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memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.
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PIC16C6X

FIGURE 4-6: PIC16C62/62A/R62/64/64A/ FIGURE 4-7: PIC16C63/R63/65/65A/R65
R64 REGISTER FILE MAP REGISTER FILE MAP
File Address File Address File Address File Address
00h INDF(™ INDF( 80h 00h INDF(™ INDF( 80h
01h TMRO OPTION 81h 01h TMRO OPTION 81h
02h PCL PCL 82h 02h PCL PCL 82h
03h STATUS STATUS 83h 03h STATUS STATUS 83h
04h FSR FSR 84h 04h FSR FSR 84h
05h PORTA TRISA 85h 05h PORTA TRISA 85h
06h PORTB TRISB 86h 06h PORTB TRISB 86h
07h PORTC TRISC 87h 07h PORTC TRISC 87h
08h PORTD® TRISD® 88h 08h PORTD® TRISD® 88h
09h PORTE® TRISE® 89h o9h PORTE® TRISE® 89h
0Ah PCLATH PCLATH 8Ah 0Ah PCLATH PCLATH 8Ah
0Bh INTCON INTCON 8Bh 0Bh INTCON INTCON 8Bh
0Ch PIR1 PIE1 8Ch 0Ch PIR1 PIE1 8Ch
0Dh 8Dh oDh PIR2 PIE2 8Dh
0OEh TMR1L PCON 8Eh OEh TMR1L PCON 8Eh
OFh TMR1H 8Fh OFh TMR1H 8Fh
10h T1CON 90h 10h T1CON 90h
11h TMR2 91h 11h TMR2 9th
12h T2CON PR2 92h 12h T2CON PR2 92h
13h SSPBUF SSPADD 93h 13h SSPBUF SSPADD 93h
14h SSPCON SSPSTAT 94h 14h SSPCON SSPSTAT 94h
15h CCPRIL 95h 15h CCPRIL 95h
16h CCPR1H 96h 16h CCPR1H 96h
17h CCP1CON 97h 17h CCP1CON 97h
18h 98h 18h RCSTA TXSTA 98h
19h TXREG SPBRG 99h
1Ah RCREG 9Ah
1Bh CCPR2L 9Bh
1Fh 9Fh 1Ch CCPR2H 9Ch
o0h AOh 1Dh | CCP2CON 9Dh
General
Purpose 1Eh 9Eh
General Register
Purpose CB;S: 1Fh 9Fh
Register
o 20h General General Adh
Purpose Purpose
7Fh FFh 7Fh Register Register FFh
Bank 0 Bank 1 Bank 0 Bank 1
[ Unimplemented data memory location; read as '0". ] Unimplemented data memory location; read as '0'.
Note 1: Not a physical register. Note 1: Not a physical register
2: PORTD and PORTE are not available on 2: PORTD and PORTE are not available on
the PIC16C62/62A/R62. the PIC16C63/R63.
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PIC16C6X

4226 PIE2 REGISTER

Applicable Devices

61]62]62A]R62]63[R63]64]64A[RE4]65]65A[RE5]66]67

This register contains the CCP2 interrupt enable bit.

FIGURE 4-20: PIE2 REGISTER (ADDRESS 8Dh)

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

U-0 U-0 U-0 U-0 U-0 U-0 U-0 R/W-0
[ — T = 1T = 1T =1 = — [ — Tccrae] [R =Readable bit
bit7 pito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset
bit 7-1:  Unimplemented: Read as '0'

© 1997-2013 Microchip Technology Inc.
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PIC16C6X

5.5 PORTE and TRISE Register

Applicable Devices
61]62]62A]R62]63|R63]64]64A|R64]65]65A]R65]66]67
PORTE has three pins, RE2/CS, RE1/WR, and
REO/RD which are individually configurable as inputs
or outputs. These pins have Schmitt Trigger input buf-
fers.

/O PORTE becomes control inputs for the micropro-
cessor port when bit PSPMODE (TRISE<4>) is set. In
this mode, the user must make sure that the
TRISE<2:0> bits are set (pins are configured as digital
inputs). In this mode the input buffers are TTL.

Figure 5-9 shows the TRISE register, which controls
the parallel slave port operation and also controls the
direction of the PORTE pins.

FIGURE 5-9: TRISE REGISTER (ADDRESS 89h)

FIGURE 5-8: PORTE BLOCK DIAGRAM
(IN /0 PORT MODE)

Data
= e X
WR
1/0 pin™
PORT kL
Data Latch
»— D Q
WR
TRIS CK L Schmitt
Trigger %7
input
TRIS Latch buffer
RD TRIS
Q D
EN
RD PORT {>0 —‘
Note 1: 1/0 pins have protection diodes to VDD and Vss.

