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MICROCHIP

PIC16C62X

EPROM-Based 8-Bit CMOS Microcontrollers

Devices included in this data sheet:
Referred to collectively as PIC16C62X.

+ PIC16C620 . PIC16C620A
+ PIC16C621 . PIC16C621A
+ PIC16C622 . PIC16C622A

+ PIC16CR620A
High Performance RISC CPU:

* Only 35 instructions to learn

« All single cycle instructions (200 ns), except for
program branches which are two-cycle

* Operating speed:
- DC - 40 MHz clock input
- DC - 100 ns instruction cycle

Pin Diagrams

PDIP, SOIC, Windowed CERDIP
RA2/AN2/VREF w—»[+1 — 180 -«—» RA1/AN1
RAS/AN3 «—» [ 2 = 170 - RAO/ANO
RA4/TOCKI -3 & 16[F <— OSCI/CLKIN
MCLRNVPP — ] 4 = 15[ — OSC2/CLKOUT
Vss—» 5 & 14 =<— VDD
RBO/INT - [ 6 & 130 <+ RB7
RB1 «»[] 7 X 12[] < RB6
RB2 «— [] 8 11[] <« RB5
RB3 «—» [ 9 100 <«—» RB4
SSOP
RA2/AN2/VREF <a—» []*1 20 [ -« RA1/AN1
RA3/AN3 <«—» [] 2 19 0 <« RAO/ANO
RA4/TOCKI «— [ 3 =© 18[] <—— OSCI1/CLKIN
MCLR/VPP — [ 4 © 17 g —* OSC2/CLKOUT
Vss —» [ 5 o 160 <+— VDD
Vss—»[6 © 15[ <— VDD
RBO/INT «—»[ 7 R 14[0 <> RB7
RB1 «»[]8 > 130 <> RB6
RB2 <« [ 9 120 <« RB5
RB3 < 010 110 <« RB4

Device Program Data
Memory Memory
PIC16C620 512 80
PIC16C620A 512 926
PIC16CR620A 512 96
PIC16C621 1K 80
PIC16C621A 1K 96
PIC16C622 2K 128
PIC16C622A 2K 128

* Interrupt capability

» 16 special function hardware registers

» 8-level deep hardware stack

 Direct, Indirect and Relative addressing modes

Peripheral Features:

* 13 1/0O pins with individual direction control
 High current sink/source for direct LED drive
» Analog comparator module with:

- Two analog comparators

- Programmable on-chip voltage reference
(VREF) module

- Programmable input multiplexing from device
inputs and internal voltage reference

- Comparator outputs can be output signals

» TimerQ: 8-bit timer/counter with 8-bit
programmable prescaler

Special Microcontroller Features:

Power-on Reset (POR)

Power-up Timer (PWRT) and Oscillator Start-up
Timer (OST)

Brown-out Reset

Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

Programmable code protection

Power saving SLEEP mode

Selectable oscillator options

Serial in-circuit programming (via two pins)
Four user programmable ID locations

CMOS Technology:

Low power, high speed CMOS EPROM
technology

Fully static design
Wide operating range
- 25Vto 5.5V

Commercial, industrial and extended tempera-
ture range

Low power consumption

- <20mA @ 5.0V, 4.0 MHz

- 15 pA typical @ 3.0V, 32 kHz

- < 1.0 pA typical standby current @ 3.0V

© 2003 Microchip Technology Inc.

DS30235J-page 1



PIC16C62X

1.0 GENERAL DESCRIPTION

The PIC16C62X devices are 18 and 20-Pin ROM/
EPROM-based members of the versatile PICmicro®
family of low cost, high performance, CMOS, fully-
static, 8-bit microcontrollers.

All PICmicro microcontrollers employ an advanced
RISC architecture. The PIC16C62X devices have
enhanced core features, eight-level deep stack, and
multiple internal and external interrupt sources. The
separate instruction and data buses of the Harvard
architecture allow a 14-bit wide instruction word with
the separate 8-bit wide data. The two-stage instruction
pipeline allows all instructions to execute in a single
cycle, except for program branches (which require two
cycles). A total of 35 instructions (reduced instruction
set) are available. Additionally, a large register set
gives some of the architectural innovations used to
achieve a very high performance.

PIC16C62X microcontrollers typically achieve a 2:1
code compression and a 4:1 speed improvement over
other 8-bit microcontrollers in their class.

The PIC16C620A, PIC16C621A and PIC16CR620A
have 96 bytes of RAM. The PIC16C622(A) has 128
bytes of RAM. Each device has 13 I/O pins and an 8-
bit timer/counter with an 8-bit programmable prescaler.
In addition, the PIC16C62X adds two analog compara-
tors with a programmable on-chip voltage reference
module. The comparator module is ideally suited for
applications requiring a low cost analog interface (e.g.,
battery chargers, threshold detectors, white goods
controllers, etc).

PIC16C62X devices have special features to reduce
external components, thus reducing system cost,
enhancing system reliability and reducing power con-
sumption. There are four oscillator options, of which the
single pin RC oscillator provides a low cost solution, the
LP oscillator minimizes power consumption, XT is a
standard crystal, and the HS is for High Speed crystals.
The SLEEP (Power-down) mode offers power savings.
The user can wake-up the chip from SLEEP through
several external and internal interrupts and RESET.

A highly reliable Watchdog Timer with its own on-chip
RC oscillator provides protection against software
lock- up.

