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PIC16C77X

1.0 DEVICE OVERVIEW

This document contains device-specific information.
Additional information may be found in the PICmicro™
Mid-Range Reference Manual, (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip website. The
Reference Manual should be considered a comple-
mentary document to this data sheet, and is highly rec-
ommended reading for a better understanding of the
device architecture and operation of the peripheral
modules.

There a two devices (PIC16C773 and PIC16C774)
covered by this datasheet. The PIC16C773 devices
come in 28-pin packages and the PIC16C774 devices
come in 40-pin packages. The 28-pin devices do not
have a Parallel Slave Port implemented.

The following two figures are device block diagrams
sorted by pin number; 28-pin for Figure 1-1 and 40-pin
for Figure 1-2. The 28-pin and 40-pin pinouts are listed
in Table 1-1 and Table 1-2, respectively.

FIGURE 1-1: PIC16C773 BLOCK DIAGRAM
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; Addr MUX RBO/INT
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Note 1: Higher order bits are from the STATUS register.
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PIC16C77X

2223 INTCON REGISTER

Note: Interrupt flag bits get set when an interrupt

The INTCON Register is a readable and writable regis- condition occurs regardless of the state of
ter which contains various enable and flag bits for the its corresponding enable bit or the global
TMRO register overflow, RB Port change and External enable bit, GIE (INTCON<75). User soft-

RBO/INT pin interrupts. ware should ensure the appropriate inter-

rupt flag bits are clear prior to enabling an
interrupt.

FIGURE 2-5: INTCON REGISTER (ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x

[ e [ peie | toe | NTE | mBIE | TOF | INTF | RBIF | [R =Readable bit
bit7 pito [W = Writable bit
U = Unimplemented bit,
read as ‘0’
- n = Value at POR reset

bit 7: GIE: Global Interrupt Enable bit
1 = Enables all un-masked interrupts
0 = Disables all interrupts

bit 6:  PEIE: Peripheral Interrupt Enable bit
1 = Enables all un-masked peripheral interrupts
0 = Disables all peripheral interrupts

bit 5:  TOIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt

bit 4: IINTE: RBO/INT External Interrupt Enable bit
1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt

bit 3:  RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt
bit 2:  TOIF: TMRO Overflow Interrupt Flag bit
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1:  INTF: RBO/INT External Interrupt Flag bit
1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur
bit 0:  RBIF: RB Port Change Interrupt Flag bit
1 = At least one of the RB7:RB4 pins changed state (must be cleared in software)
0 = None of the RB7:RB4 pins have changed state

DS30275B-page 18 Advance Information © 1999-2013 Microchip Technology Inc.
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2226 PIE2 REGISTER

This register contains the individual enable bits for the
CCP2, SSP bus collision, and low voltage detect inter-
rupts.

FIGURE 2-8: PIE2 REGISTER (ADDRESS 8Dh)

R/W-0 U-0 U-0 U-0 R/W-0 uU-0 U-0 R/W-0
[woe [ — | — [ — [Boue | — [ — TJccrE] [R =Readable bit
bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’

- n = Value at POR reset

bit 7 LVDIE: Low-voltage Detect Interrupt Enable bit
1 = LVD Interrupt is enabled
0 = LVD Interrupt is disabled

bit 6-4: Unimplemented: Read as '0'

bit 3: BCLIE: Bus Collision Interrupt Enable bit
1 = Bus Collision interrupt is enabled
0 = Bus Collision interrupt is disabled

bit 2-1: Unimplemented: Read as '0'

bit 0: CCP2IE: CCP2 Interrupt Enable bit
1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt

© 1999-2013 Microchip Technology Inc. Advance Information DS30275B-page 21



PIC16C77X

3.0 I/OPORTS

Some pins for these 1/0 ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose 1/O pin.

Additional information on I/O ports may be found in the
PICmicro™ Mid-Range Reference Manual,
(DS33023).

3.1 PORTA and the TRISA Register

PORTA is a 6-bit wide bi-directional port for the 40/44
pin devices and is 5-bits wide for the 28-pin devices.
PORTA<5> is not on the 28-pin devices. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (=1) will make the corresponding PORTA pin
an input, i.e., put the corresponding output driver in a
hi-impedance mode. Clearing a TRISA bit (=0) will
make the corresponding PORTA pin an output, i.e., put
the contents of the output latch on the selected pin.

