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PIC16C62B/72A

2222

The OPTION_REG register is a readable and writable
register, which contains various control bits to configure
the TMRO prescaler/WDT postscaler (single assign-

OPTION_REG REGISTER

Note:

To achieve a 1:1 prescaler assignment for
the TMRO register, assign the prescaler to
the Watchdog Timer.

able register known as the prescaler), the External INT
Interrupt, TMRO and the weak pull-ups on PORTB.

REGISTER 2-2: OPTION_REG REGISTER (ADDRESS 81h)

bit 6:

bit 5:

bit 4:

bit 3:

bit 2-0:

1 = PORTB pull-ups are disabled

0 = PORTB pull-ups are enabled for all PORTB inputs
INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin

0 = Interrupt on falling edge of RBO/INT pin

TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)

TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin
PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT

0 = Prescaler is assigned to the Timer0 module
PS2:PS0: Prescaler Rate Select bits

Bit Value TMRO Rate = WDT Rate

000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128

RW-1  RW-1  RW-1  RW-1 RW-1  RW-1 RMW-1  RM-
| RBPU | INTEDG | Tocs | TosE | PsA | pPs2 | pPst | Pso | [R =Readable bit
bit7 bito |W = Writable bit
-n = Value at POR reset
bit 7: RBPU: PORTB Pull-up Enable bit
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5.0 TIMER1 MODULE

The Timer1 module timer/counter has the following fea-
tures:

¢ 16-bit timer/counter

* Readable and writable

* Internal or external clock select

¢ Interrupt on overflow from FFFFh to 0000h

* Reset from CCP module trigger

Timer1 has a control register, shown in Register 5-1.

Timer1 can be enabled/disabled by setting/clearing
control bit TMR1ON (T1CON<0>).

Figure 5-1 is a simplified block diagram of the Timer1
module.

Additional information on timer modules is available in
the PIC® MCU Mid-Range Reference Manual,
(DS33023).

5.1 Timer1 Operation

Timer1 can operate in one of these modes:

e As atimer
¢ As a synchronous counter
¢ As an asynchronous counter

The operating mode is determined by the clock select
bit, TMR1CS (T1CON<1>).

In timer mode, Timer1 increments every instruction
cycle. In counter mode, it increments on every rising
edge of the external clock input.

When the Timer1 oscillator is enabled (T1OSCEN is
set), the RC1/T10SI and RCO/T10SO/T1CKI pins
become inputs. That is, the TRISC<1:0> value is
ignored.

Timer1 also has an internal “reset input”. This reset can
be generated by the CCP module as a special event
trigger (Section 7.0).

REGISTER 5-1:T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)

u-0

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

| —  [rickesi|Tickpso|T10scEN| TTSYNC | TMR1CS | TMR1ON |

bit7

bit 7-6:
bit 5-4:

bit 3:

bit 2:

bit 1:

bit 0:

bit0

Unimplemented: Read as '0'

T1CKPS1:T1CKPSO0: Timer1 Input Clock Prescale Select bits
11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

T10SCEN: Timer1 Oscillator Enable Control bit
1 = Oscillator is enabled (TRISC<1:0> ignored)

0 = Oscillator is shut off

(The oscillator is turned off to reduce power drain

T1SYNC: Timer1 External Clock Input Synchronization Control bit
TMR1CS =1

1 = Do not synchronize external clock input

0 = Synchronize external clock input

TMR1CS =0

This bit is ignored. Timer1 uses the internal clock when TMR1CS = 0.
TMR1CS: Timer1 Clock Source Select bit

1 = External clock from pin RCO/T10SO/T1CKI (on the rising edge)

0 = Internal clock (Fosc/4)

TMR1ON: Timer1 On bit

1 = Enables Timer1
0 = Stops Timer1

R = Readable bit

W = Writable bit

U = Unimplemented bit,
read as ‘0’

-n = Value at POR reset

© 1998-2013 Microchip Technology Inc.
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NOTES:
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8.0 SYNCHRONOUS SERIAL PORT
(SSP) MODULE

8.1 SSP Module Overview

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

¢ Serial Peripheral Interface (SPI)

* Inter-Integrated Circuit (12C)

For more information on SSP operation (including an
I2C Overview), refer to the PIC® MCU Mid-Range Ref-
erence Manual, (DS33023). Also, refer to Application
Note AN578, “Use of the SSP Module in the 12C Multi-
Master Environment.”