A UV-erasable CERDIP-packaged version is ideal for
code development while the cost effective One-Time-
Programmable (OTP) version is suitable for production
in any volume.

Table 1-1 shows the features of the PIC16C62X mid-
range microcontroller families.

A simplified block diagram of the PIC16C62X is shown
in Figure 3-1.

The PIC16C62X series fits perfectly in applications
ranging from battery chargers to low power remote
sensors. The EPROM  technology = makes

customization of application programs (detection
levels, pulse generation, timers, etc.) extremely fast
and convenient. The small footprint packages make
this microcontroller series perfect for all applications
with space limitations. Low cost, low power, high
performance, ease of use and /O flexibility make the
PIC16C62X very versatile.

1.1 Family and Upward Compatibility

Those users familiar with the PIC16C5X family of
microcontrollers will realize that this is an enhanced
version of the PIC16C5X architecture. Please refer to
Appendix A for a detailed list of enhancements. Code
written for the PIC16C5X can be easily ported to
PIC16C62X family of devices (Appendix B). The
PIC16C62X family fills the niche for users wanting to
migrate up from the PIC16C5X family and not needing
various peripheral features of other members of the
PIC16XX mid-range microcontroller family.

1.2 Development Support

The PIC16C62X family is supported by a full-featured
macro assembler, a software simulator, an in-circuit
emulator, a low cost development programmer and a
full-featured programmer. Third Party “C” compilers are
also available.

© 2003 Microchip Technology Inc.
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PIC16C62X

FIGURE 3-1: BLOCK DIAGRAM
. Program Data Memory
Device Memory (RAM)
PIC16C620 512 x 14 80x8
PIC16C620A 512 x 14 96 x 8
PIC16CR620A 512 x 14 96 x 8
PIC16C621 1K x 14 80x8
PIC16C621A 1K x 14 96 x8
PIC16C622 2K x 14 128 x 8
PIC16C622A 2Kx 14 128 x 8
Voltage
13 Data Bus 8 Reference
/[ Program Gounter |
EPROM lL
Fl\’/lrogram 8-Level Stack RAM [
emory (13-bit) File
Registers
Program
Bus 14 RAM Addr (1) ? 9 Comparator
\/ RAO/ANO
Instruction reg % RA1/AN1
H Direct Addr 7 ] Indirect <3 X RA2/AN2IVREF
1 <3 X RA3/AN3
»L‘
L TMRO
3 p—
qu_wer—up
imer
Instruction P Oscillator — & RA4/TOCKI
DSS?]?&& Start-up Timer ALU
|
Power-on —
Timing Reset
X1 Generation [<— | Watchdog 1/O Ports
OSC1/CLKIN Timer I
0OSC2/CLKOUT
Brown-out
Reset
= =[] PORTB
MCLR VDD, Vss
Note 1: Higher order bits are from the STATUS register.
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4226

PCON Register

The PCON register contains flag bits to differentiate
between a Power-on Reset, an external MCLR Reset,
WDT Reset or a Brown-out Reset.

Note:

BOR is unknown on Power-on Reset. It
must then be set by the user and checked
on subsequent RESETS to see if BOR is
cleared, indicating a brown-out has
occurred. The BOR STATUS bit is a "don't
care" and is not necessarily predictable if
the brown-out circuit is disabled (by
programming BODEN bit in the

Configuration word).

REGISTER 4-6:

u-0 u-0 u-0

PCON REGISTER (ADDRESS 8Eh)

uU-0

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

L =1 = [ =

= = POR BOR

bit 7

bit 7-2 Unimplemented: Read as '0'

bit 1

bit 0

POR: Power-on Reset STATUS bit
1 = No Power-on Reset occurred

bit 0

0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

BOR: Brown-out Reset STATUS bit
1 = No Brown-out Reset occurred

0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)

Legend:
R = Readable bit W = Writable bit
- n = Value at POR ‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared x = Bit is unknown

DS30235J-page 22
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FIGURE 5-3: BLOCK DIAGRAM OF RA3 PIN
gata Comparator Mode = 110
us D Q
WR Comparator Output {>o VDD VDD
PORTA ! cK~_Q > D—) > P
Data Latch
oD Q
L] RA3 Pin
" B
TRISA | cK-Q Vss
TRIS Latch Vss
Analog
. Input Mode
Schmitt Trigger /j
RD TRISA Input Buffer
| Q D
EN
RD PORT, {>O
- To Comparator
FIGURE 5-4: BLOCK DIAGRAM OF RA4 PIN
gata Comparator Mode = 110
us D Q
WR Comparator Output {>o
s Reshabic )
Data Latch
D Q
WR > N RA4 Pin
TRIS Latch Vss
‘ I
Schmitt Trigger
RD TRISA Input Buffer
| Q D
EN
RD PORT, {>0
~TMRO Clock Input
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6.0 TIMERO MODULE

The Timer0 module timer/counter has the following
features:

* 8-bit timer/counter

* Readable and writable

+ 8-bit software programmable prescaler
* Internal or external clock select

* Interrupt on overflow from FFh to 00h
» Edge select for external clock

Figure 6-1 is a simplified block diagram of the Timer0
module.

Timer mode is selected by clearing the TOCS bit
(OPTION<5>). In Timer mode, the TMRO will increment
every instruction cycle (without prescaler). If Timer0 is
written, the increment is inhibited for the following two
cycles (Figure 6-2 and Figure 6-3). The user can work
around this by writing an adjusted value to TMRO.