Reading the PORTA register reads the status of the
pins whereas writing to it will write to the port latch. All
write operations are read-modify-write operations.
Therefore a write to a port implies that the port pins are
read, this value is modified, and then written to the port
data latch.

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/TOCKI pin. The RA4/TOCKI
pin is a Schmitt Trigger input and an open drain output.
All other RA port pins have TTL input levels and full
CMOS output drivers.

Other PORTA pins are multiplexed with analog inputs
and analog VREF inputs and precision on-board refer-
ences (VRL/VRH). The operation of each pin is
selected by clearing/setting the control bits in the
ADCONT1 register (A/D Control Register1).

Note: On a Power-on Reset, these pins are con-
figured as analog inputs and read as '0'.

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 3-1: INITIALIZING PORTA
BCF STATUS, RPO ;
CLRF PORTA ; Initialize PORTA by
; clearing output
; data latches

BSF STATUS, RPO ; Select Bank 1
MOVLW 0xCF ; Value used to
; initialize data
; direction

MOVWF TRISA ; Set RA<3:0> as inputs
; RA<5:4> as outputs
; TRISA<7:6> are always

; read as '0'.

FIGURE 3-1: BLOCK DIAGRAM OF

RA3:RA2 PINS
Data
bus
D Q
WR VDD
Pﬂ*t cK L Q ‘D‘ 5
Data Latch '—‘E
»— D Q N 1/0 pin®
WR
TRIS] cK L g Vss
Analog
input
TRIS Latch ',ﬂgﬁe
TTL
input
buffer
Q D

EN
RD PORT {>

To A/D Converter

VRH, VRL

S
&
]
AN

VRHOEN, VRLOEN

Sense input for -
VRO+, VRO- amplifier

Note 1: /O pins have protection diodes to VDD and
Vss.
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PIC16C77X

FIGURE 8-13: 12C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)

RW =1 R/W =0
B Receiving Address ACK Transmitting Data  Not ACK - - -

SCL
\ Datain . SEIL h&l:ddow . .
: . while ) . )
sampled responds to SSPIF i '
SSPIF [ / \ '
. A ¥
BF (SSPSTAT<0>) ' L
) cleared in software From SSP interrupt
! SSPBUF is written in software }

service routine

CKP (SSPCON<4>) ‘

Set bit after writing to SSPBUF
(the SSPBUF must be written-to
before the CKP bit can be set)
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I2C MASTER MODE START CONDITION
TIMING

8.2.9

To initiate a START condition, the user sets the start
condition enable bit, SEN (SSPCON2<0>). If the SDA
and SCL pins are sampled high, the baud rate genera-
tor is re-loaded with the contents of SSPADD<6:0>,
and starts its count. If SCL and SDA are both sampled
high when the baud rate generator times out (Tgrg),
the SDA pin is driven low. The action of the SDA being
driven low while SCL is high is the START condition,
and causes the S bit (SSPSTAT<3>) to be set. Follow-
ing this, the baud rate generator is reloaded with the
contents of SSPADD<6:0> and resumes its count.
When the baud rate generator times out (Tgrg), the
SEN bit (SSPCON2<0>) will be automatically cleared
by hardware, the baud rate generator is suspended
leaving the SDA line held low, and the START condition
is complete.

Note: If at the beginning of START condition the
SDA and SCL pins are already sampled
low, or if during the START condition the
SCL line is sampled low before the SDA
line is driven low, a bus collision occurs, the
Bus Collision Interrupt Flag (BCLIF) is set,

the START condition is aborted, and the

I2C module is reset into its IDLE state.

FIGURE 8-20: FIRST START BIT TIMING

8.2.9.5 WCOL STATUS FLAG

If the user writes the SSPBUF when an START
sequence is in progress, then WCOL is set and the
contents of the buffer are unchanged (the write doesn’t
occur).

Note: Because queueing of events is not
allowed, writing to the lower 5 bits of
SSPCON2 is disabled until the START

condition is complete.

