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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
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.

Applications of "Embedded -
Microcontrollers"

Active

PIC

8-Bit

4MHz

Brown-out Detect/Reset, POR, WDT
13

896B (512 x 14)

OoTP

96 x 8

2.5V ~ 5.5V

External

-40°C ~ 85°C (TA)
Through Hole

18-DIP (0.300", 7.62mm)
18-PDIP
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intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip's Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.
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or use of such information, or infringement of patents or other
intellectual property rights arising from such use or otherwise.
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otherwise, under any intellectual property rights.

DNV MSC
The Netherlands
Accredited by the RvA

DNV Certification, Inc.

ANSI-RAB

Qms
*

>
~
~
=
m
o
-
m
o

1SO 9001 / QS-9000
REGISTERED FIRM

Trademarks

The Microchip name and logo, the Microchip logo, KEELOQ,
MPLAB, PIC, PICmicro, PICSTART, PRO MATE and
PowerSmart are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

FilterLab, microlD, MXDEV, MXLAB, PICMASTER, SEEVAL
and The Embedded Control Solutions Company are registered
trademarks of Microchip Technology Incorporated in the U.S.A.

Accuron, Application Maestro, dsPIC, dsPICDEM,
dsPICDEM.net, ECONOMONITOR, FanSense, FlexROM,
fuzzyLAB, In-Circuit Serial Programming, ICSP, ICEPIC,
microPort, Migratable Memory, MPASM, MPLIB, MPLINK,
MPSIM, PICC, PICkit, PICDEM, PICDEM.net, PowerCal,
Powerlnfo, PowerMate, PowerTool, rfLAB, rfPIC, Select Mode,
SmartSensor, SmartShunt, SmartTel and Total Endurance are
trademarks of Microchip Technology Incorporated in the U.S.A.
and other countries.

Serialized Quick Turn Programming (SQTP) is a service mark of
Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2003, Microchip Technology Incorporated, Printed in the
U.S.A,, All Rights Reserved.

f" Printed on recycled paper.

Microchip received QS-9000 quality system
certification for its worldwide headquarters,
design and wafer fabrication facilities in
Chandler and Tempe, Arizona in July 1999
and Mountain View, California in March 2002.
The Company’s quality system processes and
procedures are QS-9000 compliant for its
PICmicro® 8-bit MCUs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals,
non-volatile memory and analog products. In
addition, Microchip’s quality system for the
design and manufacture of development
systems is ISO 9001 certified.

DS30235J - page ii

© 2003 Microchip Technology Inc.



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.
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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 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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PIC16C62X

TABLE 5-1: PORTA FUNCTIONS

Name Bit # Buffer Function
Type
RAO/ANO bit0 ST Input/output or comparator input
RA1/AN1 bit1 ST Input/output or comparator input
RA2/AN2/VREF bit2 ST Input/output or comparator input or VREF output
RA3/AN3 bit3 ST Input/output or comparator input/output
RA4/TOCKI bitd ST Input/output or external clock input for TMRO or comparator output.
' Output is open drain type.

Legend: ST = Schmitt Trigger input

TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value on Value on

Address | Name Bit7 | Bit6é |Bit5| Bit4 | Bit3 | Bit2 | Bit1 | Bit0 POR All Other

RESETS

05h PORTA — — — RA4 RA3 RA2 RA1 RAO |---x 0000 |---u 0000

85h TRISA . . __ | TRISA | TRISA | TRISA | TRISA | TRISA |---1 1111 |---1 1111

4 3 2 1 0

1Fh CMCON | c20UT | C10UT | — — CIS | CM2 | CM1 | CMO |00-- 0000 |00-~ 0000

9Fh VRCON | VREN | VROE |VRR| — VR3 | VR2 | VR1 | VRO |[000- 0000 |000- 0000
Legend: — = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown

Note: Shaded bits are not used by PORTA.

© 2003 Microchip Technology Inc. DS30235J-page 27




PIC16C62X

7.0 COMPARATOR MODULE The CMCON register, shown in Register 7-1, controls
. the comparator input and output multiplexers. A block
The comparator module contains two analog diagram of the comparator is shown in Figure 7-1.

comparators. The inputs to the comparators are
multiplexed with the RAO through RA3 pins. The On-
Chip Voltage Reference (Section 8.0) can also be an
input to the comparators.

