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PIC16C77X

4.2.1 SWITCHING PRESCALER ASSIGNMENT

The prescaler assignment is fully under software con-
trol, i.e., it can be changed “on the fly” during program

execution.

4.3

Timer0 Interrupt

The TMRO interrupt is generated when the TMRO reg-
ister overflows from FFh to 00h. This overflow sets bit
TOIF (INTCON<2>). The interrupt can be masked by

Note: To avoid an unintended device RESET, a c:ea:méginblt f:(rvelf SN;CQI_?:S;J)}T]BS ITOI:? rrrnustt bro:
specific instruction sequence (shown in the c.ea e t.so bafe y -e ble. tﬁ. u ?t e utp 'SI'?]
PICmicro™ Mid-Range Reference Man- ¥||<\:AeR0ro_ut|ne teore r? ena klng th s n errup.f °
ual, DS33023) must be executed when TMRo intorrupt cannot awaken the processor from
changing the prescaler assignment from since the timer s shut off during ’
TimerO to the WDT. This sequence must
be followed even if the WDT is disabled.

FIGURE 4-2: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER
CLKOUT (=Fosc/4) Data Bus
A 8
0 "J 1 %
RA4/TOCKI M
oin X U . SYNC
1 0 > 2 TMRO reg
X Cycles
TOSE ? ?
TOCS .
PSA Set flag bit TOIF
on Overflow
0 .
M 8-bit Prescaler
u
Watchdog 1 X 8
Timer
T PSA
| o T
WDT Enable bit
MUX |«—— PSA
WDT
Time-out
Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION_REG<5:0>).
TABLE 4-1 REGISTERS ASSOCIATED WITH TIMERO
Value on: Value on all
Address Name Bit7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
other resets
BOR
01h,101h | TMRO Timer0 module’s register XXXX XXXX | uuuu uuuu
0Bh,8Bh, | INTCON GIE PEIE TOIE | INTE | RBIE | TOIF | INTF RBIF | 0000 000x | 0000 000u
10Bh,18Bh
81h,181h | OPTION_REG | RBPU | INTEDG | TOCS | TOSE | PSA PS2 PS1 PSO |1111 1111 | 1111 1111
85h TRISA — — PORTA Data Direction Register --11 1111 | --11 1111
Legend: x =unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by Timer0.
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PIC16C77X

8.0 MASTER SYNCHRONOUS
SERIAL PORT (MSSP)
MODULE

The Master Synchronous Serial Port (MSSP) module is
a serial interface useful for communicating with other
peripheral or microcontroller devices. These peripheral
devices may be serial EEPROMs, shift registers, dis-
play drivers, A/D converters, etc. The MSSP module
can operate in one of two modes:

¢ Serial Peripheral Interface (SPI)
« Inter-Integrated Circuit (I12C™)

© 1999-2013 Microchip Technology Inc. Advance Information DS30275B-page 53
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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)
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Yes
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Reset BRG Repeated Start
condition done,

Clear RSEN,
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A
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8.2.18 MULTI -MASTER COMMUNICATION, BUS
COLLISION, AND BUS ARBITRATION

Multi-Master mode support is achieved by bus arbitra-
tion. When the master outputs address/data bits onto
the SDA pin, arbitration takes place when the master
outputs a '1' on SDA by letting SDA float high and
another master asserts a'0'. When the SCL pin floats
high, data should be stable. If the expected data on
SDAis a '1' and the data sampled on the SDA pin ='0',
then a bus collision has taken place. The master will
set the Bus Collision Interrupt Flag, BCLIF and reset
the I2C port to its IDLE state. (Figure 8-34).

If a transmit was in progress when the bus collision
occurred, the transmission is halted, the BF flag is
cleared, the SDA and SCL lines are de-asserted, and
the SSPBUF can be written to. When the user services
the bus collision interrupt service routine, and if the I°C
bus is free, the user can resume communication by
asserting a START condition.

If a START, Repeated Start, STOP, or Acknowledge
condition was in progress when the bus collision
occurred, the condition is aborted, the SDA and SCL
lines are de-asserted, and the respective control bits in
the SSPCON2 register are cleared. When the user
services the bus collision interrupt service routine, and
if the 12C bus is free, the user can resume communica-
tion by asserting a START condition.

The Master will continue to monitor the SDA and SCL
pins, and if a STOP condition occurs, the SSPIF bit will
be set.