Write to SEN bit occurs here.
SDA =1,

SCL=1

|

SDA

Set S bit (SSPSTAT<3>)

At completion of start bit,
Hardware clears SEN bit
l and sets SSPIF bit

o

Write to SSPBUF occurs here

>< 2nd Bit

1st Bit
|‘ TBRG 'l

SCL

o )‘ TBRG ’l
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PIC16C77X

8.2.18.15 BUS COLLISION DURING A START
CONDITION

During a START condition, a bus collision occurs if:
a) SDA or SCL are sampled low at the beginning of
the START condition (Figure 8-35).
b) SCL is sampled low before SDA is asserted low.
(Figure 8-36).
During a START condition both the SDA and the SCL
pins are monitored.
If:
the SDA pin is already low
or the SCL pin is already low,
then:
the START condition is aborted,
and the BCLIF flag is set,
and the SSP module is reset to its IDLE state
(Figure 8-35).
The START condition begins with the SDA and SCL
pins de-asserted. When the SDA pin is sampled high,

the baud rate generator is loaded from SSPADD<6:0>
and counts down to 0. If the SCL pin is sampled low

FIGURE 8-35: BUS COLLISION DURING START CONDITION (SDA ONLY)

while SDA is high, a bus collision occurs, because it is
assumed that another master is attempting to drive a
data '1' during the START condition.

If the SDA pin is sampled low during this count, the
BRG is reset and the SDA line is asserted early
(Figure 8-37). If however a '1' is sampled on the SDA
pin, the SDA pin is asserted low at the end of the BRG
count. The baud rate generator is then reloaded and
counts down to 0, and during this time, if the SCL pins
is sampled as '0', a bus collision does not occur. At the
end of the BRG count the SCL pin is asserted low.

Note: The reason that bus collision is not a factor
during a START condition is that no two
bus masters can assert a START condition
at the exact same time. Therefore, one
master will always assert SDA before the
other. This condition does not cause a bus
collision because the two masters must be
allowed to arbitrate the first address follow-
ing the START condition, and if the
address is the same, arbitration must be
allowed to continue into the data portion,
REPEATED START, or STOP conditions.

Set BCLIF,

SDA =0, SCL =1

SDA goes low before the SEN bit is set.

S bit and SSPIF set because

I SEN cleared automatically because of bus collision.

|
|
i SSP module reset into idle state.
|
|

SDA .
SCL
Set SEN, enable start
condition if SDA = 1, SCL=1
SEN
SDA sampled low before
START condition.  Set BCLIF. Y
S bit and SSPIF set because
BCLIF SDA=0,SCL=1
S

t_ SSPIF and BCLIF are
cleared in software.

SSPIF

SSPIF and BCLIF are
cleared in software.
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8.2.18.17 BUS COLLISION DURING A STOP
CONDITION

Bus collision occurs during a STOP condition if:

a) After the SDA pin has been de-asserted and
allowed to float high, SDA is sampled low after
the BRG has timed out.

b) After the SCL pin is de-asserted, SCL is sam-
pled low before SDA goes high.

The STOP condition begins with SDA asserted low.
When SDA is sampled low, the SCL pin is allow to float.
When the pin is sampled high (clock arbitration), the
baud rate generator is loaded with SSPADD<6:0> and
counts down to 0. After the BRG times out SDA is sam-
pled. If SDA is sampled low, a bus collision has
occurred. This is due to another master attempting to
drive a data '0'. If the SCL pin is sampled low before
SDA is allowed to float high, a bus collision occurs.
This is another case of another master attempting to
drive a data '0' (Figure 8-40).

FIGURE 8-40: BUS COLLISION DURING A STOP CONDITION (CASE 1)

| TBRG TBRG ‘ TBRG ‘ SDA sampled
low after TBRG,
"""""""" Set BCLIF
SDA
SDA asserted low
SCL
PEN L
BCLIF
P o' 0
SSPIF ' 0
FIGURE 8-41: BUS COLLISION DURING A STOP CONDITION (CASE 2)
| TBRG TBRG ‘ TBRG ‘
SDA
TAssert SDA SCL goes low before SDA goes high
Set BCLIF

SCL /
PEN
BCLIF
P ‘0’
SSPIF 0
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TABLE 9-3 BAUD RATES FOR SYNCHRONOUS MODE

aaup |FosC=20MHz —  Tie wiz PR [10MHz PBRG |715909 MHz SPBRG

RATE % value % value % value % value

) |XBAUD ERRoR  (decimal)| “BAYP  ERROR  (decimal)| KBAYP  ERROR (decimal)|KBAYP  ERROR  (decimal)

03 | NA - - NA - - NA - - NA - -

12 | NA - . NA . . NA . - NA - .