REGISTER 7-1: CMCON REGISTER (ADDRESS 1Fh)

R-0 R-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
coout [ ctour | — | — | cs oMz | om1 | cmo
bit 7 bit 0
bit 7 C20UT: Comparator 2 output

1 =C2 VIN+ > C2 VIN-
0 = C2 VIN+ < C2 VIN-

bit 6 C10UT: Comparator 1 output

1 =C1 VIN+ > C1 VIN-
0 =C1 VIN+ < C1 VIN-
bit 5-4 Unimplemented: Read as ‘0’
bit 3 CIS: Comparator Input Switch
When CM<2:0>: = 001:
1 = C1 VIN- connects to RA3
0 = C1 VIN- connects to RAO
When CM<2:0> = 010:
1 = C1 VIN- connects to RA3
C2 VIN- connects to RA2
0 = C1 VIN- connects to RAO
C2 VIN- connects to RA1

bit 2-0 CM<2:0>: Comparator mode.
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

© 2003 Microchip Technology Inc. DS30235J-page 37



PIC16C62X

9.0 SPECIAL FEATURES OF THE
CPU

Special circuits to deal with the needs of real-time
applications are what sets a microcontroller apart from
other processors. The PIC16C62X family has a host of
such features intended to maximize system reliability,
minimize cost through elimination of external compo-
nents, provide power saving operating modes and offer
code protection.

These are:
1. OSC selection
2. RESET

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

Interrupts

Watchdog Timer (WDT)
SLEEP

Code protection

ID Locations

In-Circuit Serial Programming™

® N Ok w®

The PIC16C62X devices have a Watchdog Timer
which is controlled by configuration bits. It runs off its
own RC oscillator for added reliability. There are two
timers that offer necessary delays on power-up. One is
the Oscillator Start-up Timer (OST), intended to keep
the chip in RESET until the crystal oscillator is stable.
The other is the Power-up Timer (PWRT), which
provides a fixed delay of 72 ms (nominal) on power-up
only, designed to keep the part in RESET while the
power supply stabilizes. There is also circuitry to
RESET the device if a brown-out occurs, which pro-
vides at least a 72 ms RESET. With these three
functions on-chip, most applications need no external
RESET circuitry.

The 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.

© 2003 Microchip Technology Inc.
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PIC16C62X

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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TABLE 9-6: SUMMARY OF INTERRUPT REGISTERS

Address | Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Va'“;:s';fOR Va"éfh‘é?a"
RESETS("

0Bh INTCON | GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u

0Ch PIR1 — CMIF — — — = = = P P

8Ch PIE1 — CMIE — — — = = = PSR P

Note 1: Other (non Power-up) Resets include MCLR Reset, Brown-out Reset and Watchdog Timer Reset during normal

operation.

9.6

During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key
registers during an interrupt (e.g., W register and
STATUS register). This will have to be implemented in
software.

Example 9-3 stores and restores the STATUS and W
registers. The user register, W_TEMP, must be defined
in both banks and must be defined at the same offset
from the bank base address (i.e., W_TEMP is defined
at 0x20 in Bank 0 and it must also be defined at 0xAO
in Bank 1). The user register, STATUS_TEMP, must be
defined in Bank 0. The Example 9-3:

» Stores the W register

» Stores the STATUS register in Bank 0

» Executes the ISR code

* Restores the STATUS (and bank select bit
register)

* Restores the W register

Context Saving During Interrupts

EXAMPLE 9-3: SAVING THE STATUS
AND W REGISTERS IN
RAM
MOVWE W_TEMP ;jcopy W to temp register,
;could be in either bank
SWAPF STATUS, W ;swap status to be saved
into W
BCF STATUS, RPO ;change to bank 0 regardless
;of current bank
MOVWE STATUS_TEMP ;save status to bank 0

;register

(ISR)

SWAPF STATUS_TEMP, ;swap STATUS TEMP register
W ;into W, sets bank to origi-
nal
;state
MOVWE STATUS ;move W into STATUS register
SWAPF W_TEMP, F ;swap W_TEMP
SWAPF W_TEMP, W ;swap W_TEMP into W

© 2003 Microchip Technology Inc.
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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.