Counter mode is selected by setting the TOCS bit. In
this mode, Timer0 will increment either on every rising
or falling edge of pin RA4/TOCKI. The incrementing
edge is determined by the source edge (TOSE) control
bit (OPTION<4>). Clearing the TOSE bit selects the
rising edge. Restrictions on the external clock input are
discussed in detail in Section 6.2.

FIGURE 6-1: TIMERO BLOCK DIAGRAM

The prescaler is shared between the TimerO0 module
and the Watchdog Timer. The prescaler assignment is
controlled in software by the control bit PSA
(OPTION<3>). Clearing the PSA bit will assign the
prescaler to Timer0. The prescaler is not readable or
writable. When the prescaler is assigned to the Timer0

module, prescale value of 1:2, 1:4, ..., 1:256 are
selectable. Section 6.3 details the operation of the
prescaler.

6.1 TIMERO Interrupt

TimerOQ interrupt is generated when the TMRO register
timer/counter overflows from FFh to 00h. This overflow
sets the TOIF bit. The interrupt can be masked by
clearing the TOIE bit (INTCON<5>). The TOIF bit
(INTCON<2>) must be cleared in software by the
Timer0 module interrupt service routine before re-
enabling this interrupt. The TimerO interrupt cannot
wake the processor from SLEEP, since the timer is shut
off during SLEEP. See Figure 6-4 for TimerQ interrupt
timing.

RA4/TOCKI Fosc/4

Data Bus
PSout 8

Sync with
Internal TMRO

Tl

Programmable | |
Prescaler

clocks
0 PSout

TOSE $

PS<2:0>
TOCS

Note 1: Bits TOSE, TOCS, PS2, PS1, PSO and PSA are located in the OPTION register.
2: The prescaler is shared with Watchdog Timer (Figure 6-6).

(2 Tcy delay)

Set Flag bit TOIF
PSA on Overflow

FIGURE 6-2: TIMERO (TMRO) TIMING: INTERNAL CLOCK/NO PRESCALER

PPC . Q1) Q2| Q3| @4, Q1| Q2| Q3| @4, Q1] Q2| Q3| Q4,Q1| Q2| Q3| Q4, Q1| Q2| Q3| Q4,Q1| Q2| Q3| Q4, Q1| Q2| Q3| Q4, Q1| Q2| Q3| Q4,
rogram | ! | | | ] ! !
Eounter) ( PC-T__¥ PC X PC+T__Y PC¥Z__ ) PC+3 X PCH__ % PC+5 X PC¥6__)

'ggttgﬂdion ! ' MOVWF TMROMOVF TMRO,AWMOVF TMR0,\MOVF TMR0, WMOVF TMR0, WMOVF TMRO,W
TMRO _T0 (TR (L ToR2 X, NTO Z (T NTOFT (. NTO¥2 H(
Instruction : : : * : * : * : * : * : * :
Executed ' ' Write TMRO ' Read TMRO' Read TMRO' Read TMRO' Read TMRO ' Read TMRO '
executed reads NTO reads NTO reads NTO reads NTO + 1 reads NTO + 2

© 2003 Microchip Technology Inc.
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PIC16C62X

The code example in Example 7-1 depicts the steps
required to configure the comparator module. RA3 and
RA4 are configured as digital output. RAO and RA1 are
configured as the V- inputs and RA2 as the V+ input to
both comparators.
EXAMPLE 7-1: INITIALIZING

COMPARATOR MODULE

MOVLW 0x03 ;Init comparator mode
MOVWE  CMCON ;CM<2:0> = 011

CLRF PORTA ;Init PORTA
BSF STATUS, RPO ;Select Bankl
MOVLW 0x07 ;Initialize data direction
MOVWE TRISA ;Set RA<2:0> as inputs
;RA<4:3> as outputs

; TRISA<7:5> always read ‘0
BCF STATUS, RPO ;Select Bank 0

CALL DELAY 10 ;10ps delay

MOVF CMCON, F ;Read CMCONtoendchangecondition

BCF PIR1,CMIF ;Clear pending interrupts

BSF STATUS, RPO ;Select Bank 1

BSF PIE1l,CMIE ;Enable comparator interrupts
BCF STATUS, RPO ;Select Bank 0

BSF INTCON, PEIE ;Enable peripheral interrupts
BSF INTCON, GIE ;Global interrupt enable

7.2 Comparator Operation

A single comparator is shown in Figure 7-2 along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input VIN-, the output of the comparator
is a digital low level. When the analog input at VIN+ is
greater than the analog input VIN-, the output of the
comparator is a digital high level. The shaded areas of
the output of the comparator in Figure 7-2 represent
the uncertainty due to input offsets and response time.

7.3 Comparator Reference

An external or internal reference signal may be used
depending on the comparator Operating mode. The
analog signal that is present at VIN- is compared to the
signal at VIN+, and the digital output of the comparator
is adjusted accordingly (Figure 7-2).

FIGURE 7-2: SINGLE COMPARATOR
VIN+
Output
VIN-

7.31 EXTERNAL REFERENCE SIGNAL

When external voltage references are used, the
comparator module can be configured to have the
comparators operate from the same or different
reference sources. However, threshold detector
applications may require the same reference. The
reference signal must be between Vss and VDD, and
can be applied to either pin of the comparator(s).