0 = No word has been received
bit 6: OBF: Output Buffer Full Status bit

0 = The output buffer has been read

0 = No overflow occurred

bit 4: PSPMODE: Parallel Slave Port Mode Select bit
1 = Parallel slave port mode
0 = General purpose /O mode

bit 3: Unimplemented: Read as '0'

PORTE Data Direction Bits

bit 2: Bit2: Direction Control bit for pin RE2/CS
1 =Input
0 = Output

bit 1: Bit1: Direction Control bit for pin RE1/WR
1 = Input
0 = Output

bit 0: Bit0: Direction Control bit for pin REO/RD
1 = Input
0 = Output

R-0 R-0 R/W-0 R/W-0 U-0 R/W-1 R/W-1
[ BF | osBF | 1BOv [PpspmobE] — | [ it bit0 R = Readable bit
bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
- n = Value at POR reset
bit 7 : IBF: Input Buffer Full Status bit

1 = A word has been received and is waiting to be read by the CPU

1 = The output buffer still holds a previously written word

bit 5: IBOV: Input Buffer Overflow Detect bit (in microprocessor mode)
1 = A write occurred when a previously input word has not been read (must be cleared in software)

DS30234E-page 58
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PIC16C6X

5.6 1/0 Programming Considerations

Applicable Devices
61/62]62A]R62]63]R63]64]64A]RE4]65]65A]RE5]66]67

BI-DIRECTIONAL I/0 PORTS

5.6.1

Any instruction which writes, operates internally as a
read followed by a write operation. The BCF and BSF
instructions, for example, read the register into the
CPU, execute the bit operation and write the result back
to the register. Caution must be used when these
instructions are applied to a port with both inputs and
outputs defined. For example, a BSF operation on bit5
of PORTB will cause all eight bits of PORTB to be read
into the CPU. Then the BSF operation takes place on
bits5 and PORTB is written to the output latches. If
another bit of PORTB is used as a bi-directional 1/0 pin
(e.g., bit0) and it is defined as an input at this time, the
input signal present on the pin itself would be read into
the CPU and rewritten to the data latch of this particular
pin, overwriting the previous content. As long as the pin
stays in the input mode, no problem occurs. However, if
bit0 is switched into output mode later on, the content
of the data latch may now be unknown.

Reading the port register, reads the values of the port
pins. Writing to the port register writes the value to the
port latch. When using read-modify-write instructions
(ex. BCF, BSF, etc.) on a port, the value of the port pins
is read, the desired operation is done to this value, and
this value is then written to the port latch.

Example 5-4 shows the effect of two sequential
read-modify-write instructions on an I/O port.

FIGURE 5-10: SUCCESSIVE I/0 OPERATION

EXAMPLE 5-4: READ-MODIFY-WRITE
INSTRUCTIONS ON AN

/0 PORT

;Initial PORT settings: PORTB<7:4> Inputs
; PORTB<3:0> Outputs
;PORTB<7:6> have external pull-ups and are
;jnot connected to other circuitry

PORT latch PORT pins

BCF PORTB, 7 i 0lpp pppp  11lpp PpPppP
BCF PORTB, 6 i 10pp pppp 11pp PpPpP
BSF STATUS, RPO ;

BCF TRISB, 7 i 10pp pppp  1lpp pppp
BCF TRISB, 6 i 10pp pppp  10pp pPpPPP

;Note that the user may have expected the
;pin values to be 00pp pppp. The 2nd BCF
jcaused RB7 to be latched as the pin value

; (high) .

A pin actively outputting a Low or High should not be
driven from external devices at the same time in order
to change the level on this pin (“wired-or”, “wired-and”).
The resulting high output currents may damage the
chip.

5.6.2 SUCCESSIVE OPERATIONS ON I/O PORTS

The actual write to an I/O port happens at the end of an
instruction cycle, whereas for reading, the data must be
valid at the beginning of the instruction cycle
(Figure 5-10). Therefore, care must be exercised if a
write followed by a read operation is carried out on the
same I/O port. The sequence of instructions should be
such to allow the pin voltage to stabilize (load depen-
dent) before the next instruction which causes that file
to be read into the CPU is executed. Otherwise, the
previous state of that pin may be read into the CPU
rather than the new state. When in doubt, it is better to
separate these instructions with a NOP or another
instruction not accessing this 1/0 port.

1 Q1] Q2| Q3| Q4: Q1| Q2| Q3| Q4; Q1: Q2| Q3| Q4’ Q1| Q2| Q3| Q4;

Note:

write to
PORTB

PC )( PC )( PC +1 X PC+2 X PC+3 ) This example shows a write to PORTB
Ins;n:cl':'og . MOVWF PORTB :MOVF PORTB,W : . . followed by a read from PORTB.
etened . write to ' © . NOP NOP N )
' PORTB : . ' ote that:
RB7:RBO . Y . data setup time = (0.25TcCy - TPD)
' : ) : where TCY = instruction cycle
Port pin ' ' .
'sampled here: . TPD = propagation delay
Instruction - - TPD~ ‘ . Therefore, at higher clock frequencies,
executed ' NoP '

. MOVWF PORTB | MdVF PORTB,W ,

a write followed by a read may be prob-
lematic.