24 | NA ; ; NA ; ; NA ; ; NA ; ;

96 | NA - - NA . . 9766 +1.73 255 | 9622 +0.23 185

192 | 1953 4173 255 | 1923 4016 207 | 1923  +0.16 129 | 19.24  +0.23 92

768 | 76.92  +0.16 64 | 7692  +0.16 51 | 7576  -1.36 32 | 7782  +1.32 22

96 | 96.15  +0.16 51 | 9524  -0.79 41 | 9615  +0.16 25 | 9420  -1.88 18

300 | 2941  -1.96 16 |307.60 +2.56 12 | 8125 4447 7 | 2083 -057 5

500 | 500 0 9 500 0 7 500 0 4 NA - -

HIGH | 5000 - 0 4000 - 0 | 2500 - o |1789.8 - 0

Low | 19.53 - 255 | 15.625 - 255 | 9.766 - 255 | 6.991 - 255

FOSC = 5.0688 MHz 4 MHz 3.579545 MHz 1 MHz 32.768 kHz

BAUD SPBRG SPBRG SPBRG SPBRG SPBRG
RATE | KBAUD % value |[KBAUD % value | KBAUD % value |KBAUD % value |KBAUD % value
(K) ERROR (decimal) ERROR (decimal) ERROR (decimal) ERROR (decimal) ERROR (decimal)
03 | NA - - NA - - NA - - NA - | 08038 <114 26
12 | NA ; ; NA ; ; NA ; ; 1202 +0.16 207 | 1170 -2.48 6
24 | NA ; ; NA ; ; NA ; - | 2404 +016 103 | NA - -
96 | 96 0 131 | 9615 +016 103 | 9.622 +023 92 | 9615 4016 25 NA - -
192 | 192 0 65 |19.231 +0.16 51 | 19.04 -0.83 46 | 1924 +0.16 12 NA - -
768 | 792 4313 15 |76923 4016 12 | 7457 -2.90 11 | 8334 +8.51 2 NA - ;
96 | 9748 +154 12 | 1000 +417 9 9943 +357 8 NA . - NA - -
300 | 3168 +560 3 NA - - 2083 -0.57 2 NA . - NA - -
500 | NA . - NA . - NA - - NA . - NA - -
HIGH | 1267 - 0 100 - 0o | 849 - 0 250 - 0o |s8192 - 0
LOW | 4950 - 255 | 3906 - 255 | 3496 - 255 |09766 - 255 | 0032 - 255

TABLE 9-4 BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)

BAUD Fosc =20 MHz SPBRG 16 MHz SPBRG 10 MHz SPBRG 7.15909 MHz SPBRG

RATE % value % value % value % value

(K) |KBAUD ERROR (decimal)|KBAUD ERROR (decimal)|KBAUD ERROR (decimal)|KBAUD ERROR (decimal)

0.3 NA - - NA - - NA - - NA - -

1.2 1.221 +1.73 255 1.202 +0.16 207 1.202 +0.16 129 1.203 +0.23 92

2.4 2.404 +0.16 129 2.404 +0.16 103 2.404 +0.16 64 2.380 -0.83 46

9.6 9.469 -1.36 32 9.615 +0.16 25 9.766 +1.73 15 9.322 -2.90 11

19.2 19.53 +1.73 15 19.23 +0.16 12 19.53 +1.73 7 18.64 -2.90 5

76.8 78.13 +1.73 3 83.33 +8.51 2 78.13 +1.73 1 NA - -

96 104.2 +8.51 2 NA - - NA - - NA - -

300 3125 +4.17 0 NA - - NA - - NA - -

500 NA - - NA - - NA - - NA - -

HIGH | 3125 - 0 250 - 0 156.3 - 0 111.9 - 0

LOW 1.221 - 255 0.977 - 255 0.6104 - 255 0.437 - 255

FOSC = 5.0688 MHz 4 MHz 3.579545 MHz 1 MHz 32.768 kHz

BAUD SPBRG SPBRG SPBRG SPBRG SPBRG
RATE % value % value % value % value % value
(K) KBAUD ERROR (decimal)| KBAUD ERROR (decimal)| KBAUD ERROR (decimal)| KBAUD ERROR (decimal)| KBAUD ERROR (decimal)
0.3 0.31 +3.13 255 0.3005 -0.17 207 0.301 +0.23 185 0.300 +0.16 51 0.256 -14.67 1
1.2 1.2 0 65 1.202 +1.67 51 1.190 -0.83 46 1.202 +0.16 12 NA - -
2.4 24 0 32 2404 +1.67 25 2432 +1.32 22 2.232 -6.99 6 NA - -
9.6 9.9 +3.13 7 NA - - 9.322 -2.90 5 NA - - NA - -
19.2 19.8 +3.13 3 NA - - 18.64 -2.90 2 NA - - NA - -
76.8 79.2 +3.13 0 NA - - NA - - NA - - NA - -
96 NA - - NA - - NA - - NA - - NA - -
300 NA - - NA - - NA - - NA - - NA - -
500 NA - - NA - - NA - - NA - - NA - -
HIGH 79.2 - 0 62.500 - 0 55.93 - 0 15.63 - 0 0.512 - 0
LOW | 0.3094 - 255 3.906 - 255 0.2185 - 255 0.0610 - 255 0.0020 - 255
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9.22 USART ASYNCHRONOUS RECEIVER

