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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

1.75KB (1K x 14)

OTP

96 x 8

2.5V ~ 5.5V

External

0°C ~ 70°C (TA)

Surface Mount

20-SSOP (0.209", 5.30mm Width)
20-SSOP

https://www.e-xfl.com/product-detail/microchip-technology/pic16lc621a-04-ss

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/pic16lc621a-04-ss-4405967
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

PIC16C62X

Device Differences

Device

Voltage Range

Oscillator

Process Technology

(Microns)
PIC16C6207) 25-6.0 See Note 1 0.9
PIC16C621(3) 25-6.0 See Note 1 0.9
PIC16C62203) 25-6.0 See Note 1 0.9
PIC16C620A™) 27-55 See Note 1 0.7
PIC16CR620A®? 25-55 See Note 1 0.7
PIC16C621A™) 27-55 See Note 1 0.7
PIC16C622A™ 27-55 See Note 1 07

Note 1: If you change from this device to another device, please verify oscillator characteristics in your application.
2: For ROM parts, operation from 2.5V - 3.0V will require the PIC16LCR62X parts.
3: For OTP parts, operation from 2.5V - 3.0V will require the PIC16LC62X parts.
4: For OTP parts, operations from 2.7V - 3.0V will require the PIC16LC62XA parts.
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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

TABLE 1-1:

Memory

Peripherals

Features

PIC16C62X FAMILY OF DEVICES
PIC16C6200%) |P|C160620A(1)<4) | PIC16CR620AP) | PIc16C6213) | PIC16C621AM™ | PIC16C622(3) |PIC16CE22A1*)
Maximum Frequency (20 40 20 20 40 20 40
of Operation (MHz)
EPROM Program 512 512 512 1K 1K 2K 2K
Memory
(x14 words)
Data Memory (bytes) |80 96 96 80 96 128 128
Timer Module(s) TMRO TMRO TMRO TMRO TMRO TMRO TMRO
Comparators(s) 2 2 2 2 2 2 2
Internal Reference Yes Yes Yes Yes Yes Yes Yes
Voltage
Interrupt Sources 4 4 4 4 4 4 4
1/0 Pins 13 13 13 13 13 13 13
Voltage Range (Volts)|2.5-6.0 2.7-55 2.5-55 2.5-6.0 2.7-55 2.5-6.0 2.7-55
Brown-out Reset Yes Yes Yes Yes Yes Yes Yes
Packages 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP,
SOIC; SOIC; SOIC; SOIC; SOIC; SOIC; SOIC;
20-pin SSOP | 20-pin SSOP 20-pin SSOP 20-pin SSOP |20-pin SSOP 20-pin SSOP |20-pin SSOP

All PICmicro® Family devices have Power-on Reset, selectable Watchdog Timer,

Note 1:

2: For ROM parts, operation from 2.0V - 2.5V will require the PIC16LCR62XA parts.

selectable code protect and high
I/O current capability. All PIC16C62X Family devices use serial programming with clock pin RB6 and data pin RB7.

3: For OTP parts, operation from 2.5V - 3.0V will require the PIC16LC62X part.
4: For OTP parts, operation from 2.7V - 3.0V will require the PIC16LC62XA part.

If you change from this device to another device, please verify oscillator characteristics in your application.

DS30235J-page 6

© 2003 Microchip Technology Inc.




PIC16C62X

2.0 PIC16C62X DEVICE VARIETIES

A variety of frequency ranges and packaging options
are available. Depending on application and production
requirements, the proper device option can be selected
using the information in the PIC16C62X Product
Identification System section at the end of this data
sheet. When placing orders, please use this page of
the data sheet to specify the correct part number.

2.1 UV Erasable Devices

The UV erasable version, offered in CERDIP package,
is optimal for prototype development and pilot
programs. This version can be erased and
reprogrammed to any of the Oscillator modes.

Microchip's ~ PICSTART® and  PRO MATE®
programmers both support programming of the
PIC16C62X.

Note: Microchip does not recommend code
protecting windowed devices.

2.2 One-Time-Programmable (OTP)
Devices

The availability of OTP devices is especially useful for
customers who need the flexibility for frequent code
updates and small volume applications. In addition to
the program memory, the configuration bits must also
be programmed.