© 2003 Microchip Technology Inc.
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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
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RLF Rotate Left f through Carry RRF Rotate Right f through Carry
Syntax: [label] RLF fd Syntax: [label] RRF fd
Operands: 0<f<127 Operands: 0<f<127
d e [0,1] d e [0,1]
Operation: See description below Operation: See description below
Status Affected: C Status Affected: C
Encoding: ‘ 00 | 1101 ‘ dfff | ffff ‘ Encoding: ‘ 00 l 1100 | dfff l fEff ‘
Description: The contents of register 'f' are Description: The contents of register 'f' are
rotated one bit to the left through rotated one bit to the right through
the Carry Flag. If 'd" is O, the result the Carry Flag. If 'd" is 0, the result
is placed in the W register. If 'd' is is placed in the W register. If 'd' is
1, the result is stored back in 1, the result is placed back in
register 'f'. register 'f'.
—{c+
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Example RLF REG1, 0 Example RRF REGH1,
Before Instruction 0
REG1 = 1110 0110 Before Instruction
c = 0 REG1 = 1110 0110
After Instruction c - 0
REG1 = 1110 o110 After Instruction
W = 1100 1100 REG1 = 1110 0110
c = 1 W = 0111 0011
c = 0
SLEEP
Syntax: [ label SLEEP
]
Operands: None
Operation: 00h — WDT,
0 — WDT prescaler,
15710,
0—>PD
Status Affected: TO, PD
Encoding: ‘ 00 ‘ 0000 | 0110 | 0011 ‘
Description: The power-down STATUS bit,

PD is cleared. Time-out
STATUS bit, TO is set. Watch-
dog Timer and its prescaler are
cleared.

The processor is putinto SLEEP
mode with the oscillator
stopped. See Section 9.8 for

more details.
Words: 1
Cycles: 1
Example: SLEEP
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11.0 DEVELOPMENT SUPPORT

The PICmicro® microcontrollers are supported with a
full range of hardware and software development tools:
* Integrated Development Environment

- MPLAB® IDE Software
» Assemblers/Compilers/Linkers

- MPASM™ Assembler

- MPLAB C17 and MPLAB C18 C Compilers

- MPLINK™ Object Linker/
MPLIB™ Object Librarian

- MPLAB C30 C Compiler
- MPLAB ASM30 Assembler/Linker/Library
» Simulators
- MPLAB SIM Software Simulator
- MPLAB dsPIC30 Software Simulator
* Emulators
- MPLAB ICE 2000 In-Circuit Emulator
- MPLAB ICE 4000 In-Circuit Emulator
* In-Circuit Debugger
- MPLAB ICD 2
» Device Programmers
- PRO MATE® Il Universal Device Programmer
- PICSTART® Plus Development Programmer
» Low Cost Demonstration Boards
- PICDEM™ 1 Demonstration Board
- PICDEM.net™ Demonstration Board
- PICDEM 2 Plus Demonstration Board
- PICDEM 3 Demonstration Board
- PICDEM 4 Demonstration Board
- PICDEM 17 Demonstration Board
- PICDEM 18R Demonstration Board
- PICDEM LIN Demonstration Board
- PICDEM USB Demonstration Board
» Evaluation Kits
- KeeLoQ®
- PICDEM MSC
- microlD®
- CAN
- PowerSmart®
- Analog

1.1  MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8/16-bit micro-
controller market. The MPLAB IDE is a Windows®
based application that contains:
» An interface to debugging tools

- simulator

- programmer (sold separately)

- emulator (sold separately)

- in-circuit debugger (sold separately)
+ A full-featured editor with color coded context
* A multiple project manager

» Customizable data windows with direct edit of
contents

+ High level source code debugging
* Mouse over variable inspection
» Extensive on-line help

The MPLAB IDE allows you to:

« Edit your source files (either assembly or C)

* One touch assemble (or compile) and download
to PICmicro emulator and simulator tools
(automatically updates all project information)

* Debug using:

- source files (assembly or C)
- absolute listing file (mixed assembly and C)
- machine code

MPLAB IDE supports multiple debugging tools in a
single development paradigm, from the cost effective
simulators, through low cost in-circuit debuggers, to
full-featured emulators. This eliminates the learning
curve when upgrading to tools with increasing flexibility
and power.