The receiver block diagram is shown in Figure 9-6. The
data is received on the RC7/RX/DT pin and drives the
data recovery block. The data recovery block is actually
a high speed shifter operating at x16 times the baud
rate, whereas the main receive serial shifter operates at
the bit rate or at Fosc.

The USART module has a special provision for multi-
processor communication. When the RX9 bit is set in
the RCSTA register, 9-bits are received and the ninth bit
is placed in the RX9D status bit of the RSTA register.
The port can be programmed such that when the stop
bit is received, the serial port interrupt will only be acti-
vated if the RX9D bit = 1. This feature is enabled by
setting the ADDEN bit RCSTA<3> in the RCSTA regis-
ter. This feature can be used in a multi-processor sys-
tem as follows:

A master processor intends to transmit a block of data
to one of many slaves. It must first send out an address
byte that identifies the target slave. An address byte is
identified by the RX9D bit being a ‘1’ (instead of a ‘0’ for
a data byte). If the ADDEN bit is set in the slave’s
RCSTA register, all data bytes will be ignored. How-
ever, if the ninth received bit is equal to a 1, indicating
that the received byte is an address, the slave will be
interrupted and the contents of the RSR register will be
transferred into the receive buffer. This allows the slave
to be interrupted only by addresses, so that the slave
can examine the received byte to see if it is addressed.
The addressed slave will then clear its ADDEN bit and
prepare to receive data bytes from the master.

When ADDEN is set, all data bytes are ignored. Fol-
lowing the STOP bit, the data will not be loaded into the
receive buffer, and no interrupt will occur. If another
byte is shifted into the RSR register, the previous data
byte will be lost.

The ADDEN bit will only take effect when the receiver
is configured in 9-bit mode.

The receiver block diagram is shown in Figure 9-6.

Once Asynchronous mode is selected, reception is
enabled by setting bit CREN (RCSTA<4>).

9.2.3  SETTING UP 9-BIT MODE WITH ADDRESS
DETECT

Steps to follow when setting up an Asynchronous
Reception with Address Detect Enabled:

Initialize the SPBRG register for the appropriate

baud rate. If a high speed baud rate is desired, set

bit BRGH.

* Enable the asynchronous serial port by clearing

bit SYNC and setting bit SPEN.

If interrupts are desired, then set enable bit RCIE.

Set bit RX9 to enable 9-bit reception.

¢ Set ADDEN to enable address detect.

* Enable the reception by setting enable bit CREN.

Flag bit RCIF will be set when reception is com-

plete, and an interrupt will be generated if enable

bit RCIE was set.

Read the RCSTA register to get the ninth bit and

determine if any error occurred during reception.

Read the 8-bit received data by reading the

RCREG register, to determine if the device is

being addressed.

* If any error occurred, clear the error by clearing
enable bit CREN.

* |f the device has been addressed, clear the

ADDEN bit to allow data bytes and address bytes

to be read into the receive buffer, and interrupt the

CPU.
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FIGURE 11-5: FLOWCHART OF A/D OPERATION

ADON =0

ADON =0? !

Samgle -
Selected Channel

b

Yes

Start of AID Yes Finish Conversion
Conversion Delayed |—— —— GO =0
1 Instruction Cycle ADIF =1
No No
Yes Abort Conversion Finish Conversion
- GO =0 GO =0
ADIF =0 ADIF =1
No ¢ ¢

Wait2 Tap | —@

Finish Conversion SLEEP . Stay in Slee
GO =0 Power down A'D Wait 2 Tap Powardown AID
ADIF =1
Wait 2 TAD
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12.0 SPECIAL FEATURES OF THE
CPU

These PICmicro devices have a host of features
intended to maximize system reliability, minimize cost
through elimination of external components, provide
power saving operating modes and offer code protec-
tion. These are:

