not
be set and PD bits will not be cleared.

If the interrupt occurs during or after the execu-
tion of a SLEEP instruction, the device will imme-
diately wake up from sleep. The SLEEP instruction
will be completely executed before the wake-up.
Therefore, the WDT and WDT postscaler will be
cleared, the TO bit will be set and the PD bit will
be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruc-
tion should be executed before a SLEEP instruction.
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Standard Operating Conditions (unless otherwise stated)

Operating temperature -40°C < TA < +85°C for industrial and
DC CHARACTERISTICS 0°C < TA < +70°C for commercial
Operating voltage VDD range as described in DC spec Section 15.1 and
Section 15.2.
Param Characteristic Sym Min | Typt| Max |Units /Cohditions
No.
Output High Voltage
D090 |I/O ports (Note 3) VOH |VDD-0.7 — - V]
D092 |OSC2/CLKOUT (RC osc config) VbD-0.7 — @ \"
D150* |Open-Drain High Voltage Vob — < | 85 W
Capacitive Loading Specs on
Output Pins ? >
D100 |OSC2 pin Cosez \I‘S\ F |In XT, HS and LP modes when
\ external clock is used to drive
b > OSCH.
D101  |All I/O pins and OSC2 (in RC Cio — 50 pF
D102 Imode) SCL, SDA in#Cmode \ |\ CB = | 400 | pF

racterizeq but npt tested.
V, nless otherwise stated. These parameters are for design guidance only
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TABLE 159  A/D CONVERTER CHARACTERISTICS:
Param Sym | Characteristic Min Typt Max Units Conditions
No.
AO01 NR Resolution — — 12 bits bit | Min. resolution for A/D is 1 mV,
A03 EiL | Integral error — — +/-2 LSb — | VREF+ 2\AVDR 4.
VREF-> AXSS =
RER< < VAINS A
A04 EpL | Differential error — — +2 L — [ [ No missing coles 16 12-45its
-1 LSp VREF+ =\ AVDD =\4,096V,
AVgS = 0V,
=< VAN < VREF+
A06 EoFF | Offset error — — lexs.than — + = AVDD = 4.096V,
+2\_S] VREF- = AVSs = 0V,
N ™~ VRer- < VAN < VREF+
A07 | EaN |Gain Error +/-\g{_§ LSb | VREF+= AVDD = 4.096V,
> VREF- = AVss =0V,
VREF- < VAN < VREF+
A10 — | Monotonicity \—\ gL\araﬁteed(s) — — [AVss< VAN < VREF+
A20 VREF | Ref ce ag¥\ 4\09 VDD +0.3V| V | Absolute minimum electrical spec to
RW—) ensure 12-bit accuracy.
A21 VREF+ \Refgrence V Nigh \‘/\QEP) — AVDD V | Min. resolution for A/D is 1 mV
}RVD or VREF+)
A2 Vni Re renWw AVss — VREF+ V | Min. resolution for A/D is 1 mV
N (Avssor F-
A25 \ \v@ Aﬁajgg \aputvoltage | VREFL — VREFH v
A30 \| ZayARecommended — — 25 kQ
impedance of analog
voltage source
A50 |\TREF | VREF input current — — 10 uA | During VAIN acquisition.
(Note 2) Based on differential of VHOLD to VAIN.
To charge CHoOLD see Section 11.0.
During A/D conversion cycle.

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

tested.

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.

: VREF current is from External VREF+, OR VREF-, or AVSS, or AVDD pin, whichever is selected as reference input.
: The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.
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17.6 K04-016 40-Lead Plastic Dual In-line (P) — 600 mil

Note:  For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging
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Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
PCB Row Spacing 0.600 15.24
Number of Pins n 40 40
Pitch P 0.100 2.54
Lower Lead Width B 0.016 0.018 0.020 0.41 0.46 0.51
Upper Lead Width B1T 0.045 0.050 0.055 1.14 1.27 1.40
Shoulder Radius R 0.000 0.005 0.010 0.00 0.13 0.25
Lead Thickness c 0.009 0.010 0.011 0.23 0.25 0.28
Top to Seating Plane A 0.110 0.160 0.160 2.79 4.06 4.06
Top of Lead to Seating Plane Al 0.073 0.093 0.113 1.85 2.36 2.87
Base to Seating Plane A2 0.020 0.020 0.040 0.51 0.51 1.02
Tip to Seating Plane L 0.125 0.130 0.135 3.18 3.30 3.43
Package Length D¥ 2.013 2.018 2.023 51.13 51.26 51.38
Molded Package Width EF 0.530 0.535 0.540 13.46 13.59 13.72
Radius to Radius Width E1 0.545 0.565 0.585 13.84 14.35 14.86
Overall Row Spacing eB 0.630 0.610 0.670 16.00 15.49 17.02
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

*

Controlling Parameter.

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

¥ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not

exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.”
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