11.2 MPASM Assembler

The MPASM assembler is a full-featured, universal
macro assembler for all PICmicro MCUs.

The MPASM assembler generates relocatable object
files for the MPLINK object linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code and COFF files for
debugging.

The MPASM assembler features include:

* Integration into MPLAB IDE projects

» User defined macros to streamline assembly code

+ Conditional assembly for multi-purpose source
files

» Directives that allow complete control over the
assembly process

© 2003 Microchip Technology Inc.
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11.14 PICDEM 1 PICmicro
Demonstration Board

The PICDEM 1 demonstration board demonstrates the
capabilites of the PIC16C5X (PIC16C54 to
PIC16C58A), PIC16C61, PIC16C62X, PIC16C71,
PIC16C8X, PIC17C42, PIC17C43 and PIC17C44. All
necessary hardware and software is included to run
basic demo programs. The sample microcontrollers
provided with the PICDEM 1 demonstration board can
be programmed with a PRO MATE Il device program-
mer, or a PICSTART Plus development programmer.
The PICDEM 1 demonstration board can be connected
to the MPLAB ICE in-circuit emulator for testing. A
prototype area extends the circuitry for additional
application components. Features include an RS-232
interface, a potentiometer for simulated analog input,
push button switches and eight LEDs.

11.15 PICDEM.net Internet/Ethernet
Demonstration Board

The PICDEM.net demonstration board is an Internet/
Ethernet demonstration board using the PIC18F452
microcontroller and TCP/IP firmware. The board
supports any 40-pin DIP device that conforms to the
standard pinout used by the PIC16F877 or
PIC18C452. This kit features a user friendly TCP/IP
stack, web server with HTML, a 24L256 Serial
EEPROM for Xmodem download to web pages into
Serial EEPROM, ICSP/MPLAB ICD 2 interface con-
nector, an Ethernet interface, RS-232 interface, and a
16 x 2 LCD display. Also included is the book and
CD-ROM “TCP/IP Lean, Web Servers for Embedded
Systems,” by Jeremy Bentham

11.16 PICDEM 2 Plus
Demonstration Board

The PICDEM 2 Plus demonstration board supports
many 18-, 28-, and 40-pin microcontrollers, including
PIC16F87X and PIC18FXX2 devices. All the neces-
sary hardware and software is included to run the dem-
onstration programs. The sample microcontrollers
provided with the PICDEM 2 demonstration board can
be programmed with a PRO MATE Il device program-
mer, PICSTART Plus development programmer, or
MPLAB ICD 2 with a Universal Programmer Adapter.
The MPLAB ICD 2 and MPLAB ICE in-circuit emulators
may also be used with the PICDEM 2 demonstration
board to test firmware. A prototype area extends the
circuitry for additional application components. Some
of the features include an RS-232 interface, a 2 x 16
LCD display, a piezo speaker, an on-board temperature
sensor, four LEDs, and sample PIC18F452 and
PIC16F877 FLASH microcontrollers.

11.17 PICDEM 3 PIC16C92X
Demonstration Board

The PICDEM 3 demonstration board supports the
PIC16C923 and PIC16C924 in the PLCC package. All
the necessary hardware and software is included to run
the demonstration programs.

11.18 PICDEM 4 8/14/18-Pin
Demonstration Board

The PICDEM 4 can be used to demonstrate the capa-
bilities of the 8-, 14-, and 18-pin PIC16XXXX and
PIC18XXXX MCUs, including the PIC16F818/819,
PIC16F87/88, PIC16F62XA and the PIC18F1320
family of microcontrollers. PICDEM 4 is intended to
showcase the many features of these low pin count
parts, including LIN and Motor Control using ECCP.
Special provisions are made for low power operation
with the supercapacitor circuit, and jumpers allow on-
board hardware to be disabled to eliminate current
draw in this mode. Included on the demo board are pro-
visions for Crystal, RC or Canned Oscillator modes, a
five volt regulator for use with a nine volt wall adapter
or battery, DB-9 RS-232 interface, ICD connector for
programming via ICSP and development with MPLAB
ICD 2, 2x16 liquid crystal display, PCB footprints for H-
Bridge motor driver, LIN transceiver and EEPROM.
Also included are: header for expansion, eight LEDs,
four potentiometers, three push buttons and a proto-
typing area. Included with the kit is a PIC16F627A and
a PIC18F1320. Tutorial firmware is included along with
the User’s Guide.