7.3.2 INTERNAL REFERENCE SIGNAL

The comparator module also allows the selection of an
internally generated voltage reference for the
comparators. Section 10, Instruction Sets, contains a
detailed description of the Voltage Reference Module
that provides this signal. The internal reference signal
is used when the comparators are in mode
CM<2:0>=010 (Figure 7-1). In this mode, the internal
voltage reference is applied to the VIN+ pin of both
comparators.

© 2003 Microchip Technology Inc.
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9.4 Power-on Reset (POR), Power-up
Timer (PWRT), Oscillator Start-up
Timer (OST) and Brown-out Reset
(BOR)

9.41 POWER-ON RESET (POR)

The on-chip POR circuit holds the chip in RESET until
VDD has reached a high enough level for proper
operation. To take advantage of the POR, just tie the
MCLR pin through a resistor to VDD. This will eliminate
external RC components usually needed to create
Power-on Reset. A maximum rise time for VDD is
required. See Electrical Specifications for details.

The POR circuit does not produce an internal RESET
when VDD declines.

When the device starts normal operation (exits the
RESET condition), device operating parameters (volt-
age, frequency, temperature, etc.) must be met to
ensure operation. If these conditions are not met, the
device must be held in RESET until the operating
conditions are met.

For additional information, refer to Application Note
ANG607, “Power-up Trouble Shooting”.

9.4.2 POWER-UP TIMER (PWRT)

The Power-up Timer provides a fixed 72 ms (nominal)
time-out on power-up only, from POR or Brown-out
Reset. The Power-up Timer operates on an internal RC
oscillator. The chip is kept in RESET as long as PWRT
is active. The PWRT delay allows the VDD to rise to an
acceptable level. A configuration bit, PWRTE can
disable (if set) or enable (if cleared or programmed) the
Power-up Timer. The Power-up Timer should always
be enabled when Brown-out Reset is enabled.

The Power-up Time delay will vary from chip-to-chip
and due to VDD, temperature and process variation.
See DC parameters for details.

9.4.3 OSCILLATOR START-UP TIMER
(OST)

The Oscillator Start-Up Timer (OST) provides a 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over. This ensures that the crystal
oscillator or resonator has started and stabilized.

The OST time-out is invoked only for XT, LP and HS
modes and only on Power-on Reset or wake-up from
SLEEP.

9.4.4 BROWN-OUT RESET (BOR)

The PIC16C62X members have on-chip Brown-out
Reset circuitry. A configuration bit, BODEN, can
disable (if clear/programmed) or enable (if set) the
Brown-out Reset circuitry. If VDD falls below 4.0V refer
to VBOR parameter D005 (VBOR) for greater than
parameter (TBOR) in Table 12-5. The brown-out situa-
tion will RESET the chip. A RESET won’t occur if VDD
falls below 4.0V for less than parameter (TBOR).

On any RESET (Power-on, Brown-out, Watchdog, etc.)
the chip will remain in RESET until VDD rises above
BVDD. The Power-up Timer will now be invoked and will
keep the chip in RESET an additional 72 ms.

If VDD drops below BVDD while the Power-up Timer is
running, the chip will go back into a Brown-out Reset
and the Power-up Timer will be re-initialized. Once VDD
rises above BVDD, the Power-Up Timer will execute a
72 ms RESET. The Power-up Timer should always be
enabled when Brown-out Reset is enabled. Figure 9-7
shows typical Brown-out situations.

FIGURE 9-7: BROWN-OUT SITUATIONS
VDD
______________ N/  _ _ _ _ _ _ _______ BV
o -
|
INTERNAL | —
RESET 72ms
Voo -____________W _____________ BVbD
NS N\
|
INTERNAL <oms #¥—A
RESET 72ms
VDD
_________________________________ BVDD
X A
I
INTERNAL pu—
RESET 72ms
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945 TIME-OUT SEQUENCE

On power-up the time-out sequence is as follows: First
PWRT time-out is invoked after POR has expired. Then
OST is activated. The total time-out will vary based on
oscillator configuration and PWRTE bit status. For
example, in RC mode with PWRTE bit erased (PWRT
disabled), there will be no time-out at all. Figure 9-8,
Figure 9-9 and Figure 9-10 depict time-out sequences.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire. Then
bringing MCLR high will begin execution immediately
(see Figure 9-9). This is useful for testing purposes or
to synchronize more than one PIC16C62X device
operating in parallel.

Table 9-4 shows the RESET conditions for some
special registers, while Table 9-5 shows the RESET
conditions for all the registers.

9.4.6 POWER CONTROL (PCON)/

STATUS REGISTER

The power control/STATUS register, PCON (address
8Eh), has two bits.

Bit0 is BOR (Brown-out). BOR is unknown on Power-
on Reset. It must then be set by the user and checked
on subsequent RESETS to see if BOR = 0, indicating
that a brown-out has occurred. The BOR STATUS bit is
a don’t care and is not necessarily predictable if the
brown-out circuit is disabled (by setting BODEN bit = 0
in the Configuration word).

Bit1 is POR (Power-on Reset). It is a ‘0’ on Power-on
Reset and unaffected otherwise. The user must write a
‘1" to this bit following a Power-on Reset. On a
subsequent RESET, if POR is ‘0’, it will indicate that a
Power-on Reset must have occurred (VDD may have
gone too low).