DS30234E-page 60
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PIC16C6X

8.3 Timer1 Operation in Asynchronous
Counter Mode

Applicable Devices
61]62]62A]R62[63|R6364]64A|R64[65]65A]RE5]66]67
If control bit TISYNC (T1CON<2>) is set, the external
clock input is not synchronized. The timer continues to
increment asynchronous to the internal phase clocks.
The timer will continue to run during SLEEP and gener-
ate an interrupt on overflow which will wake the proces-
sor. However, special precautions in software are
needed to read-from or write-to the Timer1 register
pair, TMR1L and TMR1H (Section 8.3.2).

In asynchronous counter mode, Timer1 cannot be used
as a time-base for capture or compare operations.

8.3.1 EXTERNAL CLOCK INPUT TIMING WITH
UNSYNCHRONIZED CLOCK

If control bit TISYNC is set, the timer will increment
completely asynchronously. The input clock must meet
certain minimum high time and low time requirements,
as specified in timing parameters (45 - 47).

8.3.2  READING AND WRITING TMR1 IN
ASYNCHRONOUS COUNTER MODE

Reading TMR1H or TMR1L, while the timer is running
from an external asynchronous clock, will ensure a
valid read (taken care of in hardware). However, the
user should keep in mind that reading the 16-bit timer
in two 8-bit values itself poses certain problems since
the timer may overflow between the reads.

For writes, it is recommended that the user simply stop
the timer and write the desired values. A write conten-
tion may occur by writing to the timer registers while the
register is incrementing. This may produce an unpre-
dictable value in the timer register.

Reading the 16-bit value requires some care.
Example 8-1 is an example routine to read the 16-bit
timer value. This is useful if the timer cannot be
stopped.

EXAMPLE 8-1: READING A 16-BIT
FREE-RUNNING TIMER

;  All Interrupts are disabled
MOVF TMR1H, W ;Read high byte
MOVWF TMPH ;
MOVF TMR1L, W ;Read low byte
MOVWF TMPL ;
MOVF TMR1H, W
SUBWF TMPH, w

;Read high byte

;Sub 1st read

;with 2nd read
BTFSC STATUS, Z ;jis result = 0
GOTO CONTINUE ;Good 16-bit read

; TMR1L may have rolled over between the read

; of the high and low bytes. Reading the high

; and low bytes now will read a good value.
MOVF TMR1H, W ;Read high byte
MOVWF TMPH
MOVF TMR1L, W
MOVWF TMPL ;

; Re-enable Interrupt (if required)

CONTINUE ;Continue with
: jyour code

jRead low byte

8.4 Timer1 Oscillator

Applicable Devices

61]62]62a]R62[63|R6364]64A|R64]65]65A]RE5]66]67

A crystal oscillator circuit is built in-between pins T10SI
(input) and T10SO (amplifier output). It is enabled by
setting control bit TTOSCEN (T1CON<3>). The oscilla-
tor is a low power oscillator rated up to 200 kHz. It will
continue to run during SLEEP. It is primarily intended
for a 32 kHz crystal. Table 8-1 shows the capacitor
selection for the Timer1 oscillator.

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

TABLE 8-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Osc Type Freq C1 c2
LP 32 kHz 33 pF 33 pF
100 kHz 15 pF 15 pF
200 kHz 15 pF 15 pF

These values are for design guidance only.

Crystals Tested:
32.768 kHz |Epson C-001R32.768K-A |+ 20 PPM

100 kHz Epson C-2 100.00 KC-P + 20 PPM

200 kHz STD XTL 200.000 kHz +20 PPM

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

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

© 1997-2013 Microchip Technology Inc.
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Applicable Devices

PIC16C6X

61]62]62A]R62]63]R63]64]64A]R64]65]65A]RE5]66]67

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 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. An example
would be in master mode where you are only sending
data (to a display driver), then both SDI and SS could
be used as general purpose outputs by clearing their
corresponding TRIS register bits.

Figure 11-10 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 firmware. 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

The master can initiate the data transfer at any time
because it controls the SCK. The master determines
when the slave (Processor 2) is to broadcast data by
the firmware protocol.

In master mode the data is transmitted/received as
soon as the SSPBUF register is written to. If the SPIl is
only going to receive, the SCK output could be disabled
(programmed as an input). The SSPSR register will
continue to shift in the signal present on the SDI pin at
the programmed clock rate. As each byte is received, it
will be loaded into the SSPBUF register as if a normal
received byte (interrupts and status bits appropriately
set). This could be useful in receiver applications as a
“line activity monitor” mode.

In slave mode, the data is transmitted and received as
the external clock pulses appear on SCK. When the
last bit is latched the interrupt flag bit SSPIF (PIR1<3>)
is set.

The clock polarity is selected by appropriately program-
ming bit CKP (SSPCON<4>). This then would give
waveforms for SPI communication as shown in
Figure 11-11, Figure 11-12, and Figure 11-13 where
the MSB is transmitted first. In master mode, the SPI
clock rate (bit rate) is user programmable to be one of
the following:

¢ Fosc/4 (or Tcy)

e Fosc/16 (or 4 » Tcy)

e Fosc/64 (or 16 * TCY)

¢ Timer2 output/2

This allows a maximum bit clock frequency (at 20 MHz)

of 5 MHz. When in slave mode the external clock must
meet the minimum high and low times.