11.19 PICDEM 17 Demonstration Board

The PICDEM 17 demonstration board is an evaluation
board that demonstrates the capabilities of several
Microchip microcontrollers, including PIC17C752,
PIC17C756A, PIC17C762 and PIC17C766. A
programmed sample is included. The PRO MATE I
device programmer, or the PICSTART Plus develop-
ment programmer, can be used to reprogram the
device for user tailored application development. The
PICDEM 17 demonstration board supports program
download and execution from external on-board
FLASH memory. A generous prototype area is
available for user hardware expansion.
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FIGURE 12-1: PIC16C62X VOLTAGE-FREQUENCY GRAPH, -40°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.

FIGURE 12-2: PIC16LC62X VOLTAGE-FREQUENCY GRAPH, -40°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 12-3: PIC16C62XA VOLTAGE-FREQUENCY GRAPH, 0°C < TA < +70°C
6.0

5.5

5.0

VDD 4.5

(Volts)

3.5

3.0

25

2.0

0 4 10 20 25

Frequency (MHz)
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 12-4: PIC16C62XA VOLTAGE-FREQUENCY GRAPH, -40°C < TA<0°C, +70°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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121 DC Characteristics: PIC16C62X-04 (Commercial, Industrial, Extended)
PIC16C62X-20 (Commercial, Industrial, Extended)
PIC16LC62X-04 (Commercial, Industrial, Extended) (CONT.)
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industrial and
PIC16C62X 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
PIC16LC62X 0°C < TA < +70°C for commercial and
-40°C < TA < +125°C for extended
Operating voltage VDD range is the PIC16C62X range.
Param | Sym Characteristic Min | Typt | Max | Units Conditions
. No.
D022  [AlwpT |WDT Current(® — | 60 | 20 | pA |VDD=4.0V
25 pA | (125°C)
D022A | AIBOR | Brown-out Reset Current(®) — 350 | 425 pA | BOD enabled, VbD = 5.0V
D023 Alcom | Comparator Current for each _ — 100 pA | VDD = 4.0V
P Comparator(®
D023A VREF Current(® _ — | 300 pA | VDD = 4.0V
AIVREF
D022 | AlwpT WDT Current(®) — | 60 | 15 | pA |VDD=3.0V
D022A | AlBOR Brown-out Reset Current(5) — | 350 | 425 | pA |BOD enabled, VDD = 5.0V
D023 Alcom Comparator Current for each — — 100 pA | VDD = 3.0V
P Comparator(5)
D023A VREF Current(® — | — | 300 | pA |VbD=3.0V
AIVREF
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.

T 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.

© 2003 Microchip Technology Inc. DS30235J-page 89




PIC16C62X

12.3

DC CHARACTERISTICS:

PIC16CR62XA-04 (Commercial, Industrial, Extended)
PIC16CR62XA-20 (Commercial, Industrial, Extended)
PIC16LCR62XA-04 (Commercial, Industrial, Extended)