TABLE 9-1: TIME-OUT IN VARIOUS SITUATIONS
Oscillator Configuration Power-up Brown-out Reset fr(‘:\ﬁl(sel:lé‘ép
PWRTE =0 PWRTE =1
XT, HS, LP 72 ms + 1024 Tosc 1024 Tosc 72 ms + 1024 Tosc 1024 Tosc
RC 72 ms — 72 ms —
TABLE 9-2: STATUS/PCON BITS AND THEIR SIGNIFICANCE
POR BOR TO PD
0 X 1 1 Power-on Reset
0 X 0 X lllegal, TO is set on POR
0 X X 0 lllegal, PD is set on POR
1 0 X X Brown-out Reset
1 1 0 u WDT Reset
1 1 0 0 WDT Wake-up
1 1 u u MCLR Reset during normal operation
1 1 1 0 MCLR Reset during SLEEP
Legend: u = unchanged, x = unknown
TABLE 9-3: SUMMARY OF REGISTERS ASSOCIATED WITH BROWN-OUT
. . . . . . . . Value on Value on all
Address [Name |Bit7 |Bit6 |[Bit5 |Bit4 |Bit3 |Bit2 |Bit1 Bit 0 POR Reset other "
RESETS
83h STATUS TO | PD 0001 1xxx|000g quuu
8Eh PCON — — — — — — POR | BOR |---- -- 0x | ——-- -- uq

Legend: u = unchanged, x = unknown, - = unimplemented bit, reads as ‘0’, q = value depends on condition.
Note 1: Other (non Power-up) Resets include MCLR Reset, Brown-out Reset and Watchdog Timer Reset during

normal operation.

© 2003 Microchip Technology Inc.
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9.7 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 CLKIN pin. That means that the WDT will run, even
if the clock on the OSC1 and OSC2 pins of the device
has been stopped, for example, by execution of a
SLEEP instruction. During normal operation, a WDT
time-out generates a device RESET. If the device is in
SLEEP mode, a WDT time-out causes the device to
wake-up and continue with normal operation. The WDT
can be permanently disabled by programming the
configuration bit WDTE as clear (Section 9.1).

9.71 WDT PERIOD

The WDT has a nominal time-out period of 18 ms, (with
no prescaler). The time-out periods vary with tempera-
ture, VDD and process variations from part to part (see

DC specs). If longer time-out periods are desired, a
prescaler with a division ratio of up to 1:128 can be
assigned to the WDT under software control by writing
to the OPTION register. Thus, time-out periods up to
2.3 seconds can be realized.

The CLRWDT and SLEEP instructions clear the WDT
and the postscaler, if assigned to the WDT, and prevent
it from timing out and generating a device RESET.

The TO bit in the STATUS register will be cleared upon
a Watchdog Timer time-out.

9.7.2 WDT PROGRAMMING

CONSIDERATIONS

It should also be taken in account that under worst case
conditions (VDD = Min., Temperature = Max., max.
WDT prescaler) it may take several seconds before a
WDT time-out occurs.

FIGURE 9-17: WATCHDOG TIMER BLOCK DIAGRAM
From TMRO Clock Source
(Figure 6-6)
b M
— Postscaler
Watchdog 1 u
Timer X 8
Y
% % 8-t0-1 MUX |-=— PS<2:0>
WDT PSA
Enable Bit
+——m= To TMRO (Figure 6-6)
0 1
Ty
MUX -«— PSA
WDT
Time-out
Note: TOSE, TOCS, PSA, PS<2:0> are bits in the OPTION register.

TABLE 9-7: SUMMARY OF WATCHDOG TIMER REGISTERS
Value on Value on all
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 2 Bit 1 Bit 0 POR Reset other
RESETS
2007h Config. bits | — BODEN |CP1 CPO PWRTE |WDTE |FOSC1 |FOSCO |— —
81h OPTION RBPU |[INTEDG [TOCS |TOSE |PSA PS2 PS1 PS0O 1111 1111 1111 1111

Legend: Shaded cells are not used by the Watchdog Timer.

Note:

- = Unimplemented location, read as “0”

+ = Reserved for future use

DS30235J-page 58
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9.8 Power-Down Mode (SLEEP)

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

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

For lowest current consumption in this mode, all 1/0
pins should be either at VDD or Vss with no external
circuitry drawing current from the I/O pin and the
comparators and VREF should be disabled. I/O pins that
are hi-impedance inputs should be pulled high or low
externally to avoid switching currents caused by float-
ing inputs. The TOCKI input should also be at VDD or
Vss for lowest current consumption. The contribution
from on chip pull-ups on PORTB should be considered.

The MCLR pin must be at a logic high level (VIHMC).

Note: It should be noted that a RESET generated
by a WDT time-out does not drive MCLR
pin low.

9.8.1 WAKE-UP FROM SLEEP

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

1. External RESET input on MCLR pin

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

3. Interrupt from RBO/INT pin, RB Port change, or
the Peripheral Interrupt (Comparator).

The first event will cause a device RESET. The two
latter events are considered a continuation of program
execution. The TO and PD bits in the STATUS register
can be used to determine the cause of device RESET.
PD bit, which is set on power-up, is cleared when
SLEEP is invoked. TO bit is cleared if WDT wake-up
occurred.

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 correspond-
ing 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 an NOP after the SLEEP instruction.

Note:

If the global interrupts are disabled (GIE is
cleared), but any interrupt source has both
its interrupt enable bit and the correspond-
ing interrupt flag bits set, the device will
immediately wake-up from SLEEP. The
SLEEP instruction is completely executed.