A write to the SSPBUF will start the transmission of
data at the first data bit, regardless of where the trans-
mitter left off when bus collision occurred.

In multi-master mode, the interrupt generation on the
detection of start and stop conditions allows the deter-
mination of when the bus is free. Control of the I°C bus
can be taken when the P bit is set in the SSPSTAT reg-
ister, or the bus is idle and the S and P bits are cleared.

FIGURE 8-34: BUS COLLISION TIMING FOR TRANSMIT AND ACKNOWLEDGE

Data changes

SDA line pulled low
by another source

-

Sample SDA. While SCL is high
data doesn’t match what is driven
by the master.

Bus collision has occurred.

while SCL =0
l SDA released
by master
SDA
SCL
BCLIF

Set bus collision

f interrupt.
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FIGURE 9-4: ASYNCHRONOUS TRANSMISSION

Write to TXREG I qe

BRG outout Word 1 )J
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(shift logk)  —! L. | LT L1 L1 e 1
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) . WORD 1 . !
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TRMT bit WORD 1= :

(Transmit shift Transmit Shift Reg

reg. empty flag) ﬁ

“
—

FIGURE 9-5: ASYNCHRONOUS TRANSMISSION (BACK TO BACK)

Write to TXREG 1 I 55
Word 1 Word 2
BRG output or

@hitclocy ——  L—I LTt 1 o i 1 1 1

RCB/TX/CK (pin) : ) _ _ )
N_Start Bit Bit 0 Bit 1 it \Start Bit Bi
TXIF bit N ! it XS Bit7/8 /' Stop Bit _ wornS it 0
(interrupt reg. flag) T WORD 1 }
I | (C
JJ
TRMT bit WORD 1 ——» WORD 2
(Transmit shift Transmit Shift Reg. Transmit Shift Reg.

reg. empty flag)
]

C
JJ

Note: This timing diagram shows two consecutive transmissions.

TABLE 9-6 REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Value on: Value on
Address | Name Bit 7 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
19h TXREG | USART Transmit 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 Transmission.

Note 1: Bits PSPIE and PSPIF are reserved on the 28-pin devices, always maintain these bits clear.
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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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9.3 USART Synchronous Master Mode

In Synchronous Master mode, the data is transmitted in
a half-duplex manner i.e. transmission and reception
do not occur at the same time. When transmitting data,
the reception is inhibited and vice versa. Synchronous
mode is entered by setting bit SYNC (TXSTA<4>). In
addition enable bit SPEN (RCSTA<7>) is set in order to
configure the RC6/TX/CK and RC7/RX/DT 1/O pins to
CK (clock) and DT (data) lines respectively. The Master
mode indicates that the processor transmits the master
clock on the CK line. The Master mode is entered by
setting bit CSRC (TXSTA<7>).

9.3.1 USART SYNCHRONOUS MASTER
TRANSMISSION

The USART transmitter block diagram is shown in
Figure 9-3. The heart of the transmitter is the transmit
(serial) shift register (TSR). The shift register obtains its
data from the read/write transmit buffer register
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREG (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one Tcycle), the TXREG is empty and inter-
rupt bit, TXIF (PIR1<4>) is set. The interrupt can be

TABLE 9-8

enabled/disabled by setting/clearing enable bit TXIE
(PIE1<4>). Flag bit TXIF will be set regardless of the
state of enable bit TXIE and cannot be cleared in soft-
ware. It will reset only when new data is loaded into the
TXREG register. While flag bit TXIF indicates the status
of the TXREG register, another bit TRMT (TXSTA<1>)
shows the status of the TSR register. TRMT is a read
only bit which is set when the TSR is empty. No inter-
rupt logic is tied to this bit, so the user has to poll this
bit in order to determine if the TSR register is empty.
The TSR is not mapped in data memory so it is not
available to the user.

Steps to follow when setting up a Synchronous Master

Transmission:

1. Initialize the SPBRG register for the appropriate
baud rate (Section 9.1).

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN, and CSRC.

3. If interrupts are desired, then set enable bit
TXIE.

4. If 9-bit transmission is desired, then set bit TX9.

5. Enable the transmission by setting bit TXEN.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Start transmission by loading data to the
TXREG register.

REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

Value on: Value on all

Address | Name Bit 7 Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit1 Bit 0 POR,
other Resets

BOR
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
19h TXREG | USART Transmit Register 0000 0000 0000 0000
8Ch PIE1 PSPIEM | 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, read as '0'. Shaded cells are not used for Synchronous Master Transmission.