PIC16CR62XA-04
PIC16CR62XA-20

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

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.
D001 VDD Supply Voltage 3.0 — 5.5 \ See Figures 12-7, 12-8, 12-9
D001 VDD Supply Voltage 2.5 — 5.5 \% See Figures 12-7, 12-8, 12-9
D002 VDR RAM Data Retention — 1.5% — \ Device in SLEEP mode
Voltage“)
D002 VDR RAM Data Retention — 1.5* — \ Device in SLEEP mode
Voltage(”
D003 VPOR | VDD start voltage to — | Vss | — V | See section on Power-on Reset for details
ensure Power-on Reset
D003 VPOR |[VDD start voltage to — | Vss | — V | See section on Power-on Reset for details
ensure Power-on Reset
D004 SvDD | VDD rise rate to ensure 0.05*| — — | V/ms | See section on Power-on Reset for details
Power-on Reset
D004 SvDD | VDD rise rate to ensure 0.05*| — — | V/Ims | See section on Power-on Reset for details
Power-on Reset
D005 VBOR | Brown-out Detect Voltage | 3.7 | 4.0 | 4.35 V | BOREN configuration bit is cleared
D005 VBOR | Brown-out Detect Voltage | 3.7 | 4.0 | 4.35 V | BOREN configuration bit is cleared
D010 IDD Supply Current(® — 1.2 1.7 mA | Fosc =4 MHz, Vbbp = 5.5V, WDT disabled, XT mode,
(Note 4)*
— 500 | 900 pA | Fosc =4 MHz, Vbb = 3.0V, WDT disabled, XT mode,
(Note 4)
— 1.0 2.0 mA | Fosc =10 MHz, VbD = 3.0V, WDT disabled, HS mode,
(Note 6)
— 4.0 7.0 mA | Fosc = 20 MHz, VoD = 5.5V, WDT disabled*, HS
— 3.0 6.0 mA | mode
— 35 70 pA | Fosc =20 MHz, VDD = 4.5V, WDT disabled, HS mode
Fosc = 32 kHz, VDD = 3.0V, WDT disabled, LP mode
D010 IDD Supply Current® — 1.2 1.7 mA | Fosc = 4.0 MHz, VbD = 5.5V, WDT disabled, XT
mode, (Note 4)*
— 400 | 800 pA | Fosc = 4.0 MHz, Vbp = 2.5V, WDT disabled, XT mode
(Note 4)
— 35] 70 pA | Fosc = 32 kHz, Vbp = 2.5V, WDT disabled, LP mode
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APPENDIX A: ENHANCEMENTS

The following are the list of enhancements over the

PIC16C5X microcontroller family:

1.

©

10.

1.

12.

13.

14.
15.

16.

17.

18.
19.
20.

Instruction word length is increased to 14 bits.
This allows larger page sizes both in program
memory (4K now as opposed to 512 before) and
register file (up to 128 bytes now versus 32
bytes before).

A PC high latch register (PCLATH) is added to
handle program memory paging. PA2, PA1, PAO
bits are removed from STATUS register.

Data memory paging is slightly redefined.
STATUS register is modified.

Four new instructions have been added:
RETURN, RETFIE, ADDLW, and SUBLW.

Two instructions TRIs and opTION are being
phased out, although they are kept for
compatibility with PIC16C5X.

OPTION and TRIS registers are made
addressable.

Interrupt capability is added. Interrupt vector is
at 0004h.

Stack size is increased to 8 deep.

RESET vector is changed to 0000h.

RESET of all registers is revisited. Five different
RESET (and wake-up) types are recognized.
Registers are reset differently.

Wake-up from SLEEP through interrupt is
added.

Two separate timers, Oscillator Start-up Timer
(OST) and Power-up Timer (PWRT) are
included for more reliable power-up. These
timers are invoked selectively to avoid
unnecessary delays on power-up and wake-up.
PORTB has weak pull-ups and interrupt-on-
change feature.

Timer0 clock input, TOCKI pin is also a port pin
(RA4/TOCKI) and has a TRIS bit.

FSR is made a full 8-bit register.

“In-circuit programming” is made possible. The
user can program PIC16CXX devices using only
five pins: VDD, Vss, VPP, RB6 (clock) and RB7
(data in/out).

PCON STATUS register is added with a Power-
on-Reset (POR) STATUS bit and a Brown-out
Reset STATUS bit (BOD).

Code protection scheme is enhanced such that
portions of the program memory can be
protected, while the remainder is unprotected.
PORTA inputs are now Schmitt Trigger inputs.
Brown-out Reset reset has been added.
Common RAM registers FOh-FFh implemented
in bank1.

APPENDIX B: COMPATIBILITY

To convert code written for PIC16C5X to PIC16CXX,
the user should take the following steps:

1. Remove any program memory page select
operations (PA2, PA1, PAO bits) for caLt, coTo.

2. Reuvisit any computed jump operations (write to
PC or add to PC, etc.) to make sure page bits
are set properly under the new scheme.

3. Eliminate any data memory page switching.
Redefine data variables to reallocate them.

4. Verify all writes to STATUS, OPTION, and FSR
registers since these have changed.

5. Change RESET vector to 0000h.
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