The WDT is cleared when the device wakes up from
SLEEP, regardless of the source of wake-up.

FIGURE 9-18: WAKE-UP FROM SLEEP THROUGH INTERRUPT

© Q1] @2l @3l a4, @1l @2l Q3 a4, afl a1 a4 Q3 a4, a1l @2 a3l a4, a1l o2 @3] a4, a1l Q2| Q3| a4,
osct MU/ NN\S\ =l \ /NN
CLKOUT(4) \ \ \  Tost(2) ; \ A\ \ '
5 B : . . .
(Ilwlglégal\?« >) : : : / L . _Interrupt Latency ) X !
! I I . (Note2) | I l I
GIE bit . i " Processor in ' ' \ . : '
(NTeon=r=, | SEEPT | | | :

INSTRUCTION FLOW : , : . : .

PC Y. PC G o PC+2 X PC¥2 Y PC+2 Y 0004h ¥ 0005
}gfgﬁggion {: Inst(PC) = SLEEP  Inst(PC + 1) ' Inst(PC+2) ! Inst(0004h) ' Inst(0005h)
{enxsetg:ﬁteign : Inst(PC - 1) : SLEEP : Inst(PC + 1) : Dummy cycle : Dummy cycle; Inst(0004h) :

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

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.
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CLRW Clear W COMF Complement f
Syntax: [label] CLRW Syntax: [label] COMF fd
Operands: None Operands: 0<f<127
Operation: 00h - (W) del01]
1527 Operation: (f) - (dest)
Status Affected: Z Status Affected: Z
Encoding: | 00 | 0001 l 0000 | 0011 l Encoding: ‘ 00 l 1001 | dfff l fEEF ‘
Description: W register is cleared. Zero bit (Z) Description: The contents of register 'f' are
is set. complemented. If'd" is 0, the
Words: 1 result ?s stored in W. .If 'd' i§ 1, the
result is stored back in register 'f'.
Cycles: 1
Words: 1
Example CLRW
Cycles: 1
Before Instruction
W = Ox5A Example COMF REGL, 0
After Instruction Before Instruction
W = 0x00 REG1 =  0x13
z =1 After Instruction
REG1 =  0x13
W = OxEC
CLRWDT Clear Watchdog Timer
Syntax: [label] CLRWDT
DECF Decrement f
Operands: None
Syntax: [label] DECF f,d
Operation: 00h -» WDT )
0 — WDT prescaler, Operands: 0<f<127
1 N E d S [0,1]
1->PD Operation: (f) - 1 — (dest)
Status Affected:  TO, PD Status Affected: Z
Encoding: | 00 | 0000 ‘ 0110 | 0100 ‘ Encoding: ‘ 00 l 0011 ‘ dfff l fEEE ‘
Description: CLRWDT instruction resets the Description: Decrement register 'f'. If 'd" is 0,
Watchdog Timer. It also resets the the result is stored in the W
prescaler of the WDT. STATUS register. If 'd" is 1, the result is
bits TO and PD are set. stored back in register 'f'.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Example CLRWDT Example DECF cNT, 1
Before Instruction Before Instruction
WDT counter = ? CNT = 0x01
After Instruction z = 0
WDT counter =  0x00 After Instruction
WDT prescaler= 0 CNT = 0x00
T0 = 1 z =t
PD = 1

DS30235J-page 66

© 2003 Microchip Technology Inc.



PIC16C62X

FIGURE 12-5: PIC16LC620A/LC621A/LC622A VOLTAGE-FREQUENCY GRAPH,
-40°C < TA<0°C
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Note 1: The shaded region indicates the permissible combinations of voltage and frequency.

2: The maximum rated speed of the part limits the permissible combinations of voltage and frequency.
Please reference the Product Identification System section for the maximum rated speed of the parts.

FIGURE 12-6: PIC16LC620A/LC621A/LC622A VOLTAGE-FREQUENCY GRAPH,
0°C < TA<+125°C
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Note 1: The shaded region indicates the permissible combinations of voltage and frequency.

2: The maximum rated speed of the part limits the permissible combinations of voltage and frequency.
Please reference the Product Identification System section for the maximum rated speed of the parts.
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FIGURE 12-10: PIC16C620A/C621A/C622A/CR620A - 40 VOLTAGE-FREQUENCY GRAPH,
0°C < TA <+70°C
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Note 1: The shaded region indicates the permissible combinations of voltage and frequency.

2: The maximum rated speed of the part limits the permissible combinations of voltage and frequency.
Please reference the Product Identification System section for the maximum rated speed of the parts.

3: Operation between 20 to 40 MHz requires the following:
* VDD between 4.5V. and 5.5V
» OSC1 externally driven
* OSC2 not connected
* HS mode
+ Commercial temperatures
Devices qualified for 40 MHz operation have -40 designation (ex: PIC16C620A-40/P).
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12.2 DC Characteristics: PIC16C62XA-04 (Commercial, Industrial, Extended)

PIC16C62XA-20 (Commercial, Industrial, Extended)
PIC16LC62XA-04 (Commercial, Industrial, Extended)

PIC16C62XA

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industrial and
0°C < TA <+70°C for commercial and
-40°C < TA < +125°C for extended

PIC16LC62XA

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industrial and
0°C < TA < +70°C for commercial and
-40°C < TA < +125°C for extended

Param.| Sym Characteristic Min | Typt | Max | Units Conditions
No.