In sleep mode, the slave can transmit and receive data
and wake the device from sleep.

FIGURE 11-10: SPI MASTER/SLAVE CONNECTION (PIC16C66/67)

: SPI Master SSPM3:SSPMO = 00xxb : : SPI Slave SSPM3:SSPMO = 010xb :
| SDO | _,sol |
| | o | |
| | | |
! Serial Input Buffer ! ! Serial Input Buffer !
[ (SSPBUF) [ ! (SSPBUF) [
| | | |
| | | |
| | | |
! ﬁ ! ! ﬁ !
| | | |
| Shift Register sol | - ! Sbo Shift Register |
| (SSPSR) | | (SSPSR) |
| | | |
w MSb LSb w [ MSb LSb \
| | | |
|  Serial Clock | |
‘ SCK | SCK ‘
| PROCESSOR 1 | | PROCESSOR 2 |

DS30234E-page 92
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Applicable Devices

PIC16C6X

61]62]62A]R62]63]R63]64]64A]R64]65]65A]RE5]66]67

11.4.4 MULTI-MASTER

The 12C protocol allows a system to have more than
one master. This is called multi-master. When two or
more masters try to transfer data at the same time, arbi-
tration and synchronization occur.

11.4.41 ARBITRATION

Arbitration takes place on the SDA line, while the SCL
line is high. The master which transmits a high when
the other master transmits a low loses arbitration
(Figure 11-22), and turns off its data output stage. A
master which lost arbitration can generate clock pulses
until the end of the data byte where it lost arbitration.
When the master devices are addressing the same
device, arbitration continues into the data.

FIGURE 11-22: MULTI-MASTER
ARBITRATION
(TWO MASTERS)

11.2.4.2 Clock Synchronization

Clock synchronization occurs after the devices have
started arbitration. This is performed using a wired-
AND connection to the SCL line. A high to low transition
on the SCL line causes the concerned devices to start
counting off their low period. Once a device clock has
gone low, it will hold the SCL line low until its SCL high
state is reached. The low to high transition of this clock
may not change the state of the SCL line, if another
device clock is still within its low period. The SCL line is
held low by the device with the longest low period.
Devices with shorter low periods enter a high wait-
state, until the SCL line comes high. When the SCL line
comes high, all devices start counting off their high
periods. The first device to complete its high period will
pull the SCL line low. The SCL line high time is deter-
mined by the device with the shortest high period,
Figure 11-23.

FIGURE 11-23: CLOCK SYNCHRONIZATION

transmitter 1 loses arbitration
/ DATA 1 SDA

DATA 1K /—\ /_“ ******

DATA 2™ /,—‘\ N
Ei(m =
scL T\ /_\ /\ /_\ M

Masters that also incorporate the slave function, and
have lost arbitration must immediately switch over to
slave-receiver mode. This is because the winning mas-
ter-transmitter may be addressing it.

Arbitration is not allowed between:

¢ A repeated START condition

* A STOP condition and a data bit

¢ A repeated START condition and a STOP condi-
tion

Care needs to be taken to ensure that these conditions

do not occur.

wait start counting
state HIGH period

CLK _\

counter
/ reset

LN Ty

SCL

DS30234E-page 98
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Applicable Devices

PIC16C6X

61]62]62A]R62]63]R63]64]64A]R64]65]65A]RE5]66]67

11.5.1.3 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 pin RC3/SCK/SCL is held
low. The transmit data must be loaded into the SSP-
BUF register, which also loads the SSPSR register.
Then pin RC3/SCK/SCL should be enabled by setting
bit CKP (SSPCON<4>). The master must monitor the
SCL pin prior to asserting another clock pulse. The
slave devices may be holding off the master by stretch-
ing the clock. The eight data bits are shifted out on the
falling edge of the SCL input. This ensures that the SDA
signal is valid during the SCL high time (Figure 11-26).

An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF must be cleared in software, and
the SSPSTAT register is 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.

FIGURE 11-26: 12C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)

Receiving Address RW = 1

SCL

, Data in
+ sampled

SSPIF (PIR1<3>)

BF (SSPSTAT<0>)

DA /AT X A6 X A5 X A4 A3 X A2 XA /D7) 06X D5 X 04 )X(D3)}(D2)(D1 X(DO )

SCL held Iow
e CPU
responds to SSPIF

Transmitting Data ACK

CKP (SSPCON<4>)

A ,
L cleared in software From SSP interrupt
SSPBUF is written in software }service routine

Set bit after writing to SSPBUF
(the SSPBUF must be written-to
before the CKP bit can be set)
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PIC16C6X

13.8 Power-down Mode (SLEEP)

Applicable Devices
61]62]62A]R62[63|R6364]64A|R64[65]65A]RE5]66]67
Power-down mode is entered by executing a SLEEP
instruction.

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

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

The MCLR/VPP pin must be at a logic high level
(VIHMmC).

13.8.1 WAKE-UP FROM SLEEP

The device can wake from SLEEP through one of the
following events:

1. External reset input on MCLR/VPP pin.

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

3. Interrupt from RBO/INT pin, RB port change, or
some peripheral interrupts.

External MCLR Reset will cause a device reset. All

other events are considered a continuation of program

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

in the STATUS register can be used to determine the

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

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

is cleared if WDT time-out occurred (and caused wake-

up).