2.3 Quick-Turnaround-Production
(QTP) Devices

Microchip offers a QTP programming service for
factory production orders. This service is made
available for users who chose not to program a medium
to high quantity of units and whose code patterns have
stabilized. The devices are identical to the OTP
devices, but with all EPROM locations and configura-
tion options already programmed by the factory.
Certain code and prototype verification procedures
apply before production shipments are available.
Please contact your Microchip Technology sales office
for more details.

24 Serialized Quick-Turnaround-
Productions (SQTPsV) Devices

Microchip offers a unique programming service where
a few user-defined locations in each device are
programmed with different serial numbers. The serial
numbers may be random, pseudo-random or
sequential.

Serial programming allows each device to have a
unique number, which can serve as an entry-code,
password or ID number.

© 2003 Microchip Technology Inc.
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PIC16C62X

31 Clocking Scheme/Instruction
Cycle

The clock input (OSC1/CLKIN pin) is internally divided
by four to generate four non-overlapping quadrature
clocks namely Q1, Q2, Q3 and Q4. Internally, the
program counter (PC) is incremented every Q1, the
instruction is fetched from the program memory and
latched into the instruction register in Q4. The
instruction is decoded and executed during the
following Q1 through Q4. The clocks and instruction
execution flow is shown in Figure 3-2.

FIGURE 3-2: CLOCKI/INSTRUCTION CYCLE

3.2 Instruction Flow/Pipelining

An “Instruction Cycle” consists of four Q cycles (Q1,
Q2, Q3 and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g., GOTO)
then two cycles are required to complete the instruction
(Example 3-1).

A fetch cycle begins with the program counter (PC)
incrementing in Q1.

In the execution cycle, the fetched instruction is latched
into the “Instruction Register (IR)” in cycle Q1. This
instruction is then decoded and executed during the
Q2, Q3 and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination
write).

Qly—\

|

Q1 | Q2 | Q3| Q4 1 Q1 | Q2 | Q3 | Q4 1 Q1 | Q2 | Q3 | Q4 1
OSClIM\ /" / /]

y \

/

Q3 / \

/ \ Internal

|
I
Q4|\ [\

|
| i
ase
—\ i M\ | Block
i |

PC PC

<

PC+1 X PC+2

(RC mode)

Fetch INST (PC)

OSC2/CLKOUT L—/—k—/—k—/il

' |
I
| Execute INST (PC-1) Fetch INST (PC+1) |
' Execute INST (PC) Fetch INST (PC+2) ;
|

Execute INST (PC+1)

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW

MOVLW 55h | Fetch 1 Execute 1

CALL SUB_1

1.
2. MOVWF PORTB Fetch 2 Execute 2
3.

Fetch 3 Execute 3

4. BSF PORTA, BIT3

Fetch 4 Flush
Fetch SUB_1 Execute SUB_1

Note: All instructions are single cycle, except for any program branches. These take two cycles since the fetch instruction
is “flushed” from the pipeline, while the new instruction is being fetched and then executed.

DS30235J-page 12
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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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PIC16C62X

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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FIGURE 6-3: TIMERO TIMING: INTERNAL CLOCK/PRESCALE 1:2
PC 11 Q2| Q3| @4, Q1] Q2| Q3| Q4, Q1| Q2| Q3| @4, Q1| Q2| Q3| @4, Q1] Q2| Q3| @4, Q1| Q2| Q3| Q4, Q1] Q2| Q3| Q4. Q1| Q2| Q3| Q4,
rogram . . . . ! \ '

ounter) ( PC-1 X PC X PC+T__ X PC+2 X PC+3 X PC+4 ¥ PC+5 X PC+6 )
Instruction | ' MOVWF TMRO MOVF TMRO,WVIOVF TMRO,VI\MOVF TMRO,VyMOVF TMRO,WMOVF TMRO,Vy !