8.2 SPI Mode

This section contains register definitions and opera-
tional characteristics of the SPI module.

Additional information on SPI operation may be found
in the PIC® MCU Mid-Range Reference Manual,
(DS33023).

8.2.1 OPERATION OF SSP MODULE IN SPI
MODE

A block diagram of the SSP Module in SPI Mode is
shown in Figure 8-1.

The SPI mode allows 8-bits of data to be synchro-
nously transmitted and received simultaneously. To
accomplish communication, three pins are used:

¢ Serial Data Out (SDO)RC5/SDO

¢ Serial Data In (SDI)RC4/SDI/SDA

¢ Serial Clock (SCK)RC3/SCK/SCL

Additionally, a fourth pin may be used when in a slave
mode of operation:

« Slave Select (SS)RA5/SS/AN4

When initializing the SPI, several options need to be

specified. This is done by programming the appropriate

control bits in the SSPCON register (SSPCON<5:0>)

and SSPSTAT<7:6>. These control bits allow the fol-

lowing to be specified:

* Master Operation (SCK is the clock output)

» Slave Mode (SCK is the clock input)

¢ Clock Polarity (Idle state of SCK)

¢ Clock Edge (Output data on rising/falling edge of
SCK)

¢ Clock Rate (master operation only)

¢ Slave Select Mode (Slave mode only)

To enable the serial port, SSP Enable bit, SSPEN

(SSPCON<5>) must be set. To reset or reconfigure SPI
mode, clear bit SSPEN, re-initialize the SSPCON reg-

ister, and then set bit SSPEN. This configures the SDI,
SDO, SCK and SS pins as serial port pins. For the pins
to behave as the serial port function, they must have
their data direction bits (in the TRISC register) appro-
priately programmed. That is:

¢ SDI must have TRISC<4> set

¢ SDO must have TRISC<5> cleared

¢ SCK (master operation) must have TRISC<3>
cleared

¢ SCK (Slave mode) must have TRISC<3> set
e SS must have TRISA<5> set (if used)

Note: When the SPl is in Slave Mode with SS pin
control enabled, (SSPCON<3:0> = 0100)
the SPI module will reset if the SS pin is set
to VDD.

Note: If the SPI is used in Slave Mode with
CKE ='1', then the SS pin control must be

enabled.

FIGURE 8-1: SSP BLOCK DIAGRAM
(SP1 MODE)

< Internal
Data Bus

Read Write

SSPBUF reg

‘ SSPSR reg |—>

RC4/SDI/SDA bit0 Shift

E e Clock
RC5/SDO T\J

S Control
Enable

RA5/SS/AN4 Edge
Select

Clock Select
SSPM3:SSPMO
TMR2 output
4 2
% | Edge
Select Prescaler| Tcy
RC3/SCK/ 4,16, 64
SCL
TRISC<3>
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8.3 SSP 12C Operation

The SSP module in 1°C mode fully implements all slave
functions, except general call support, and provides
interrupts on start and stop bits in hardware to support
firmware implementations of the master functions. The
SSP module implements the standard mode specifica-
tions, as well as 7-bit and 10-bit addressing.

Two pins are used for data transfer. These are the
RC3/SCK/SCL pin, which is the clock (SCL), and the
RC4/SDI/SDA pin, which is the data (SDA). The user
must configure these pins as inputs or outputs through
the TRISC<4:3> bits.

The SSP module functions are enabled by setting SSP
Enable bit SSPEN (SSPCON<5>).

FIGURE 8-2: SSP BLOCK DIAGRAM

(>C MODE)
< Internal
Data Bus
Read *@% Write
RC3/SCK/SCL ‘ SSPBUF reg ‘

|
|2 shift
clock

X <]~—{ SSPSR reg
MSb LSb

RC4/

SDI/ ._|>
SDA

| Matchdetect |- Addr Match

i

| ssPaDDreg |
Start and Set, Reset
Stop bit detect [ S, P bits
(SSPSTAT reg)

The SSP module has five registers for 1°C operation.
These are the:

¢ SSP Control Register (SSPCON)

e SSP Status Register (SSPSTAT)

¢ Serial Receive/Transmit Buffer (SSPBUF)

¢ SSP Shift Register (SSPSR) - Not accessible

e SSP Address Register (SSPADD)

The SSPCON register allows control of the 1°C opera-
tion. Four mode selection bits (SSPCON<3:0>) allow
one of the following 1°C modes to be selected:

* 12C Slave mode (7-bit address)
* 12C Slave mode (10-bit address)

* 12C Slave mode (7-bit address), with start and
stop bit interrupts enabled for firmware master
mode support

* 12C Slave mode (10-bit address), with start and
stop bit interrupts enabled for firmware master
mode support

* 12C start and stop bit interrupts enabled for firm-
ware master mode support, slave mode idle

Selection of any 12C mode, with the SSPEN bit set,
forces the SCL and SDA pins to be operated as open
drain outputs, provided these pins are programmed to
inputs by setting the appropriate TRISC bits.