The following peripheral interrupts can wake the device

from SLEEP:

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

SSP (Start/Stop) bit detect interrupt.

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

Parallel Slave Port read or write.

USART TX or RX (synchronous slave mode).

o0 hM 0N

Other peripherals can not generate interrupts since
during SLEEP, no on-chip Q clocks are present.

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

13.8.2 WAKE-UP USING INTERRUPTS

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

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

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

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

To ensure that the WDT is cleared, a CLRWDT instruc-
tion should be executed before a SLEEP instruction.
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RETLW Return with Literal in W RETURN Return from Subroutine
Syntax: [ label] RETLW k Syntax: [ label] RETURN
Operands: 0<k<255 Operands: None
Operation: k — (W); Operation: TOS - PC
TOS - PC Status Affected:  None
Status Affected:  None Encoding: ’ 00 ‘ 0000 ‘ 0000 ‘ 1000 ‘
Encoding: ‘ 11 | 01xx ‘ kkkk ‘ kkkk ‘ Description: Return from subroutine. The stack is
Description: The W register is loaded with the eight POPed and the top of the stack (TOS)
bit literal 'k'. The program counter is is loaded into the program counter. This
loaded from the top of the stack (the is a two cycle instruction.
return address). This is a two cycle Words: 1
instruction.
Cycles: 2
Words: 1 y
Q Cycle Activity: Q1 Q2 Q3 Q4
Cycles: 2 Y y!
L. 1st Cycle | Decode No- No- Pop from
Q Cycle Activity: Q1 Q2 Q3 Q4 4 Operation | Operation | the Stack
1st Cycle | Decode Read No- Write to 2nd Cycle No- No- No- No-
literal 'k' | Operation | W, Pop Operation | Operation | Operation | Operation
from the
Stack
2nd Cycle No- No- No- No- Example RETURN
Operation | Operation | Operation | Operation After Interrupt
PC = TOS
Example CALL TABLE ;W contains table
joffset value
. ;W now has table value
TABLE ApDWF PC ;W = offset
RETLW k1 ;Begin table
RETLW k2 ;
RETLW kn ; End of table

Before Instruction

W = 0x07
After Instruction
W = value of k8
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17.5 Timing Diagrams and Specifications
FIGURE 17-2: EXTERNAL CLOCK TIMIN

. Q4 X Q1 : Q2 ; Q3 . Q4 ' Qi I
. 1 : 1 1 . |
osci : ‘ ; : f
3<714>j '‘«-3-> <3 — 4——»'4147
- 2 > .
CLKOUT
TABLE 17-2: EXTERNAL CLOCK TIMING REQUIREMENTS
Parameter Sym | Characteristic Min | Typt Max Units | Conditions
No.
Fosc |External CLKIN Frequency DC — 4 MHz | XT and RC osc mode
(Note 1) DC — 4 MHz | HS osc mode (-04)
DC — 10 MHz | HS osc mode (-10)
DC — 20 MHz | HS osc mode (-20)
DC — 200 kHz | LP osc mode
Oscillator Frequency DC — 4 MHz | RC osc mode
(Note 1) 0.1 — 4 MHz | XT osc mode
4 — 20 MHz | HS osc mode
5 — 200 kHz |LP osc mode
1 Tosc | External CLKIN Period 250 — — ns | XT and RC osc mode
(Note 1) 250 — — ns | HS osc mode (-04)
100 — — ns |HS osc mode (-10)
50 — — ns | HS osc mode (-20)
5 — — ps | LP osc mode
Oscillator Period 250 — — ns | RC osc mode
(Note 1) 250 — 10,000 ns | XT osc mode
250 — 250 ns | HS osc mode (-04)
100 — 250 ns |HS osc mode (-10)
50 — 1,000 ns |HS osc mode (-20)
5 — — pus | LP osc mode
2 Tcy |lInstruction Cycle Time (Note 1)| 200 Tey DC ns | Tcy =4/Fosc
3 TosL, |External Clock in (OSC1) High | 100 — — ns | XT oscillator
TosH | or Low Time 25 — — us | LP oscillator
15 — — ns | HS oscillator
4 TosR, |External Clock in (OSC1) Rise — — 25 ns | XT oscillator
TosF | or Fall Time — — 50 ns | LP oscillator
— — 15 ns | HS oscillator
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: Instruction cycle period (TcY) equals four times the input oscillator time-base period. All specified values are based on
characterization data for that particular oscillator type under standard operating conditions with the device executing code.
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con-
sumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1/CLKIN pin.

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices.
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FIGURE 18-6: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS
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Note: Refer to Figure 18-1 for load conditions.