e c 1 1 1 1 1 1 1 1 1

I i I I i i ! i -
TMRO . 10 X TO+1 X \ NTO . ) (_ NTO+1T )}
Instruction : : : * . : f : * : * : : * :
Execute , , . Write TMRO , Read TMRO, Read TMRO, Read TMRO,6 Read TMRO , Read TMRO |,
executed reads NTO reads NTO reads NTO reads NTO reads NTO + 1
FIGURE 6-4: TIMERO INTERRUPT TIMING

v Q1] Q2| a3| a4 Q1| 2| @3] ;a1 @3] al|e|a3|as; 1| Q| a3| s,

N AV A VAN AVAN AW WAW Al AWAVAWAWAWAWRWAE

S o e WY s WD s W cs WY e

CLKOUT(@3) . . b | .
TMRO timer FEh X ~_FFh X+ 00h X+ 01ih X+ 02n X
I R T0, I Z I I

TOIF bit ' * @ Y . T . .
(INTCON<2>) ¢ : ! . . X
GIE bit ; — : ! l l
(INTCON<7>) ' . . . . .
' ' ' +Interrupt Latency Time(2) ' '
INSTRUCTION FLOW ~ : : > :
PC { PC X PC +1 X PC +1 Y 0004h X 0005h '

Instruction | : : : : :
fgtscﬁgjlon + ' Inst (PC) | Inst (PC+1) . . Inst (0004h) . Inst (0005h) .
L’}f;g‘fﬁgg" * Inst (PC-1) I Inst (PC) Dummy cycle | Dummy cycle Inst (0004h)

Note 1: TOIF interrupt flag is sampled here (every Q1).
2: Interrupt latency = 3Tcy, where Tcy = instruction cycle time.
3: CLKOUT is available only in RC Oscillator mode.
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PIC16C62X

6.2 Using Timer0 with External Clock

When an external clock input is used for TimerO0, it must
meet certain requirements. The external clock
requirement is due to internal phase clock (Tosc)
synchronization. Also, there is a delay in the actual
incrementing of Timer0 after synchronization.

6.2.1 EXTERNAL CLOCK
SYNCHRONIZATION

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization
of TOCKI with the internal phase clocks is
accomplished by sampling the prescaler output on the
Q2 and Q4 cycles of the internal phase clocks
(Figure 6-5). Therefore, it is necessary for TOCKI to be
high for at least 2Tosc (and a small RC delay of 20 ns)
and low for at least 2Tosc (and a small RC delay of
20 ns). Refer to the electrical specification of the
desired device.

FIGURE 6-5:

When a prescaler is used, the external clock input is
divided by the asynchronous ripple-counter type
prescaler, so that the prescaler output is symmetrical.
For the external clock to meet the sampling
requirement, the ripple-counter must be taken into
account. Therefore, it is necessary for TOCKI to have a
period of at least 4Tosc (and a small RC delay of 40 ns)
divided by the prescaler value. The only requirement
on TOCKI high and low time is that they do not violate
the minimum pulse width requirement of 10 ns. Refer to
parameters 40, 41 and 42 in the electrical specification
of the desired device.

6.2.2 TIMERO INCREMENT DELAY

Since the prescaler output is synchronized with the
internal clocks, there is a small delay from the time the
external clock edge occurs to the time the TMRO is
actually incremented. Figure 6-5 shows the delay from
the external clock edge to the timer incrementing.

TIMERO TIMING WITH EXTERNAL CLOCK

External Clock InPlS|t or
Prescaler output 12

External Clock/Prescaler

Output after sampling

Q11 Q21 Q31 Q4 i Q1] Q21 Q31 Q4 iQ1l Q2] Q31 Q4 : Q1] Q2| Q3] Q4

Increment Timer0 (Q4)

Small pulse
_m /\ misses sampling
(1)
(3)
]
—
Timer0 TO0 X T0 + 1 X TO+2

Note 1: Delay from clock input change to Timer0O increment is 3Tosc to 7Tosc. (Duration of Q = Tosc).
Therefore, the error in measuring the interval between two edges on Timer0 input = +4Tosc max.
2: External clock if no prescaler selected, Prescaler output otherwise.
3: The arrows indicate the points in time where sampling occurs.