Note 1: Bits PSPIE and PSPIF are reserved on the 28-pin devices, always maintain these bits clear.

© 1999-2013 Microchip Technology Inc.

Advance Information

DS30275B-page 107



PIC16C77X

9.3.2 USART SYNCHRONOUS MASTER
RECEPTION

Once Synchronous mode is selected, reception is
enabled by setting either enable bit SREN (RCSTA<5>)
or enable bit CREN (RCSTA<4>). Data is sampled on
the RC7/RX/DT pin on the falling edge of the clock. If
enable bit SREN is set, then only a single word is
received. If enable bit CREN is set, the reception is
continuous until CREN is cleared. If both bits are set
then CREN takes precedence.

Steps to follow when setting up a Synchronous Master

Reception:

1. Initialize the SPBRG register for the appropriate
baud rate. (Section 9.1)

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN, and CSRC.

10.

Ensure bits CREN and SREN are clear.

If interrupts are desired, then set enable bit
RCIE.

If 9-bit reception is desired, then set bit RX9.

If a single reception is required, set bit SREN.
For continuous reception set bit CREN.
Interrupt flag bit RCIF will be set when reception
is complete and an interrupt will be generated if
enable bit RCIE was set.

Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

Read the 8-bit received data by reading the
RCREG register.

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

TABLE 9-9 REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

Value on: Value on all

Address | Name Bit7 |Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR,
other Resets

BOR
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 PSPIEM | ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMRAIE 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 read as '0'. Shaded cells are not used for Synchronous Master Reception.

Note 1: Bits PSPIE and PSPIF are reserved on the 28-pin devices, always maintain these bits clear.

FIGURE 9-11: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

Q2|Q3|Q4ie1[oz|os|ozsiQ1[Q2{Q3|Q4ie1[ino:s{oz{;Q1[Q2|Q3|Q4io1| 02[04Q4{:Q1[Q2{os{04i01| oz[oqmim[Q2|Q3|Q4iQ1[Q2{os{ozxio1| oz[os{mi
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Note: Timing diagram demonstrates SYNC master mode with bit SREN = '1' and bit BRGH ="0".
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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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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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TABLE 12-6  INITIALIZATION CONDITIONS FOR ALL REGISTERS

Register Devices Power-on Reset, MCLR Resets Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt

w 773 | 774 XXXX XXXX uuuu uuuu uuuu uuuu
INDF 773 | 774 N/A N/A N/A
TMRO 773 | 774 XXKX XXXX uuuu uuuu uuuu uuuu
PCL 773 | 774 0000h 0000h pc 4+ 1@
STATUS 773 | 774 0001 1xxx 000g quuu(3) uuug quuu(3)
FSR 773 | 774 XXKX XXXX uuuu uuuu uuuu uuuu
PORTA 773 | 774 --0x 0000 --0u 0000 --uu uuuu
PORTB 773 | 774 XXXX 11xx uuuu 1lluu uuuu uuuu
PORTC 773 | 774 XXXX XXXX uuuu uuuu uuuu uuuu
PORTD 773 | 774 XXKX XXXX uuuu uuuu uuuu uuuu
PORTE 773 | 774 ---- -000 ---- -000 ---- -uuu
PCLATH 773 | 774 ---0 0000 ---0 0000 ---u uuuu
INTCON 773 | 774 0000 000x 0000 000u uuuu uuuul®
PIR1 773 | 774 r000 0000 r000 0000 ruuu uuuu(”

773 | 774 0000 0000 0000 0000 wauu wuuu
PIR2 773 | 774 0--- 0--0 0--- 0--0 u--- u--ulM
TMR1L 773 | 774 XXKX XXXX uuuu uuuu uuuu uuuu
TMR1H 773 | 774 XXKX XXXX uuuu uuuu uuuu uuuu
T1CON 773 | 774 --00 0000 --uu uuuu --uu uuuu
TMR2 773 | 774 0000 0000 0000 0000 uuuu uuuu
T2CON 773 | 774 -000 0000 -000 0000 -uuu uuuu
SSPBUF 773 | 774 XXXX XXXX uuuu uuuu uuuu uuuu
SSPCON 773 | 774 0000 0000 0000 0000 uuuu uuuu
CCPRI1L 773 | 774 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1H 773 | 774 XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON 773 | 774 --00 0000 --00 0000 --uu uuuu
RCSTA 773 | 774 0000 000x 0000 000x uuuu uuuu
TXREG 773 | 774 0000 0000 0000 0000 uuuu uuuu
RCREG 773 | 774 0000 0000 0000 0000 uuuu uuuu
CCPR2L 773 | 774 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR2H 773 | 774 XXXX XXXX uuuu uuuu uuuu uuuu
CCP2CON 773 | 774 --00 0000 --00 0000 --uu uuuu
ADRESH 773 | 774 XXKX XXXX uuuu uuuu uuuu uuuu
ADCONO 773 | 774 0000 0000 0000 0000 uuuu uuuu
OPTION_REG 773 | 774 1111 1111 1111 1111 uuuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as '0', g = value depends