TABLE 18-5: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS

Param Sym Characteristic Min Typt | Max | Units [Conditions
No.
40* TtOH TOCKI High Pulse Width No Prescaler 0.5Tcy + 20 — — ns |Must also meet
With Prescaler 10 — | - ns |parameter 42
41 TtoL TOCKI Low Pulse Width No Prescaler 0.5Tcy + 20 — — ns [Must also meet
With Prescaler 10 — — ns |parameter 42
42 TtOP TOCKI Period No Prescaler Tcy + 40 — — ns
With Prescaler |Greater of: — — ns [N = prescale value
20 or Ty + 40 (2, 4, ..., 256)
N
45* THH T1CKI High Time |Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous, [PIC16C6X 15 — — ns |parameter 47
Prescaler = PIC16LC6X 25 — | = ns
2,48
Asynchronous |PIC16C6X 30 — — ns
PIC16LC6X 50 — — ns
46* THL T1CKI Low Time  |Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous, [PIC16C6X 15 — — ns |parameter 47
Prescaler = PIC16LC6X 25 — | = ns
2,4,8
Asynchronous |PIC16C6X 30 - - ns
PIC16LC6X 50 — — ns
47* THP T1CKI input period |Synchronous  [PIC16C6X Greater of: — — ns |N = prescale value
30 ORTCY + 40 (1,2,4,8)
N
PIC16LC6X  |Greater of: N = prescale value
50 OR_TCY + 40 (1,2,4,8)
N
Asynchronous |PIC16C6X 60 - - ns
PIC16LC6X 100 — — ns
Ft1 Timer1 oscillator input frequency range DC —_ 200 | kHz
(oscillator enabled by setting bit TIOSCEN)
48 TCKEZtmr1|Delay from external clock edge to timer increment 2Tosc — |7Tosc| —

*

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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19.0 ELECTRICAL CHARACTERISTICS FOR PIC16C65

Absolute Maximum Ratings t

Ambient temperature under bias
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 Vss pin .
Maximum current into VDD pin

-55°C to +85°C
-65°C to +150°C

-0.3V to (VDD + 0.3V)

-0.3Vto +7.5V
0V to +14V
0V to +14V

......................... 1.0W

Input clamp current, K (V1 < 0 OF VI > VDD).....ooceuieiriieiniieeitee ettt ettt et see ettt sese ettt s +20 mA

Output clamp current, lok (Vo < 0 or VO > VDD)
Maximum output current sunk by any 1/O pin
Maximum output current sourced by any 1/O pin
Maximum current sunk by PORTA, PORTB, and PORTE (combined)
Maximum current sourced by PORTA, PORTB, and PORTE (combined) ..
Maximum current sunk by PORTC and PORTD (combined)

Maximum current sourced by PORTC and PORTD (combined)

Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - X I0H} + X {(VDD-VOH) x IoH} + X (VoI x IoL)

Note 2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, may cause latch-up. Thus,
a series resistor of 50-100Q2 should be used when applying a “low” level to the MCLR pin rather than pulling
this pin directly to Vss.

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 19-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)
osc PIC16C65-04 PIC16C65-10 PIC16C65-20 PIC16LC65-04 JW Devices
RC | VDD: 4.0V to 6.0V VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V VDD: 3.0V to 6.0V VDD: 4.0V to 6.0V

IbD: 5 mA max. at 5.5V
IPD: 21 pA max. at 4V
Freq: 4 MHz max.

IDD: 2.7 mA typ. at 5.5V
IPD: 1.5 pA typ. at 4V
Freq: 4 MHz max.

IDD: 2.7 mA typ. at 5.5V
IPD: 1.5 pA typ. at 4V
Freq: 4 MHz max.

IDD: 3.8 mA max. at 3V
IPD: 800 pA max. at 3V
Freq: 4 MHz max.

IDD: 5 mA max. at 5.5V
IPD: 21 pA max. at 4V
Freq: 4 MHz max.

XT | VDD: 4.0V to 6.0V VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V VoD: 3.0V to 6.0V VDD: 4.0V to 6.0V
IDD: 5 mA max. at 5.5V | IbD: 2.7 mA typ. at 5.5V | IbD: 2.7 mA typ. at 5.5V| IDD: 3.8 mA max. at 3V | IbD: 5 mA max. at 5.5V
IPD: 21 pA max. at4V |IPD: 1.5 uAtyp. at4V |IPD: 1.5 uAtyp. at4V |IpD: 800 pA max. at 3V |IPD: 21 puA max. at 4V
Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max.
HS | VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V
IDD: 13.5 mA typ. at IbD: 15 mA max. at 5.5V| IbD: 30 mA max. at IbD: 30 mA max. at 5.5V
Not recommended for
5.5V 5.5V )
use in HS mode
IPD: 1.5 pA typ. at 4.5V [IPD 1.0 pAtyp. at 4.5V |IPD: 1.5 pA typ. at 4.5V IPD: 1.5 pAtyp. at 4.5V
Freq: 4 MHz max. Freq: 10 MHz max. Freq: 20 MHz max. Freq: 20 MHz max.
LP | VDD: 4.0V to 6.0V VbD: 3.0V to 6.0V VbD: 3.0V to 6.0V

IDD: 52.5 pA typ.

at 32 kHz, 4.0V
IPD: 0.9 pA typ. at 4.0V
Freq: 200 kHz max.