© 2003 Microchip Technology Inc.
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NOTES:
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9.1 Configuration Bits

The configuration bits can be programmed (read as '0')
or left unprogrammed (read as '1') to select various
device configurations. These bits are mapped in
program memory location 2007h.

REGISTER 9-1:

The user will note that address 2007h is beyond
the user program memory space. In fact, it belongs
to the special test/configuration memory space
(2000h — 3FFFh), which can be accessed only during
programming.

CONFIGURATION WORD (ADDRESS 2007h)

CP1 |cpo@| cP1 |cP0® | CP1 |cPo @

BODEN

PWRTE

CP1 | cpo (@ WDTE | FOSC1 | FOSCO

bit 13

bit 13-8, CP<1:0>: Code protection bit pairs (?)

5-4: Code protection for 2K program memory
11 = Program memory code protection off
10 = 0400h-07FFh code protected
01 = 0200h-07FFh code protected
00 = 0000h-07FFh code protected

Code protection for 1K program memory
11 = Program memory code protection off
10 = Program memory code protection off
01 = 0200h-03FFh code protected

00 = 0000h-03FFh code protected

Code protection for 0.5K program memory
11 = Program memory code protection off
10 = Program memory code protection off
01 = Program memory code protection off
00 = 0000h-01FFh code protected

bit 7 Unimplemented: Read as ‘0’

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

bit 3 PWRTE: Power-up Timer Enable bit (1:3)
1 = PWRT disabled
0 = PWRT enabled

bit 2 WDTE: Watchdog Timer Enable bit
1 =WDT enabled
0 = WDT disabled

bit 1-0 FOSC1:FOSCO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator

01 = XT oscillator
00 = LP oscillator

bit 0

Note 1: Enabling Brown-out Reset automatically enables Power-up Timer (PWRT) regardless of the
value of bit PWRTE. Ensure the Power-up Timer is enabled anytime Brown-out Detect Reset is

enabled.

2: All of the CP<1:0> pairs have to be given the same value to enable the code protection scheme

listed.

3: Unprogrammed parts default the Power-up Timer disabled.

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 46

© 2003 Microchip Technology Inc.




PIC16C62X

9.2.3 EXTERNAL CRYSTAL OSCILLATOR
CIRCUIT

Either a prepackaged oscillator can be used or a simple
oscillator circuit with TTL gates can be built.
Prepackaged oscillators provide a wide operating
range and better stability. A well-designed crystal
oscillator will provide good performance with TTL
gates. Two types of crystal oscillator circuits can be
used; one with series resonance or one with parallel
resonance.

Figure 9-3 shows implementation of a parallel resonant
oscillator circuit. The circuit is designed to use the
fundamental frequency of the crystal. The 74AS04
inverter performs the 180° phase shift that a parallel
oscillator requires. The 4.7 kQ resistor provides the
negative feedback for stabilty. The 10 kQ
potentiometers bias the 74AS04 in the linear region.
This could be used for external oscillator designs.

FIGURE 9-3: EXTERNAL PARALLEL
RESONANT CRYSTAL
OSCILLATOR CIRCUIT
+5V
To Other
Devices
%mk —
4.7k 74AS04 PIC16C62X
74AS04 ¢ CLKIN

Fio
XTAL
00—
_|

20pF | 20 pF

10k

Figure 9-4 shows a series resonant oscillator circuit.
This circuit is also designed to use the fundamental
frequency of the crystal. The inverter performs a 180°
phase shift in a series resonant oscillator circuit. The
330 kQ resistors provide the negative feedback to bias
the inverters in their linear region.

FIGURE 9-4: EXTERNAL SERIES
RESONANT CRYSTAL
OSCILLATOR CIRCUIT
To Other
330 kQ 330 kQ Devices
74AS04 74AS04 74AS04 PIC16C62X
> CLKIN
0.1 uF
jul
XTAL

9.24 RC OSCILLATOR

For timing insensitive applications the “RC” device
option offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the
resistor (REXT) and capacitor (CEXT) values, and the
operating temperature. In addition to this, the oscillator
frequency will vary from unit to unit due to normal
process parameter variation. Furthermore, the
difference in lead frame capacitance between package
types will also affect the oscillation frequency,
especially for low CEXT values. The user also needs to
take into account variation due to tolerance of external
R and C components used. Figure 9-5 shows how the
R/C combination is connected to the PIC16C62X. For
REXT values below 2.2 kQ, the oscillator operation may
become unstable or stop completely. For very high
REXT values (e.g., 1 MQ), the oscillator becomes
sensitive to noise, humidity and leakage. Thus, we
recommend to keep REXT between 3 kQ and 100 kQ.