on condition

Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the
interrupt vector (0004h).
3: See Table 12-5 for reset value for specific condition.
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FIGURE 12-8: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vbp): CASE 1
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FIGURE 12-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vpbp): CASE 2
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FIGURE 12-10: SLOW RISE TIME (MCLR TIED TO VbD)
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NOTES:
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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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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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FIGURE 15-3: LOAD CONDITIONS

Load condition 1 Load condition 2

VDD/2

RL

o 2

Pin T Pin T’ CL
Vss Vss
RL = 464Q
CL = 50pF forall pins except OSC2, but including PORTD angPO utp S
ports
15 pF  for OSC2 output
Note: PORTD and PORTE are not implementedm CXA3.

%@% -
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17.7 K04-014 40-Lead Ceramic Dual In-line with Window (JW) — 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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=] -

o] [

=] -2

n =] 1

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 0.098 0.100 0.102 2.49 2.54 2.59
Lower Lead Width B 0.016 0.020 0.023 0.41 0.50 0.58
Upper Lead Width B1 0.050 0.053 0.055 1.27 1.33 1.40
Shoulder Radius R 0.000 0.005 0.010 0.00 0.13 0.25
Lead Thickness c 0.008 0.011 0.014 0.20 0.28 0.36
Top to Seating Plane A 0.190 0.205 0.220 4.83 5.21 5.59
Top of Lead to Seating Plane Al 0.117 0.135 0.153 2.97 3.43 3.89
Base to Seating Plane A2 0.030 0.045 0.060 0.00 1.14 1.52
Tip to Seating Plane L 0.135 0.140 0.145 3.43 3.56 3.68
Package Length D 2.040 2.050 2.060 51.82 52.07 52.32
Package Width E 0.514 0.520 0.526 13.06 13.21 13.36
Radius to Radius Width E1 0.560 0.580 0.600 14.22 14.73 15.24
Overall Row Spacing eB 0.610 0.660 0.710 15.49 16.76 18.03
Window Diameter w 0.340 0.350 0.360 8.64 8.89 9.14

Controlling Parameter.
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17.8  K04-076 44-Lead Plastic Thin Quad Flatpack (PT) 10x10x1 mm Body, 1.0/0.1 mm Lead Form

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
Pitch p 0.031 0.80

Number of Pins n 44 44

Pins along Width ni 11 11

Overall Pack. Height A 0.039 0.043 0.047 1.00 1.10 1.20
Shoulder Height A1l 0.015 0.025 0.035 0.38 0.64 0.89
Standoff A2 0.002 0.004 0.006 0.05 0.10 0.15
Shoulder Radius R1 0.003 0.003 0.010 0.08 0.08 0.25
Gull Wing Radius R2 0.003 0.006 0.008 0.08 0.14 0.20
Foot Length L 0.005 0.010 0.015 0.13 0.25 0.38
Foot Angle ) 0 3.5 7 0 3.5 7
Radius Centerline L1 0.003 0.008 0.013 0.08 0.20 0.33
Lead Thickness c 0.004 0.006 0.008 0.09 0.15 0.20
Lower Lead Width Bf 0.012 0.015 0.018 0.30 0.38 0.45
Outside Tip Length D1 0.463 0.472 0.482 11.75 12.00 12.25
Outside Tip Width E1 0.463 0.472 0.482 11.75 12.00 12.25
Molded Pack. Length D¥ 0.390 0.394 0.398 9.90 10.00 10.10
Molded Pack. Width E* 0.390 0.394 0.398 9.90 10.00 10.10
Pin 1 Corner Chamfer X 0.025 0.035 0.045 0.64 0.89 1.14
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 12 15 5 12 15

Controlling Parameter.
T Dimension “B” 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 “B.”
¥ 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.”
JEDEC equivalent:MS-026 ACB
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