Additional information on SSP I°C operation may be
found in the PIC® MCU Mid-Range Reference Manual,
(DS33023).

8.3.1 SLAVE MODE

In slave mode, the SCL and SDA pins must be config-
ured as inputs (TRISC<4:3> set). The SSP module will
override the input state with the output data when
required (slave-transmitter).

When an address is matched or the data transfer after
an address match is received, the hardware automati-
cally will generate the acknowledge (ACK) pulse, and
load the SSPBUF register with the received value in the
SSPSR register.

There are certain conditions that will cause the SSP
module not to give this ACK pulse. This happens if
either of the following conditions occur:

a) The buffer full bit BF (SSPSTAT<0>) was set
before the transfer was completed.

b) The overflow bit SSPOV (SSPCON<6>) was set
before the transfer was completed.

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit SSPIF (PIR1<3>) is set.
Table 8-2 shows what happens when a data transfer
byte is received, given the status of bits BF and SSPOV.
The shaded cells show the condition where user soft-
ware did not properly clear the overflow condition. Flag
bit BF is cleared by reading the SSPBUF register, while
bit SSPOV is cleared through software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
I°C specification, as well as the requirement of the SSP
module, is shown in timing parameter #100, THIGH, and
parameter #101, TLOW.

© 1998-2013 Microchip Technology Inc.
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8.3.1.3 TRANSMISSION

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit and the CKP will be cleared by
hardware, holding SCL low. Slave devices cause the
master to wait by holding the SCL line low. The transmit
data is loaded into the SSPBUF register, which in turn
loads the SSPSR register. When bit CKP (SSP-
CON<4>) is set, pin RC3/SCK/SCL releases SCL.
When the SCL line goes high, the master may resume
operating the SCL line and receiving data. The master
must monitor the SCL pin prior to asserting another
clock pulse. The slave devices may be holding off the
master by stretching the clock. The eight data bits are

FIGURE 8-4:

shifted out on the falling edge of the SCL input. This
ensures that the SDA signal is valid during the SCL
high time (Figure 8-4).

An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF must be cleared in software, and
the SSPSTAT register used to determine the status of
the byte. Flag bit SSPIF is set on the falling edge of the
ninth clock pulse.

As a slave-transmitter, the ACK pulse from the master-
receiver is latched on the rising edge of the ninth SCL
input pulse. If the SDA line was high (not ACK), then the
data transfer is complete. When the ACK is latched by
the slave, the slave logic is reset (resets SSPSTAT reg-
ister) and the slave then monitors for another occur-
rence of the START bit. If the SDA line was low (ACK),
the transmit data must be loaded into the SSPBUF reg-
ister, which also loads the SSPSR register. Then pin
RC3/SCK/SCL should be enabled by setting bit CKP.

12C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)

Receiving Address R/W = 1

Transmitting Data ACK

D7)( D6 X D5 X D4)X D3 X D2X D1 XDO )

SDA /A7 X A6 X AS X A4X A3 X A2 XAT)

, Data in

SSPIF (PIR1<3>)

BF (SSPSTAT<0>)

A SCL held Iow

. . while CPU
sampled responds to SSPIF

cleared in software

CKP (SSPCON<4>)

i

B

}From SSp interrupt
SSPBUF is written in software [ service routlne

1— Set bit after writing to SSPBUF
(the SSPBUF must be written-to
before the CKP bit can be set)
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10.0 SPECIAL FEATURES OF THE
CPU

The PIC16C62B/72A 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 Mode Selection
* Reset

- Power-on Reset (POR)

- Power-up Timer (PWRT)

- Oscillator Start-up Timer (OST)

- Brown-out Reset (BOR)
¢ |nterrupts
¢ Watchdog Timer (WDT)
e SLEEP
¢ Code protection
¢ |D locations
¢ In-circuit serial programming™ (ICSP)
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

FIGURE 10-1: CONFIGURATION WORD

other is the Power-up Timer (PWRT), which provides a
fixed delay on power-up only and is designed to keep
the part in reset while the power supply stabilizes. With
these two timers on-chip, most applications need no
external reset circuitry.