IbD: 105 pA max.
at 32 kHz, 3.0V
IPD: 800 pA max. at
3.0V 3.0V
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 recom-
mended that the user select the device type that ensures the specifications required.

IbD: 105 pA max.
at 32 kHz, 3.0V
IPD: 800 pA max. at

Not recommended for
use in LP mode

Not recommended for
use in LP mode
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19.2 DC Characteristics: PIC16LC65-04 (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 3.0 - 6.0 V  |LP, XT, RC osc configuration (DC - 4 MHz)
D002* | RAM Data Retention VDR - 1.5 - Vv
Voltage (Note 1)
D003 | VDD start voltage to VPOR - Vss - V | See section on Power-on Reset for details
ensure internal Power-on
Reset signal
D004* | VDD rise rate to ensure Svbp | 0.05 - - | V/Ims | See section on Power-on Reset for details
internal Power-on Reset
signal
D010 | Supply Current (Note 2, 5) | IDD - 2.0 | 3.8 | mA |[XT, RC osc configuration
Fosc = 4 MHz, VDD = 3.0V (Note 4)
D0O10A - 225 105 | pA |LP osc configuration
Fosc = 32 kHz, VDD = 4.0V, WDT disabled
D020 | Power-down Current IPD - 7.5 | 800 | pA |VDD = 3.0V, WDT enabled, -40°C to +85°C
D021 |(Note 3, 5) - 0.9 | 800 | pA |VDD= 3.0V, WDT disabled, 0°C to +70°C
D021A - 0.9 | 800 | pA |VDD=3.0V, WDT disabled, -40°C to +85°C
* These parameters are characterized but not tested.
1  Datain "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 I/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 and 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: Timer1 oscillator (when enabled) adds approximately 20 pA to the specification. This value is from character-

ization and is for design guidance only. This is not tested.
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FIGURE 19-3: CLKOUT AND I/O TIMING

o S

Note: Refer to Figure 19-1 for Ioéd conditions.

TABLE 19-3: CLKOUT AND I/O TIMING REQUIREMENTS

Parameter | Sym Characteristic Min Typt Max Units | Conditions
No.
10* TosH2ckL | OSC17T to CLKOUTY — 75 200 ns Note 1
11* TosH2ckH |OSC17T to CLKOUT? — 75 200 ns Note 1
12 TckR CLKOUT rise time — 35 100 ns Note 1
13* TckF CLKOUT fall time - 35 100 ns Note 1
14* TckL2ioV CLKOUT ! to Port out valid - — |0.5Tcy +20| ns Note 1
15 TioV2ckH | Port in valid before CLKOUT T 0.25Tcy +25 | — — ns Note 1
16 TckH2iol Port in hold after CLKOUT T 0 — — ns Note 1
17 TosH2ioV | OSC1T (Q1 cycle) to Port out valid — 50 150 ns
18* TosH2iol 0SC17 (Q2 cycle) to Port PIC16C65 100 — — ns
input invalid (1/O in hold time) PIC16LC65 200 — — ns
19* TioV2osH | Port input valid to OSC17 (/O in setup time) 0 — — ns
20* TioR Port output rise time PIC16C65 — 10 25 ns
PIC16LC65 — — 60 ns
21* TioF Port output fall time PIC16C65 — 10 25 ns
PIC16LC65 — — 60 ns
221t Tinp RBO/INT pin high or low time Tecy — — ns
231t Trbp RB7:RB4 change int high or low time Tecy — — 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.
1t These parameters are asynchronous events not related to any internal clock edge.
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc.
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FIGURE 19-8: SPI MODE TIMING
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Note: Refer to Figure 19-1 for load conditions
TABLE 19-8: SPI MODE REQUIREMENTS
Parameter Sym Characteristic Min Typt Max Units Conditions
No.
70 TssL2scH, SSI to SCKY or SCKT input Tey — — ns
TssL2scL
71 TscH SCK input high time (slave mode) Tcy +20 — — ns
72 TscL SCK input low time (slave mode) Tcy +20 — — ns
73 TdiV2scH, Setup time of SDI data input to SCK 50 — — ns
TdiV2scL edge
74 TscH2diL, Hold time of SDI data input to SCK 50 — — ns
TscL2diL edge
75 TdoR SDO data output rise time — 10 25 ns
76 TdoF SDO data output fall time — 10 25 ns
77 TssH2doZ SST to SDO output hi-impedance 10 — 50 ns
78 TscR SCK output rise time (master mode) — 10 25 ns
79 TscF SCK output fall time (master mode) — 10 25 ns
80 TscH2doV, SDO data output valid after SCK — — 50 ns
TscL2doV edge

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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21.3 DC Characteristics: PIC16CR63/R65-04 (Commercial, Industrial)
PIC16CR63/R65-10 (Commercial, Industrial)
PIC16CR63/R65-20 (Commercial, Industrial)
PIC16LCR63/R65-04 (Commercial, Industrial)