¢ Oscillator Selection

* Reset
- Power-on Reset (POR)
- Power-up Timer (PWRT)
- Oscillator Start-up Timer (OST)
- Brown-out Reset (BOR)

¢ Interrupts

¢ Watchdog Timer (WDT)

* Low-voltage detection

e SLEEP

¢ Code protection

¢ ID locations

* In-circuit serial programming

These devices have a Watchdog Timer which can be
shut off only through configuration bits. It runs off its
own RC oscillator for added reliability. There are two
timers that offer necessary delays on power-up. One is
the Oscillator Start-up Timer (OST), intended to keep
the chip in reset until the crystal oscillator is stable. The
other is the Power-up Timer (PWRT), which provides a
fixed delay of 72 ms (nominal) on power-up type resets
only (POR, BOR), designed to keep the part in reset
while the power supply stabilizes. With these two timers
on-chip, most applications need no external reset cir-
cuitry.

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

Additional information on special features is available in
the PICmicro™ Mid-Range Reference Manual,
(DS33023).

12.1 Configuration Bits

The configuration bits can be programmed (read as '0")
or left unprogrammed (read as '1') to select various
device configurations. These bits are mapped in pro-
gram memory location 2007h.

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

Some of the core features provided may not be neces-
sary to each application that a device may be used for.
The configuration word bits allow these features to be
configured/enabled/disabled as necessary. These fea-
tures include code protection, brown-out reset and its
trippoint, the power-up timer, the watchdog timer and
the devices oscillator mode. As can be seen in
Figure 12-1, some additional configuration word bits
have been provided for brown-out reset trippoint selec-
tion.
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FIGURE 12-1: CONFIGURATION WORD

’ CP1 ‘ CPO ‘BORV1‘BORVO‘ CP1 ‘ CPO ‘ - ‘BODEN ‘ CP1 ‘ CPO ‘PWRTE‘ WDTE ‘ FOSC1 ‘ FOSCOo

Register:  CONFIG

bit13 12 1 10 9 8 7 6 5

bit 13-12: CP1:CPO0: Code Protection bits (2)
bit 9-8: 11 = Program memory code protection off
bit 5-4: 10 = 0800h-OFFFh code protected

01 = 0400h-OFFFh code protected

00 = 0000h-OFFFh code protected

bit 11-10: BORV1:BORVO0: Brown-out Reset Voltage bits(®)
11 = VBOR set to 2.5V
10 = VBOR set to 2.7V
01 = VBOR set to 4.2V
00 = VBOR set to 4.5V

bit 7: Unimplemented, Read as '1'

bit 6: BODEN: Brown-out Reset Enable bit (1)
1 = Brown-out Reset enabled
0 = Brown-out Reset disabled

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

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

bit 1-0: FOSC1:FOSCO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

Address 2007h
3 2 1 bit0

Note 1: Enabling Brown-out Reset automatically enables the Power-up Timer (PWRT) regardless of the value of bit PWRTE.
Ensure the Power-up Timer is enabled anytime Brown-out Reset is enabled.
2: All of the CP1:CPO pairs have to be given the same value to enable the code protection scheme listed.
3:

These are the minimum trip points for the BOR, see Table 15-4 for the trip point tolerances. Selection of an unused

setting may result in an inadvertant interrupt.

12.2 Oscillator Configurations

12.2.1  OSCILLATOR TYPES

The PIC16C77X can be operated in four different oscil-
lator modes. The user can program two configuration
bits (FOSC1 and FOSCO) to select one of these four
modes:

e LP Low Power Crystal

o XT Crystal/Resonator

e HS High Speed Crystal/Resonator

* RC Resistor/Capacitor

12.2.2 CRYSTAL OSCILLATOR/CERAMIC
RESONATORS

In XT, LP or HS modes, a crystal or ceramic resonator
is connected to the OSC1/CLKIN and OSC2/CLKOUT
pins to establish oscillation (Figure 12-2). The
PIC16C77X oscillator design requires the use of a par-
allel cut crystal. Use of a series cut crystal may give a
frequency out of the crystal manufacturers specifica-
tions.

A difference from the other mid-range devices may be
noted in that the device can be driven from an external
clock only when configured in HS mode (Figure 12-3).
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15.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings t

Ambient temperature UNAer DIas...........cooiiiiiiii e .-55to +125°C

Storage temperature
Voltage on any pin with respect to Vss (except VDD, MCLR. and RA4)
Voltage on VDD with respect to Vss
Voltage on MCLR with respect to Vss (Note 2)
Voltage on RA4 with respect to Vss
Total power dissipation (Note 1)..