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 PIC® MCU Mid-Range Reference Manual,
(DS33023).

10.1 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.

‘ cP1 ‘ CcPO ‘ cP1 ‘ CcPO ‘ cP1 ‘ CPO ‘ — ‘ BODEN ‘ CcP1 ‘ CPO ‘W‘ WDTE ‘ FOSC1 ‘ FOSCO ‘ Register: CONFIG

bit13

bit 13-8 CP1:CPO0: Code Protection bits @
5-4: 11 = Code protection off

00 = All memory is code protected
bit 7: Unimplemented: Read as '1'

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

10 = Upper half of program memory code protected
01 = Upper 3/4th of program memory code protected

Address: 2007h

bit0

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

© 1998-2013 Microchip Technology Inc.
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TABLE 10-6 INITIALIZATION CONDITIONS FOR ALL REGISTERS
Register Applicable Power-on Reset, MCLR Resets Wake-up via WDT or
Devices Brown-out Reset WDT Reset Interrupt

W 62B 72A XXXK XKXX uuuu uuuu uuuu uuuu
INDF 62B 72A N/A N/A N/A
TMRO 62B 72A XXXKX XKXX uuuu uuuu uuuu uuuu
PCL 62B 72A 0000h 0000h pc + 1
STATUS 62B 72A 0001 1xxx 000g quuu(3) uuug quuu(3)
FSR 62B 72A XXKX XXXX uuuu uuuu uuuu uuuu
PORTA®) 62B 72A --0x 0000 --0u 0000 --uu uuuu
PORTB®) 62B 72A XXXX XXXX uuuu uuuu uuuu uuuu
PORTC®) 62B 72A XXXX XKXX uuuu uuuu uuuu uuuu
PCLATH 62B 72A ---0 0000 ---0 0000 ---u uuuu
INTCON 62B 72A 0000 000x 0000 000u uuuu uuuu(1)

62B 72A ---- 0000 ---- 0000 ==~ uwuuu®
PIR1

62B 72A -0-- 0000 -0-- 0000 —u-- uuuu(1)
TMR1L 62B 72A XXKX XXXX uuuu uuuu uuuu uuuu
TMR1H 62B 72A XXXK XKXX uuuu uuuu uuuu uuuu
T1CON 62B 72A --00 0000 --uu uuuu --uu uuuu
TMR2 62B 72A 0000 0000 0000 0000 uuuu uuuu
T2CON 62B 72A -000 0000 -000 0000 -uuu uuuu
SSPBUF 62B 72A XXKX KXXX uuuu uuuu uuuu uuuu
SSPCON 62B 72A 0000 0000 0000 0000 uuuu uuuu
CCPRI1L 62B 72A XXXK XKXX uuuu uuuu uuuu uuuu
CCPR1H 62B 72A XXXX XKXXX uuuu uuuu uuuu uuuu
CCP1CON 62B 72A --00 0000 --00 0000 --uu uuuu
ADRES 62B 72A XXKX XXXX uuuu uuuu uuuu uuuu
ADCONO 62B 72A 0000 00-0 0000 00-0 uuuu uu-u
OPTION_REG 62B 72A 1111 1111 1111 1111 uuuu uuuu
TRISA 62B 72A --11 1111 --11 1111 --uu uuuu
TRISB 62B 72A 1111 1111 1111 1111 uuuu uuuu
TRISC 62B 72A 1111 1111 1111 1111 uuuu uuuu

62B 72A ---- 0000 ---- 0000 ---- uuuu
PIET 62B 72A -0-- 0000 -0-- 0000 -u-- uuuu
PCON 62B 72A | - - og | === -- uag | ---- -- ugq
PR2 62B 72A 1111 1111 1111 1111 1111 1111
SSPADD 62B 72A 0000 0000 0000 0000 uuuu uuuu
SSPSTAT 62B 72A 0000 0000 0000 0000 uuuu uuuu
ADCONH1 62B 72A ---- -000 ---- -000 ---- -uuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as '0', g = value depends on condition

Note 1: One or more bits in INTCON and/or PIR1 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).
:  See Table 10-5 for reset value for specific condition.