Although the oscillator will operate with no external
capacitor (CEXT = 0 pF), we recommend using values
above 20 pF for noise and stability reasons. With no or
small external capacitance, the oscillation frequency
can vary dramatically due to changes in external
capacitances, such as PCB trace capacitance or
package lead frame capacitance.

See Section 13.0 for RC frequency variation from part
to part due to normal process variation. The variation is
larger for larger R (since leakage current variation will
affect RC frequency more for large R) and for smaller
C (since variation of input capacitance will affect RC
frequency more).

See Section 13.0 for variation of oscillator frequency
due to VDD for given REXT/CEXT values, as well as
frequency variation due to operating temperature for
given R, C and VDD values.

The oscillator frequency, divided by 4, is available on
the OSC2/CLKOUT pin, and can be used for test
purposes or to synchronize other logic (Figure 3-2 for
waveform).

FIGURE 9-5: RC OSCILLATOR MODE
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9.5 Interrupts

The PIC16C62X has 4 sources of interrupt:

» External interrupt RBO/INT

* TMRO overflow interrupt

+ PORTB change interrupts (pins RB<7:4>)
» Comparator interrupt

The interrupt control register (INTCON) records
individual interrupt requests in flag bits. It also has
individual and global interrupt enable bits.

A global interrupt enable bit, GIE (INTCON<7>)
enables (if set) all un-masked interrupts or disables (if
cleared) all interrupts. Individual interrupts can be
disabled through their corresponding enable bits in
INTCON register. GIE is cleared on RESET.

The “return from interrupt” instruction, RETFIE, exits
interrupt routine, as well as sets the GIE bit, which re-
enable RBO/INT interrupts.

The INT pin interrupt, the RB port change interrupt and
the TMRO overflow interrupt flags are contained in the
INTCON register.

The peripheral interrupt flag is contained in the special
register PIR1. The corresponding interrupt enable bit is
contained in special registers PIE1.

When an interrupt is responded to, the GIE is cleared
to disable any further interrupt, the return address is
pushed into the stack and the PC is loaded with 0004h.

FIGURE 9-15: INTERRUPT LOGIC

Once in the interrupt service routine, the source(s) of
the interrupt can be determined by polling the interrupt
flag bits. The interrupt flag bit(s) must be cleared in
software before re-enabling interrupts to avoid RBO/
INT recursive interrupts.

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs (Figure 9-16).
The latency is the same for one or two cycle
instructions. Once in the interrupt service routine, the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid multiple interrupt requests.

Note 1: Individual interrupt flag bits are set
regardless of the status of their
corresponding mask bit or the GIE bit.

2: When an instruction that clears the GIE
bit is executed, any interrupts that were
pending for execution in the next cycle
are ignored. The CPU will execute a NOP
in the cycle immediately following the
instruction which clears the GIE bit. The
interrupts which were ignored are still
pending to be serviced when the GIE bit

is set again.

TOIF —
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10.0 INSTRUCTION SET SUMMARY

Each PIC16C62X instruction is a 14-bit word divided
into an OPCODE which specifies the instruction type
and one or more operands which further specify the
operation of the instruction. The PIC16C62X instruc-
tion set summary in Table 10-2 lists byte-oriented, bit-
oriented, and literal and control operations.
Table 10-1 shows the opcode field descriptions.

For byte-oriented instructions, 'f' represents a file
register designator and 'd' represents a destination
designator. The file register designator specifies which
file register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If 'd" is zero, the result is
placed in the W register. If 'd' is one, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, 'b' represents a bit field
designator which selects the number of the bit affected
by the operation, while 'f' represents the number of the
file in which the bit is located.

For literal and control operations, 'k' represents an
eight or eleven bit constant or literal value.