Maximum current out of VSSs pin

Maximum current into VDD pin
Input clamp current, Ik (VI < 0 or VI > VDD)

............................................................................................................................ -65°C to +150°C

0’3V to (VDD + 0.3V)

....................................................................................................... -0.3to +7.5V

......................................................................................... 0to +8.5V

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

TABLE 15-1 CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)
osc PIC16C773-04 PIC16C773-20 PIC16LC773-04 JW Devi
PIC16C774-04 PIC16C774-20 PIC16LC774-04 evices

VDD: 4.0V to 5.5V VDD: 4.5V to 5.5V VbD: 2.5V to 5.5V VbD: 4.0V to 5.5V

RC IbD: 5 mA max. at 5.5V IbD: 2.7 mA typ. at 5.5V IbD: 3.8 mA max. at 3.0V IbD: 5 mA max. at 5.5V
IPD: 16 pA max. at 4V IPD: 1.5 pA typ. at 4V IPD: 5 pA max. at 3V IPD: 16 pA max. at 4V
Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max.
VDD: 4.0V to 5.5V VDD: 4.5V to 5.5V VbD: 2.5V to 5.5V VDD: 4.0V to 5.5V

XT IbD: 5 mA max. at 5.5V IDD: 2.7 mA typ. at 5.5V IbD: 3.8 mA max. at 3.0V IbD: 5 mA max. at 5.5V
IPD: 16 pA max. at 4V IPD: 1.5 pA typ. at 4V IPD: 5 pA max. at 3V IPD: 16 pA max. at 4V
Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max.
VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V VbD: 4.5V to 5.5V
Ibb: 13.5 mAtyp.at5.5V |IpD: 20 mA max. at 5.5V . . IbD: 20 mA max. at 5.5V

HS Not tested for functionality
IPD: 1.5 pAtyp. at 4.5V IPD: 1.5 pA typ. at 4.5V IPD: 1.5 pAtyp. at 4.5V
Freq: 4 MHz max. Freq: 20 MHz max. Freq: 20 MHz max.
VDD: 4.0V to 5.5V VbD: 2.5V to 5.5V VbD: 2.5V to 5.5V
IbD:  52.5 pA typ. at 32 . . IbD: 48 pA max. at 32 kHz, |IbD: 48 pA max. at 32 kHz,

LP KHz, 4.0V Not tested for functionality 3.0V 3.0V
IPD: 0.9 pA typ. at 4.0V IPD: 5.0 uA max. at 3.0V IPD: 5.0 pA max. at 3.0V
Freq: 200 kHz max. Freq: 200 kHz max. Freq: 200 kHz max.

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications.
It is recommended that the user select the device type that ensures the specifications required.
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15.1 DC Characteristics: PIC16C77X (Commercial, Industrial)

Standard Operating Conditions (unless otherwise stated)

DC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for industrial and
0°C < TA < +70°C for commercial
Param Characteristic Sym Min | Typt | Max | Units Conditions
No.
D001 Supply Voltage VDD 4.0 — | 55 V | XT, RC and LP osc configuration
DO01A 4.5 — | 55 V | HS osc configuration
D002* | RAM Data Retention VDR — 15 | — \%
Voltage (Note 1)
D003 VDD start voltage to VPOR — Vss | — V | See section on P er@set or details
ensure internal Power-on
Reset signal />
D004* | VDD rise rate to ensure SvbD 0.05 | — — | V/Ims e dectfon on Power-ox ReSet fof details.
internal Power-on Reset e bled
signal
D010 Supply Current (Note 2) |IDD — 2.7 mA conf| ation

E 0SC = AMHz, VoD = 5.5V (Note 4)

5
D013 — |\13 \36\ m S osc configuration
SC = 20 MHz, VDD = 5.5V
D020 Power-down Current IPD /'6/\\;#? VDD = 4.0V, -0°C to +70°C

DO020A | (Note 3) /\ 19 | pA | VDD =4.0V, -40°C to +85°C

\7& 6.0 | 20 | uA |VDD=4.0V

D021 AMMDT

D023* >AIB R TBD | 200 | — | pA |BOR enabled, VDD = 5.0V

D023B* AlBG® — | 40pA |TBD| pA

D025* AlTtosc | — 5 9 pA | VDD = 4.0V

D026* | A/D Gehverter AlAD — 300 | — | pA |VDD=5.5V, A/D on, not converting

* These parameters are characterized but not tested.