3:
4: On any device reset, these pins are configured as inputs.
5

: This is the value that will be in the port output latch.

© 1998-2013 Microchip Technology Inc.
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10.12 Watchdog Timer (WDT)

The Watchdog Timer is a free running on-chip RC oscil-
lator which does not require any external components.
This RC oscillator is separate from the RC oscillator of
the OSC1/CLKIN pin. The WDT will run, even if the

The WDT time-out period (TwDT, parameter #31) is
multiplied by the prescaler ratio, when the prescaler is
assigned to the WDT. The prescaler assignment
(assigned to either the WDT or TimerQ) and prescaler
ratio are set in the OPTION_REG register.

clock on the OSC1/CLKIN and OSC2/CLKOUT pins of Note:  The CLRWDT and SLEEP instructions clear
the device has been stopped, for example, by execution the WDT and the post§caler, !f a}35|gned to
of a SLEEP instruction. the WDT, and prevent it from timing out and
enerating a device RESET condition.

During normal operation, a WDT time-out generates a 2 g
device RESET (Watchdog Timer Reset). If the device is
s e i el et ey, | NoterVinen a i eucion s ovotod

) — o and the prescaler is assigned to the WDT,
\?V?I?t;r |m?ar \iVa(ljke-upn). Tc\? -troh:'t 'nTtirrf ?:’f:us rteglster the prescaler count will be cleared, but the

© cleared upon a Yvatchdog e e-out. prescaler assignment is not changed.
The WDT can be permanently disabled by clearing
configuration bit WDTE (Section 10.1).
FIGURE 10-8: WATCHDOG TIMER BLOCK DIAGRAM

From TMRO Clock Source
(Figure 4-2)
[ o
| ™ > Postscaler
WDT Timer v
X i 8
% f 8-to-1MUX |-=#— PS2:PSO
WDT PSA
Enable Bit
¢——m To TMRO (Figure 4-2)

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

0* | A
MUX

Y

WDT
Time-out

-.— PSA

FIGURE 10-9: SUMMARY OF WATCHDOG TIMER REGISTERS

Address |Name Bit7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
2007h Config. bits BODEN CP1 CPO PWRTE WDTE | FOSC1 | FOSCO
81h OPTION_REG | RBPU INTEDG | TOCS | TOSE PSA PS2 PS1 PSO

Legend: Shaded cells are not used by the Watchdog Timer.
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FIGURE 10-10: WAKE-UP FROM SLEEP THROUGH INTERRUPT

‘atlaz2l ezl a4 ail @2l @3l a4 a1l .

v atl a2l a3l a4; a1l a2l @slas4’) atl @2l @3l a4’ a1l Q2] @3l @4,

Note 1: XT, HS or LP oscillator mode assumed.

OSC1I . . [ P /_\_/—\_: . . /—\_/—\_:
CLKOUT@) )\ /—\ M\ , TosT(2) | / \ A / \ .
1 1 1 ' 1 1 1 1 1
INT pin 1 ' | ( ' ' ' ' , ,

INTF flag ' [ ! \\ /' I 3
(INTCON<1>) ' ' , Interrupt Latency , , \
! ' ' ! ' I (Note 2) ! , .
SII\FI'(%I(BN <75) ! ' ' Processorin | ' i \ : . )
\ \ -— ! ! \ | | |
' | . SLEEP . , X . '
INSTRUCTION FLOW ' ' ! ' ' ' , .
Pc X PC {___PC+ D PC+2 X PC+2 X___PC+2 X 0004h ®____0005h }
\ i . 1 | ) i 1
}Q?QLZ‘ZJ"’” {j Inst(PC) = SLEEP | Inst(PC +1) ! ' InstPC+2) ! ' Inst(0004h) ' Inst(0005h) !
Ierl(setzﬂzt:‘teign ' Inst(PC - 1) [ SLEEP l + Inst(PC + 1) « Dummycycle Dummy cycle Inst(0004h)

2: TosT = 1024Tosc (drawing not to scale) This delay will not be there for RC osc mode.
3: GIE ="1"assumed. In this case after wake- up, the processor jumps to the interrupt routine. If GIE = '0', execution will continue in-line.
4: CLKOUT is not available in these osc modes, but shown here for timing reference.

10.14 Program Verification/Code Protection

If the code protection bits have not been programmed,
the on-chip program memory can be read out for verifi-
cation purposes.

Note:  Microchip does not recommend code pro-
tecting windowed devices.