D001 VDD | Supply Voltage 3.0 — 55 Vv See Figures 12-1, 12-2, 12-3, 12-4, and 12-5

D001 VDD | Supply Voltage 25 — 5.5 Vv See Figures 12-1, 12-2, 12-3, 12-4, and 12-5

D002 VDR RAM Data Retention — 1.5* — \% Device in SLEEP mode
Voltage("

D002 VDR RAM Data Retention V0|tage(1) = 1.5% = \Y Device in SLEEP mode

D003 VPOR | VDD start voltage to — | Vss — \Y See section on Power-on Reset for details
ensure Power-on Reset

D003 VPOR |[VDD start voltage to — | Vss — \Y See section on Power-on Reset for details
ensure Power-on Reset

D004 SvDD | VDD rise rate to ensure 0.05*| — — | VIms | See section on Power-on Reset for details
Power-on Reset

D004 SvDD | VDD rise rate to ensure 0.05* | — — | VIms | See section on Power-on Reset for details
Power-on Reset

D005 VBOR | Brown-out Detect Voltage 3.7 | 40 | 435 \Y BOREN configuration bit is cleared

D005 VBOR | Brown-out Detect Voltage 3.7 40 | 4.35 \% BOREN configuration bit is cleared

*  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 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 /O pins tri-stated, pulled to VDD,
MCLR = VbD; 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 I/O pins in hi-impedance state and tied to VDD or Vss.

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

5: 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.

6: Commercial temperature range only.
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12.2 DC Characteristics: PIC16C62XA-04 (Commercial, Industrial, Extended)
PIC16C62XA-20 (Commercial, Industrial, Extended)
PIC16LC62XA-04 (Commercial, Industrial, Extended) (CONT.)

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industrial and
0°C < TA<+70°C for commercial and
-40°C < TA < +125°C for extended

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industrial and
0°C < TA<+70°C for commercial and
-40°C < TA < +125°C for extended

PIC16C62XA

PIC16LC62XA

Param.| Sym Characteristic Min | Typt | Max | Units Conditions
No.
D010 IDD Supply Current(:4) — | 12 [ 20 | mA |Fosc=4MHz VoD = 5.5V, WDT disabled,

XT mode, (Note 4)*

— 0.4 1.2 mA | Fosc =4 MHz, Vbp = 3.0V, WDT disabled,
XT mode, (Note 4)*

— 1.0 2.0 mA | Fosc =10 MHz, Vbbp = 3.0V, WDT dis-
abled, HS mode, (Note 6)

— 4.0 6.0 mA | Fosc =20 MHz, VDD = 4.5V, WDT dis-
abled, HS mode

— 4.0 7.0 mA | Fosc =20 MHz, Vbb = 5.5V, WDT dis-
abled*, HS mode

— 35 70 pA | Fosc = 32 kHz, Vbp = 3.0V, WDT dis-
abled, LP mode

D010 IDD Supply Current(® — 12 | 20 | mA |Fosc=4 MHz Vbb=5.5V, WDT disabled,
XT mode, (Note 4)*

— — 1.1 mA | Fosc =4 MHz, VDD = 2.5V, WDT disabled,
XT mode, (Note 4)

— 35 70 pA Fosc = 32 kHz, VDD = 2.5V, WDT dis-
abled, LP mode

D020 IPD Power-down Current(®) — — | 22 pA | VDD = 3.0V
— — | 50 pA | VDD = 4.5v*
— — | 90 pA | VDD =55V
— — 15 pA | VDD = 5.5V Extended Temp.

D020 IPD Power-down Current(®) — | — | 20 pA | VoD =25V
— | — | 22| pa |voo=30v*
— | — | 90 | pA |VDD=55V
— — 15 pA | VDD = 5.5V Extended Temp.

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 /O pins tri-stated, 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 I/O pins in hi-impedance state and tied to VDD or Vss.

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

5: 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.

6: Commercial temperature range only.
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12.3 DC CHARACTERISTICS: PIC16CR62XA-04 (Commercial, Industrial, Extended)
PIC16CR62XA-20 (Commercial, Industrial, Extended)
PIC16LCR62XA-04 (Commercial, Industrial, Extended)
(CONT))
Standard Operating Conditions (unless otherwise stated)
PIC16CR62XA-04 Operating temperature -40°C < TA < +85°C for industrial and
PIC16CR62XA-20 0°C < TA < +70°C for commercial and

-40°C < TA < +125°C for extended

PIC16LCR62XA-04

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industrial and
0°C < TA <+70°C for commercial and
-40°C < TA < +125°C for extended