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

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as 1/O pin
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an
impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail to rail; all I/O pins tristated, pulled to VDD
MCLR = VDD; WDT enabled/disabled as specified.

3: The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is mea-
sured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD or Vss.

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti-
mated by the formula Ir = VDD/2Rext (mA) with Rext in kOhm.

5: The A current is the additional current consumed when the peripheral is enabled. This current should be
added to the base (IPD or IDD) current.

6: The bandgap voltate reference provides 1.22V to the VRL, VRH, LVD and BOR circuits. When calculating cur-
rent consumption use the following formula: AIVRL + AIVRH + AILVD + AIBOR + AIBG. Any of the AIVRL, AIVRH,
AILVD or AIBOR can be 0.
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15.4  DC Characteristics: VREF
TABLE 15-2 ELECTRICAL CHARACTERISTICS: VREF
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.
P?{:m Characteristic Symbol | Min Typt Max Units Conditions
D400 | Output Voltage VRL 2.0 | 2.048 2.1 Vv VDD > 25V
VRH 40 [ 4096 | 42 v |vpeZ4sV
D401A |VRL Quiescent Supply Current | AIVRL | — 70 [ TBD | pA  [Nold@d op¥RL.
D401B | VRH Quiescent Supply Current | AIVRH — 70 | TBD | A —|Ndloadon¥RH.
D402 [ Ouput Voltage Drift TCVoutr | — 15* | 50* VppmCiNota 1 N
D404 | External Load Source IVREFSO — — 5 (mA
D405 | External Load Sink IVREFSI | — — K& [\ma [
D406 |Load Regulation — D\ }ou ce =0mAto
AVouT/ mA 5 A
Alout — 1 \ TBDY lsink =0mAto
5mA
D407 | Line Regulation
9 AVout/ B \}0* WV
\VDD

Note 1:

These parameters are characterized\but\not te ted”
Data in “Typ” column is at
only and are not tested
Production testeg-at TAMB 225

stated. These parameters are for design guidance

er temp limits guaranteed by characterization.
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15.5

15.5.1

AC Characteristics: PIC16C77X (Commercial, Industrial)
TIMING PARAMETER SYMBOLOGY

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

1. TppS2pp$S 3.TccsT  (I’C specificW
2. TppS 4.Ts (I’C specifications-6nly)
T
F Frequency T Tim / N\
Lowercase letters (pp) and their meanings: / /
PP
cc CCP1
ck CLKOUT
cs CcS D oxWR
di SDI
do SDO
dt Data in t0 TOCKI
io I/0 port T1CKI
mc MCLR wr WR
Uppercase Ietter%@l?m&min&a\\ \ |
P Period
R Rise
\% Valid
z Hi-impedance
AA output access High High
BUF Bus free Low Low
Tce:sT (I2C specifications only)
cc
HD Hold SuU Setup
ST
DAT DATA input hold STO STOP condition

STA START condition
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FIGURE 15-6: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING

VDD

MCLR / \ %
Internal T ; : /7)?)\
POR . /
33— .

I(d _
PWRT 1 ; ”?
Time-out ' .
I 32 : (\
! ?

0OSsC
Time-out

Internal
RESET

Watchdog
Timer
RESET

1/0 Pins

%efe o Figure 1543 for load conditions.

FIGURE 1% BROWN-OUT RESET TIMING
1%

VoD BVDD - - - - - J—‘

- 35—

TABLE 15-7 RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER,POWER-UP TIMER,
AND BROWN-OUT RESET REQUIREMENTS

Parameter Sym | Characteristic Min Typt Max | Units Conditions
No.
30* TmcL | MCLR Pulse Width (low) 100 — — ns | VDD =5V, -40°C to +85°C
31* Twdt | Watchdog Timer Time-out Period 7 18 33 ms | VDD =5V, -40°C to +85°C
(No Prescaler)
32* Tost | Oscillation Start-up Timer Period — 1024Tosc — — | Tosc = OSC1 period
33* Tpwrt | Power up Timer Period 28 72 132 ms | VDD =5V, -40°C to +85°C
34* Tioz 1/0 Hi-impedance from MCLR Low — — 100 ns
or Watchdog Timer Reset
35* TBOR | Brown-out Reset pulse width 100 — — us | VDD < VBOR (D005)
These parameters are characterized but not tested.
1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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NOTES:
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