10.15 |ID Locations

Four memory locations (2000h - 2003h) are designated
as ID locations where the user can store checksum or
other code-identification numbers. These locations are
not accessible during normal execution, but are read-
able and writable during program/verify. It is recom-
mended that only the 4 least significant bits of the ID
location are used.

For ROM devices, these values are submitted along
with the ROM code.

10.16 _In-Circuit Serial Programming™

PIC16CXXX microcontrollers can be serially pro-
grammed while in the end application circuit. This is
simply done with two lines for clock and data, and three
more lines for power, ground and the programming volt-
age. This allows customers to manufacture boards with
unprogrammed devices, and then program the micro-
controller just before shipping the product. This also
allows the most recent firmware or a custom firmware
to be programmed.

For complete details of serial programming, please
refer to the In-Circuit Serial Programming (ICSP™)
Guide, DS30277.
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IORLW Inclusive OR Literal with W
Syntax: [ label] IORLW k
Operands: 0<k<255

Operation: (W) .OR. k — (W)

Status Affected: Z

Description: The contents of the W register is
OR’ed with the eight bit literal 'k'. The
result is placed in the W register.

IORWF Inclusive OR W with f

Syntax: [ label] 1ORWF fd

Operands: 0<f<127
d e [0,1]

Operation: (W) .OR. (f) — (destination)

Status Affected:

z

Description: Inclusive OR the W register with regis-
ter 'f'. If 'd" is O, the result is placed in
the W register. If 'd' is 1, the result is
placed back in register 'f'.

MOVF Move f

Syntax: [ label] MOVF fd

Operands: 0<f<127
d e [0,1]

Operation: (f) — (destination)

Status Affected: Z

Description:

The contents of register f is moved to
a destination dependant upon the sta-
tus of d. If d = 0, destination is W reg-
ister. If d = 1, the destination is file
register f itself. d = 1 is useful to testa
file register since status flag Z is
affected.

MOVLW Move Literal to W
Syntax: [ label] MOVLW k
Operands: 0<k<255
Operation: k — (W)

Status Affected:  None

Description: The eight bit literal 'k' is loaded into W
register. The don’t cares will assem-
ble as 0’s.

MOVWF Move W to f

Syntax: [ label] MOVWF f

Operands: 0<f<127

Operation: (W) - (f)

Status Affected:  None

Description: Move data from W register to register
f'.

NOP No Operation

Syntax: [ label] NOP

Operands: None

Operation: No operation

Status Affected: None

Description: No operation.
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FIGURE 13-3: PIC16C62B/72A-04 VOLTAGE-FREQUENCY GRAPH
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13.1

DC Characteristics:

PIC16C62B/72A-04 (Commercial, Industrial, Extended)

PIC16C62B/72A-20 (Commercial, Industrial, Extended)

Standard Operating Conditions (unless otherwise stated)

Operating temperature  0°C < TA < +70°C for commercial
DC CHARACTERISTICS -40°C < TA < +85°C forindustrial
-40°C < Ta <+125°C for extended
Param | Sym Characteristic Min | Typt | Max | Units Conditions
No.
D001 VDD | Supply Voltage 4.0 - 5.5 V | XT, RC and LP osc mode
DOO1A 4.5 - 5.5 V | HS osc mode
VBOR* - 5.5 V | BOR enabled (Note 7)
D002* |VDR RAM Data Retention - 1.5 - \Y
Voltage (Note 1)
D003 VPOR | VDD Start Voltage to - Vss - V | See section on Power-on Reset for details
ensure internal
Power-on Reset signal
D004* |SvbD |VDD Rise Rate to 0.05 - - V/ms | PWRT enabled (PWRTE bit clear)
DO04A* ensure internal TBD - - PWRT disabled (PWRTE bit set)
Power-on Reset signal See section on Power-on Reset for details
D005 VBOR | Brown-out Reset 3.65 - 4.35 V | BODEN bit set
voltage trip point
D010 IDD Supply Current - 2.7 5 mA | XT, RC osc modes
(Note 2, 5) Fosc = 4 MHz, VDD = 5.5V (Note 4)
D013 - 10 20 mA | HS osc mode
Fosc =20 MHz, VbD = 5.5V
D020 IPD Power-down Current - 105 | 42 pA | VDD = 4.0V, WDT enabled,-40°C to +85°C
(Note 3, 5) - 1.5 16 pA | VDD = 4.0V, WDT disabled, 0°C to +70°C
D021 - 1.5 19 pA | VDD = 4.0V, WDT disabled,-40°C to +85°C
D021B - 25 19 pA | VDD = 4.0V, WDT disabled,-40°C to +125°C
Module Differential
Current (Note 6)
D022* | AlwDT | Watchdog Timer - 6.0 20 pA | WDTE BIT SET, VDD = 4.0V
D022A* | AIBOR | Brown-out Reset - TBD | 200 | pA |BODEN bit set, VDD = 5.0V

* These parameters are characterized but not tested.