TABLE 10-1: OPCODE FIELD
DESCRIPTIONS

The instruction set is highly orthogonal and is grouped
into three basic categories:

+ Byte-oriented operations
 Bit-oriented operations
« Literal and control operations

All instructions are executed within one single
instruction cycle, unless a conditional test is true or the
program counter is changed as a result of an
instruction. In this case, the execution takes two
instruction cycles with the second cycle executed as a
NOP. One instruction cycle consists of four oscillator
periods. Thus, for an oscillator frequency of 4 MHz, the
normal instruction execution time is 1pus. If a
conditional test is true or the program counter is
changed as a result of an instruction, the instruction
execution time is 2 ps.

Table 10-1 lists the instructions recognized by the
MPASM™ assembler.

Figure 10-1 shows the three general formats that the
instructions can have.

Note: To maintain upward compatibility with
future PICmicro® products, do not use the

OPTION and TRIS instructions.

Field Description

Register file address (0x00 to Ox7F)

Working register (accumulator)

Bit address within an 8-bit file register

~lo|=|[m

Literal field, constant data or label

x Don't care location (= 0 or 1)

The assembler will generate code with x = 0. It is the
recommended form of use for compatibility with all
Microchip software tools.

d Destination select; d = 0: store result in W,
d = 1: store result in file register f.
Defaultis d = 1

label | Label name

TOS | Top of Stack

pC | Program Counter

PCLAT | Program Counter High Latch

GIE | Global Interrupt Enable bit

WDT | Watchdog Timer/Counter

TO | Time-out bit

PD Power-down bit

dest | Destination either the W register or the specified regis-
ter file location

[ 1 |Options

() |Contents

- Assigned to

<> | Register bit field

€ In the set of

italics | User defined term (font is courier)

All examples use the following format to represent a
hexadecimal number:

Oxhh

where h signifies a hexadecimal digit.

FIGURE 10-1: GENERAL FORMAT FOR
INSTRUCTIONS
Byte-oriented file register operations
13 8 7 6 0
OPCODE | d | f (FILE #)

d = 0 for destination W
d = 1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 7 6 0

OPCODE | b (BIT #)| f (FILE #)

bit bit address

b
f bit file register address

3-
7-

Literal and control operations

General

13 8 7 0
OPCODE | k (literal) |

k = 8-bit immediate value

CALL and GOTO instructions only
13 1 10 0
OPCODE k (literal)

k = 11-bit immediate value
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11.3 MPLAB C17 and MPLAB C18
C Compilers

The MPLAB C17 and MPLAB C18 Code Development
Systems are complete ANSI C compilers for
Microchip’s PIC17CXXX and PIC18CXXX family of
microcontrollers. These compilers provide powerful
integration capabilities, superior code optimization and
ease of use not found with other compilers.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

11.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK object linker combines relocatable
objects created by the MPASM assembler and the
MPLAB C17 and MPLAB C18 C compilers. It can link
relocatable objects from pre-compiled libraries, using
directives from a linker script.

The MPLIB object librarian manages the creation and
modification of library files of pre-compiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications.

The object linker/library features include:

« Efficient linking of single libraries instead of many
smaller files

* Enhanced code maintainability by grouping
related modules together

* Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

11.5 MPLAB C30 C Compiler

The MPLAB C30 C compiler is a full-featured, ANSI
compliant, optimizing compiler that translates standard
ANSI C programs into dsPIC30F assembly language
source. The compiler also supports many command-
line options and language extensions to take full
advantage of the dsPIC30F device hardware capabili-
ties, and afford fine control of the compiler code
generator.

MPLAB C30 is distributed with a complete ANSI C
standard library. All library functions have been
validated and conform to the ANSI C library standard.
The library includes functions for string manipulation,
dynamic memory allocation, data conversion, time-
keeping, and math functions (trigonometric, exponen-
tial and hyperbolic). The compiler provides symbolic
information for high level source debugging with the
MPLAB IDE.