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 21.1 and
Section 21.2
Param Characteristic Sym Min |Typ, Max |Units Conditions
No. IS
Input Low Voltage
I/0 ports ViL
D030 with TTL buffer Vss - | 0.15VDD| V |For entire VDD range
DO030A Vss - 0.8V V |45V <VDD <5.5V
D031 with Schmitt Trigger buffer Vss - | 0.2VbD \Y
D032 |MCLR, OSC1 (in RC mode) Vss -] 02vbD | V
D033 |OSCH1 (in XT, HS and LP) Vss - | 03Vvbp | V |Notel
Input High Voltage
I/0 ports VIH -
D040 with TTL buffer 2.0 - VDD V |45V <VDD <5.5V
D040A 0.25VDD| - VDD V |For entire VDD range
+0.8V
D041 with Schmitt Trigger buffer 0.8VoD | - VDD V |For entire VDD range
D042 |MCLR 0.8VoD | - VDD \Y
D042A |OSC1 (XT, HS and LP) 0.7VoD | - VDD V  |Notel
D043 |OSCH1 (in RC mode) 0.9VDbD | - VDD \Y
D070 |PORTB weak pull-up current IPURB 50 |250, 400 pA |VDD =5V, VPIN = Vss
Input Leakage Current (Notes 2, 3)
D060 |I/O ports I - - +1 pA |Vss < VPIN < VDD, Pin at hi-
impedance
D061 |MCLR, RA4/TOCKI - - +5 pA |Vss <VPIN < VDD
D063 |OSCH1 - - +5 pA |Vss < VPIN < VDD, XT, HS and
LP osc configuration
Output Low Voltage
D080 I/0 ports VoL - - 0.6 V |loL=8.5mA, VDD =4.5V,
-40°C to +85°C
D083 |OSC2/CLKOUT (RC osc config) - - 0.6 V |loL=1.6 mA, VDD = 4.5V,
-40°C to +85°C
Output High Voltage
D090 |I/O ports (Note 3) VOH VDD-0.7| - - V |loH=-3.0 mA, VDD =4.5V,
-40°C to +85°C
D092 |OSC2/CLKOUT (RC osc config) VDD-0.7| - - V |loH=-1.3mA, VDD =4.5V,
-40°C to +85°C
D150* |Open-Drain High Voltage Vob - - 14 V |RA4 pin

*

These parameters are characterized but not tested.

t  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: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
PIC16C6X be driven with external clock in RC mode.

2: The leakage current on the MCLR/VPP pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input volt-
ages.

3: Negative current is defined as current sourced by the pin.
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22.4 Timing Parameter Symbology

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

1. TppS2ppS 3.Tcc:sT  (I°C specifications only)
2. TppS 4.Ts (1°C specifications only)
T

F Frequency T Time

Lowercase letters (pp) and their meanings:
PP

cc CCP1 osc OSCH1

ck CLKOUT rd RD

cs [ rw RD or WR

di SDI sC SCK

do SDO ss SS

dt Data in t0 TOCKI

io 1/0 port 1 T1CKI

mc MCLR wr WR

Uppercase letters and their meanings:
S

F Fall P Period

H High R Rise

| Invalid (Hi-impedance) Vv Valid

L Low z Hi-impedance
I2C only

AA output access High High

BUF Bus free Low Low

Tcc:sT (I2C specifications only)
cc

HD Hold SuU Setup
ST

DAT DATA input hold STO STOP condition

STA START condition
FIGURE 22-1: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS

Load condition 1 Load condition 2
Vbp/2
RL Pin T CL
Vss
- CL
Pin RL = 4640
Vss CL = 50 pF for all pins except OSC2/CLKOUT
Note 1: PORTD and PORTE are not imple- butincluding D and E outputs as ports
mented on the PIC16C66. 15 pF  for OSC2 output
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FIGURE 22-8: PARALLEL SLAVE PORT TIMING (PIC16C67)
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Note: Refer to Figure 22-1 for load conditions

TABLE 22-7: PARALLEL SLAVE PORT REQUIREMENTS (PIC16C67)

Parameter Sym Characteristic Min | Typt | Max | Units | Conditions
No.
62" Tdtv2wrH |Data in valid before WRT or CST (setup time) 20 — — ns
25 — — ns Extended
Range Only
63* TwrH2dtl |WRT or CST to data—in invalid (hold  |PIC16C67 20 — — ns
time) PIC16LC67 3| — | — | ns
64 TrdL2dtV |RDY{ and CSY to data—out valid — — 80 ns
— — 90 ns Extended
Range Only
65* TrdH2dtl |RDT or CST to data—out invalid 10 — 30 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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23.0 DC AND AC CHARACTERISTICS GRAPHS AND TABLES FOR:
PIC16C62, PIC16C62A, PIC16CR62, PIC16C63, PIC16C64, PIC16C64A,
PIC16CR64, PIC16C65A, PIC16C66, PIC16C67

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

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

Note: 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, while 'max’
or 'min' represents (mean +3c) and (mean -3c) respectively where o is standard deviation.

FIGURE 23-1: TYPICAL IpD vs. VoD (WDT DISABLED, RC MODE)
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FIGURE 23-2: MAXIMUM IpD vs. VbD (WDT DISABLED, RC MODE)
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