1t 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
measured with the part in SLEEP mode, with all /O pins in hi-impedance state and tied to VDD and Vss.

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

5: Timer1 oscillator (when enabled) adds approximately 20 pA to the specification. This value is from charac-
terization and is for design guidance only. This is not tested.

6: The A current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IDD or IPD measurement.

7: This is the voltage where the device enters the Brown-out Reset. When BOR is enabled, the device will

perform a brown-out reset when VDD falls below VBOR.
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13.4.2 TIMING CONDITIONS

The temperature and voltages specified in Table 13-1
apply to all timing specifications unless otherwise
noted. Figure 13-4 specifies the load conditions for the
timing specifications.
TABLE 13-1: TEMPERATURE AND VOLTAGE SPECIFICATIONS - AC
AC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated)
Operating temperature  0°C < TA < +70°C for commercial
-40°C <TAa< +85°C forindustrial
-40°C < Ta <+125°C for extended
Operating voltage VDD range as described in DC spec Section 13.1 and Section 13.2.
LC parts operate for commercial/industrial temp’s only.

FIGURE 13-4: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS

Load condition 1 Load condition 2
VpD/2
RL Pin T CL
Vss
- —— CL
Pin RL = 464Q
Vss CL = 50pF for all pins except OSC2/CLKOUT

15 pF for OSC2 output
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FIGURE 13-10: CAPTURE/COMPARE/PWM TIMINGS

CCP1
(Capture Mode)

CCP1

(Compare or PWM Mode)

Note: Refer to Figure 13-4 for load conditions.

TABLE 13-6: CAPTURE/COMPARE/PWM REQUIREMENTS
Param | Sym Characteristic Min Typt | Max | Units | Conditions
No.
50 TccL | CCP1 input low | No Prescaler 0.5Tcy + 20 — — ns
time With Prescaler | PIC16CXX 10 — | = ns
PIC16LCXX 20 — — ns
51* TccH | CCP1 input high | No Prescaler 0.5Tcy + 20 — — ns
time With Prescaler | PIC16CXX 10 — | — | ns
PIC16LCXX 20 — — ns
52* TccP | CCP1 input period 3Tcy + 40 — — ns | N = prescale
N value (1,4, or 16)
53* TccR | CCP1 output rise time PIC16CXX — 10 25 ns
PIC16LCXX — 25 45 ns
54* TccF | CCP1 output fall time PIC16CXX — 10 25 ns
PIC16LCXX — 25 45 ns

* 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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FIGURE 13-15: I°C BUS START/STOP BITS TIMING

SCL

X
! ! /) : :
. N
START STOP
Condition Condition

Note: Refer to Figure 13-4 for load conditions.

TABLE 13-11: 12C BUS START/STOP BITS REQUIREMENTS

Parameter Sym Characteristic Min | Ty |Max| Unit Conditions
No. P s

90* TSu:STA | START condition | 100 kHzmode |4700| — | — | ns |Only relevant for repeated
Setup time 400 kHzmode | 600 | — | — START condition

91* THD:STA | START condition |100 kHz mode |4000| — | — ns | After this period the first clock
Hold time 400 kHz mode | 600 | — | — pulse is generated

92* Tsu:sTo | STOP condition |100 kHzmode |4700| — | — | ns
Setup time 400 kHzmode | 600 | — | —

93 THD:STO |STOP condition |100 kHzmode |4000| — | — ns
Hold time 400 kHz mode | 600 | — | —

* These parameters are characterized but not tested.
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FIGURE 13-16: I2C BUS DATA TIMING

SDA
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Refer to Figure 13-4 for load conditions.