11.6 MPLAB ASM30 Assembler, Linker,
and Librarian

MPLAB ASM30 assembler produces relocatable
machine code from symbolic assembly language for
dsPIC30F devices. MPLAB C30 compiler uses the
assembler to produce it's object file. The assembler
generates relocatable object files that can then be
archived or linked with other relocatable object files and
archives to create an executable file. Notable features
of the assembler include:

» Support for the entire dsPIC30F instruction set
 Support for fixed-point and floating-point data
+ Command line interface

* Rich directive set

+ Flexible macro language

* MPLAB IDE compatibility

11.7 MPLAB SIM Software Simulator

The MPLAB SIM software simulator allows code devel-
opment in a PC hosted environment by simulating the
PICmicro series microcontrollers on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a file, or user defined key press, to any pin. The execu-
tion can be performed in Single-Step, Execute Until
Break, or Trace mode.

The MPLAB SIM simulator fully supports symbolic
debugging using the MPLAB C17 and MPLAB C18
C Compilers, as well as the MPASM assembler. The
software simulator offers the flexibility to develop and
debug code outside of the laboratory environment,
making it an excellent, economical software
development tool.

11.8 MPLAB SIM30 Software Simulator

The MPLAB SIM30 software simulator allows code
development in a PC hosted environment by simulating
the dsPIC30F series microcontrollers on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a file, or user defined key press, to any of the pins.

The MPLAB SIM30 simulator fully supports symbolic
debugging using the MPLAB C30 C Compiler and
MPLAB ASM30 assembler. The simulator runs in either
a Command Line mode for automated tasks, or from
MPLAB IDE. This high speed simulator is designed to
debug, analyze and optimize time intensive DSP
routines.
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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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12.5

DC CHARACTERISTICS: PIC16C620A/C621A/C622A-40(7) (Commerecial)
PIC16CR620A-40'7) (Commerecial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature  0°C < TA < +70°C for commercial

P:':.m Sym Characteristic Min | Typt | Max | Units Conditions
D001 | VDD Supply Voltage 3.0 — 5.5 V |Fosc =DC to 20 MHz
D002 |VDR RAM Data Retention Voltage(" — | 15| — | V |Devicein SLEEP mode
D003 |VPOR VDD start voltage to ensure — | Vss | — V | See section on Power-on Reset for details
Power-on Reset
D004 | SvbD VDD rise rate to ensure Power-on 0.05| — — | VIms | See section on Power-on Reset for details
Reset *
D005 |VBOR Brown-out Detect Voltage 3.65| 4.0 |435| V |BOREN configuration bit is cleared
D010 |Ibb Supply Current(4) — | 1.2 | 2.0 | mA |Fosc =4 MHz, Vbp = 5.5V, WDT disabled,
XT Osc mode, (Note 4)*
— | 04 | 1.2 | mA |Fosc =4 MHz, Vbp = 3.0V, WDT disabled,
XT Osc mode, (Note 4)
— | 1.0 | 2.0 | mA |Fosc =10 MHz, Vbp = 3.0V, WDT disabled,
HS Osc mode, (Note 6)
— | 40 | 6.0 | mA |Fosc =20 MHz, Vbp = 4.5V, WDT disabled,
HS Osc mode
— | 40 | 7.0 | mA |Fosc=20MHz, Vbop =5.5V, WDT disabled*,
HS Osc mode
— 35 | 70 pA | Fosc = 32 kHz, Vbp = 3.0V, WDT disabled,
LP Osc mode
D020 |IPD Power Down Current(® — | — | 22| pA |VDD=3.0V
— — | 50 | pA |VDD=4.5V*
— — 9.0 pA | VDD =5.5V
— — 15 pA | VDD = 5.5V Extended
D022 | AlwDT WDT Current(® — | 60| 10 | pA |VDD=4.0V
12 pA | (125°C)
D022A | AlBOR Brown-out Reset Current(®) — | 75 | 125 | pA |BOD enabled, Vbb = 5.0V
D023 | AlcompP Comparator Current for each — 30 60 pA | VDD = 4.0V
Comparator{%)
D023A | AIVREF VREF Current(5) — | 80 | 135 | pA |VDD=4.0V
AIEE Write | Operating Current — 3 mA | Vcc =5.5V, SCL =400 kHz
AIEE Read | Operating Current — 1 mA
AlEE Standby Current — 30 pA | Vcc = 3.0V, EE VbD = Vcc
AlEE Standby Current — 100 | pA |Vcc =3.0V, EE VDD = Vcc
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

Note 1

2:

* These parameters are characterized but not tested.