Param.| Sym Characteristic Min | Typt | Max | Units Conditions
No.
D020 IPD Power-down Current®) —_ 200 950 nA VDD = 3.0V
— 0.400 | 1.8 pA | VDD = 4.5v*
— 0.600 | 2.2 pA | VDD = 5.5V
— 5.0 9.0 pA | VDD = 5.5V Extended Temp.
D020 IPD Power-down Current® — 200 | 850 nA | VDD = 2.5V
— 200 | 950 nA |VDD = 3.0V*
— 0.600 | 2.2 pA | VDD = 5.5V
— 5.0 9.0 pA | VDD = 5.5V Extended
D022 | AlwDT WDT Current® — 6.0 | 10 | pA |[VDD=4.0V
12 pA | (125°C)
D022A | AIBOR Brown-out Reset Current(® — 75 | 125 | pA |BOD enabled, VDD = 5.0V
D023 Alcomp Comparator Current for each — 30 60 pA [ VDD =4.0V
Comparator(®)
D023A | AIVREF VREF Current® — 80 | 135 | pA |VDD=4.0v
D022 | AlwpT WDT Current® — 6.0 | 10 | pA [vbp=4.0v
12 pA | (125°C)
D022A | AlBOR Brown-out Reset Current(® — 75 | 125 | pA |BOD enabled, VDD = 5.0V
D023 Alcomp Comparator Current for each — 30 60 pA [ VDD = 4.0V
Comparator(5)
D023A | AIVREF VREF Current®) — 80 | 135 | pA |VbD=4.0V
1A Fosc | LP Oscillator Operating Frequency 0 — 200 | kHz | All temperatures
RC Oscillator Operating Frequency 0 — 4 MHz | All temperatures
XT Oscillator Operating Frequency 0 — 4 MHz | All temperatures
HS Oscillator Operating Frequency 0 — 20 | MHz | All temperatures
1A Fosc | LP Oscillator Operating Frequency 0 — 200 | kHz | All temperatures
RC Oscillator Operating Frequency 0 — 4 MHz | All temperatures
XT Oscillator Operating Frequency 0 — 4 MHz | All temperatures
HS Oscillator Operating Frequency 0 — 20 | MHz | All temperatures

*  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 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 /0 pins tri-stated, pulled to VDD,
MCLR = VbD; 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 I/O pins in hi-impedance state and tied to VDD or Vss.

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

5: 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.

6: Commercial temperature range only.
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TABLE 12-1: COMPARATOR SPECIFICATIONS

Operating Conditions: VDD range as described in Table 12-1, -40°C<TA<+125°C. Current consumption is specified in

Table 12-1.
Characteristics Sym Min Typ Max Units Comments
Input offset voltage +5.0 +10 mv
Input common mode voltage 0 VDD -1.5 \V;
CMRR +55* 5p
Response Time(!) 400* ns | PIC16C62X(A)
150* 600" ns | PIC16LC62X

Comparator mode change to 10 s

output valid

* These parameters are characterized but not tested.

Vss to VDD.

Note 1: Response time measured with one comparator input at (VDD - 1.5)/2, while the other input transitions from

TABLE 12-2: VOLTAGE REFERENCE SPECIFICATIONS
Operating Conditions:VDD range as described in Table 12-1, -40°C<Ta<+125°C. Current consumption is specified in

Table 12-1.
Characteristics Sym Min Typ Max Units Comments
Resolution \VDD/24 LSB | Low Range (VRR=1)
VDD/32 LsB | High Range (VRR=0)
Absolute Accuracy +1/4 LsSB | Low Range (VRR=1)
+1/2 LSB | High Range (VRR=0)
Unit Resistor Value (R) 2K* Q Figure 8-1
Settling Time(") 10* us

* These parameters are characterized but not tested.

Note 1: Settling time measured while VRR = 1 and VR<3:0> transitions from 0000 to 1111.
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ON-LINE SUPPORT

Microchip provides on-line support on the Microchip
World Wide Web site.

The web site is used by Microchip as a means to make
files and information easily available to customers. To
view the site, the user must have access to the Internet
and a web browser, such as Netscape® or Microsoft®
Internet Explorer. Files are also available for FTP
download from our FTP site.

Connecting to the Microchip Internet Web
Site
The Microchip web site is available at the following
URL:

www.microchip.com

The file transfer site is available by using an FTP
service to connect to:

ftp://iftp.microchip.com

The web site and file transfer site provide a variety of
services. Users may download files for the latest
Development Tools, Data Sheets, Application Notes,
User's Guides, Articles and Sample Programs. A
variety of Microchip specific business information is
also available, including listings of Microchip sales
offices, distributors and factory representatives. Other
data available for consideration is:

» Latest Microchip Press Releases

» Technical Support Section with Frequently Asked
Questions

» Design Tips

* Device Errata

» Job Postings

* Microchip Consultant Program Member Listing

» Links to other useful web sites related to
Microchip Products

» Conferences for products, Development Systems,
technical information and more

+ Listing of seminars and events

SYSTEMS INFORMATION AND
UPGRADE HOT LINE

The Systems Information and Upgrade Line provides
system users a listing of the latest versions of all of
Microchip's development systems software products.
Plus, this line provides information on how customers
can receive the most current upgrade kits.The Hot Line
Numbers are:

1-800-755-2345 for U.S. and most of Canada, and
1-480-792-7302 for the rest of the world.

092002
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Batiment A - ler Etage

91300 Massy, France

Tel: 33-1-69-53-63-20 Fax: 33-1-69-30-90-79
Germany

Microchip Technology GmbH
Steinheilstrasse 10

D-85737 Ismaning, Germany

Tel: 49-89-627-144-0

Fax: 49-89-627-144-44

Italy

Microchip Technology SRL

Via Quasimodo, 12

20025 Legnano (MI)

Milan, Italy

Tel: 39-0331-742611 Fax: 39-0331-466781
United Kingdom

Microchip Ltd.

505 Eskdale Road

Winnersh Triangle

Wokingham

Berkshire, England RG41 5TU

Tel: 44 118 921 5869 Fax: 44-118 921-5820
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