TABLE 13-12: 1C BUS DATA REQUIREMENTS

Param. Sym Characteristic Min Max Units | Conditions
No.
100* THIGH Clock high time 100 kHz mode 4.0 — us Device must operate at a min-
imum of 1.5 MHz
400 kHz mode 0.6 — us Device must operate at a min-
imum of 10 MHz
SSP Module 1.5Tcy —
101* TLow Clock low time 100 kHz mode 4.7 — us Device must operate at a min-
imum of 1.5 MHz
400 kHz mode 1.3 — us Device must operate at a min-
imum of 10 MHz
SSP Module 1.5Tcy —
102* TR SDA and SCL rise 100 kHz mode — 1000 ns
time 400 kHz mode 20 +0.1Cb | 300 ns | Cb is specified to be from
10-400 pF
103* TF SDA and SCL fall 100 kHz mode — 300 ns
time 400 kHz mode 20 +0.1Cb | 300 ns | Cb is specified to be from
10-400 pF
90" TSU:STA START condition 100 kHz mode 4.7 — us Only relevant for repeated
setup time 400 kHz mode 0.6 _ us START condition
91~ THD:STA START condition hold | 100 kHz mode 4.0 — us After this period the first clock
time 400 kHz mode 0.6 _ 1S pulse is generated
106* THD:DAT Data input hold time | 100 kHz mode 0 — ns
400 kHz mode 0 0.9 us
107~ TSU:DAT Data input setup time | 100 kHz mode 250 — ns Note 2
400 kHz mode 100 — ns
92 Tsu:sTO STOP condition setup | 100 kHz mode 4.7 — us
time 400 kHz mode 0.6 — us
109 TAA Output valid from 100 kHz mode — 3500 ns Note 1
clock 400 kHz mode — — ns
110" TBUF Bus free time 100 kHz mode 4.7 — us Time the bus must be free
400 kHz mode 13 _ us before a new transmission
can start
Cb Bus capacitive loading — 400 pF

* These parameters are characterized but not tested.
As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300 ns) of the fall-

Note 1:

2:

ing edge of SCL to avoid unintended generation of START or STOP conditions.

A fast-mode (400 kHz) 12C-bus device can be used in a standard-mode (100 kHz) I°C-bus system, but the requirement Tsu:DAT >
250 ns must then be met. This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If
such a device does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line TR

max.+tsu;DAT = 1000 + 250 = 1250 ns (according to the standard-mode [’C bus specification) before the SCL line is released.
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FIGURE 13-17: A/D CONVERSION TIMING
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allows the SLEEP instruction to be executed.

Note 1: If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This

TABLE 13-14: A/D CONVERSION REQUIREMENTS

Param | Sym Characteristic Min Typt Max | Unit Conditions
No. S
130 TAD | A/D clock period PIC16CXX 1.6 — — us | Tosc based, VREF > 3.0V
PIC16LCXX 2.0 — — us | Tosc based, VREF full range
PIC16CXX 2.0 4.0 6.0 us |A/D RC Mode
PIC16LCXX 3.0 6.0 9.0 pus | A/D RC Mode
131 TcNv | Conversion time (not including S/H 11 — 11 TAD
time) (Note 1)
132 TAacaQ | Acquisition time Note2| 20 — us
5* — — us | The minimum time is the
amplifier settling time. This
may be used if the "new" input
voltage has not changed by
more than 1 LSb (i.e., 20.0 mV
@ 5.12V) from the last sam-
pled voltage (as stated on
CHOLD).

134 | Teco Q4 to A/D clock start — Tosc/2 — — | If the A/D clock source is
selected as RC, a time of Tcy
is added before the A/D clock
starts. This allows the SLEEP
instruction to be executed.

135 Tswc | Switching from convert — sample 15 — — TAD
time

* 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: ADRES register may be read on the following TcY cycle.
2: See Section 9.1 for min conditions.
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14.0 DC AND AC CHARACTERISTICS GRAPHS AND TABLES

The graphs and tables provided in this section are for design guidance and are not tested.

In some graphs or tables, the data presented are outside specified operating range (i.e., outside specified VDD
range). This is for information only and devices are guaranteed to operate properly only within the specified range.

The data presented in this section is a statistical summary of data collected on units from different lots over a period
of time and matrix samples. Typical' represents the mean of the distribution at 25°C. 'Max' or 'min' represents
(mean + 3c) or (mean - 3c) respectively, where o is standard deviation, over the whole temperature range.

Graphs and Tables not available at this time.

Data is not available at this time but you may reference the PIC16C72 Series Data Sheet (DS39016,) DC and AC char-
acteristic section, which contains data similar to what is expected.
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