1 Data in "Typ" column is at 5.0V, 25°C, unless otherwise stated. These parameters are for design guidance only and are

Ne

not tested.

This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.

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 = VDD; WDT enabled/disabled as specified.
The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is measured with the part in SLEEP
mode, with all /O pins in hi-impedance state and tied to VDD or Vss.
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.

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

measurement.
Commercial temperature range only.

See Section 12.1 and Section 12.3 for 16C62X and 16CR62X devices for operation between 20 MHz and 40 MHz for valid modified

characteristics.
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12.6  DC Characteristics:  PIC16C620A/C621A/C622A-401) (Commercial)
PIC16CR620A-403) (Commercial)
DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated)
Power Supply Pins Operating temperature  0°C < TA < +70°C for commercial
Characteristic Sym Min Typ“) Max | Units Conditions

Supply Voltage VDD 4.5 — 5.5 V  |HS Option from 20 - 40 MHz

Supply Current(® IDD — 55 | 11.5 | mA |Fosc =40 MHz, VDD = 4.5V, HS mode
— 7.7 16 mA |Fosc =40 MHz, VDD = 5.5V, HS mode

HS Oscillator Operating Fosc 20 — 40 MHz |OSC1 pin is externally driven,

Frequency OSC2 pin not connected

Input Low Voltage OSC1 ViL Vss — 10.2vpD| V |HS mode, OSC1 externally driven

Input High Voltage OSC1 ViH |0.8VDD| — VDD V  |HS mode, OSC1 externally driven

* These parameters are characterized but not tested.

Note 1:

2:

12.7

Data in the Typical (“Typ”) column is based on characterization results at 25°C. This data is for design guidance only and is
not tested.
The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus loading, oscillator
type, bus rate, internal code execution pattern, and temperature also have an impact on the current consumption.
a) 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 Vss,

TOCKI = VbD, MCLR = VDD; WDT disabled, HS mode with OSC2 not connected.
For device operation between DC and 20 MHz. See Table 12-1 and Table 12-2.

AC Characteristics: PIC16C620A/C621A/C622A-40(2) (Commercial)
PIC16CR620A-402) (Commercial)

AC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated)
All Pins Except Power Supply Pins Operating temperature ~ 0°C < TA < +70°C for commerecial

Characteristic Sym Min | Typ("'| Max |Units Conditions

External CLKIN Frequency Fosc 20 — 40 | MHz |HS mode, OSC1 externally driven

External CLKIN Period Tosc 25 — 50 ns |HS mode (40), OSC1 externally driven

Clock in (OSC1) Low or High Time |TosL, TosH| 6 — — ns |HS mode, OSC1 externally driven

Clock in (OSC1) Rise or Fall Time |TosR, TosF| — — 6.5 ns [HS mode, OSC1 externally driven

OSC11 (Q1 cycle) to Port out valid | TosH2I0V | — — 100 | ns |—

OSC11 (Q2 cycle) to Port input TosH2i0l | 50 | — — ns |—

invalid (I/O in hold time)

Note 1:

2:

Data in the Typical (“Typ”) column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.
For device operation between DC and 20 MHz. See Table 12-1 and Table 12-2.
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13.0 DEVICE CHARACTERIZATION INFORMATION

The graphs and tables provided in this section are for design guidance and are not tested. In some graphs or tables,
the data presented is outside specified operating range (e.g., outside specified VDD range). This is for information only
and devices will operate properly only within the specified range.

The data presented in this section is a statistical summary of data collected on units from different lots over a period of
time. “Typical” represents the mean of the distribution, while “max” or “min” represents (mean + 3c) and (mean — 30c)
respectively, where o is standard deviation.

FIGURE 13-1: Ipb VS. FREQUENCY (XT MODE, VDD = 5.5V)
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FIGURE 13-2: PIC16C622A IrD VS. VDD (WDT DISABLE)
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NOTES:
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