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NOTES:
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4222 OPTION Register

The OPTION register is a readable and writable
register, which contains various control bits to configure
the TMRO/WDT prescaler, the external RBO/INT
interrupt, TMRO and the weak pull-ups on PORTB.

Note: To achieve a 1:1 prescaler assignment for
TMRO, assign the prescaler to the WDT
(PSA =1).

REGISTER 4-2: OPTION REGISTER (ADDRESS 81H)
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

\ RBPU | INTEDG | ToCS | TOSE | PSA | PS2 \ PS1 \ PSO \
bit 7 bit 0
bit 7 RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values
bit 6 INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin
bit 5 TOCS: TMRO Clock Source Select bit
1 = Transition on RA4/TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)
bit 4 TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin
bit 3 PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0O module
bit 2-0 PS<2:0>: Prescaler Rate Select bits

Bit Value TMRO Rate WDT Rate

000 1:2 1:1

001 1:4 1:2

010 1:8 1:4

011 1:16 1:8

100 1:32 1:16

101 1:64 1:32

110 1:128 1:64

111 1:256 1:128
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 19



PIC16C62X

TABLE 5-3: PORTB FUNCTIONS
Name Bit # Buffer Type Function

RBO/INT bit0 TTL/STM Input/output or external interrupt input. Internal software programmable
weak pull-up.

RB1 bit1 TTL Input/output pin. Internal software programmable weak pull-up.

RB2 bit2 TTL Input/output pin. Internal software programmable weak pull-up.

RB3 bit3 TTL Input/output pin. Internal software programmable weak pull-up.

RB4 bit4 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.

RB5 bit5 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.

RB6 bit6 TTL/STR Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up. Serial programming clock pin.

RB7 bit7 TTL/STR Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up. Serial programming data pin.

Legend: ST = Schmitt Trigger, TTL = TTL input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.

TABLE 5-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Value on Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR All Other
RESETS
06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO |xxxx xXxxX |uuuu uuuu
86h TRISB | TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO | 1111 1111 (1111 1111
81h OPTION | RBPU | INTEDG | TOCS | TOSE | PSA PS2 PS1 PSO [1111 1111 |1111 1111

Legend: u = unchanged, x = unknown
Note 1: Shaded bits are not used by PORTB.
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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.

DS30235J-page 31



PIC16C62X

71 Comparator Configuration mode is changed, the comparator output level may not
be valid for the specified mode change delay shown

There are eight modes of operation for the in Table 12-2.

comparators. The CMCON register is used to select

Comparator interrupts should be disabled
during a Comparator mode change other-
wise a false interrupt may occur.

the mode. Figure 7-1 shows the eight possible modes. Note:
The TRISA register controls the data direction of the
comparator pins for each mode. If the Comparator

FIGURE 7-1: COMPARATOR 1/0 OPERATING MODES
A VIN- [ D VIN- [
RAO/ANO ci Off RAO/ANO ci Off
RA3/AN3 A VIN*] (Read as '0") RA3/AN3 D VIN+| (Read as '0")
A VIN- [> D VIN- [
RA1/AN1 ‘ co Off RA1/AN1 co Off
RAZ/ANZ A VIN+ | (Read as '0") D D VIN+| (Read as '0")
CM<2:0> =000 N CM<2:0> = 111
Comparators Reset Comparators Off
A VN2 RAO/ANO Ao (oo
CIS=0 -
RAO/ANO R Ve ci C10UT R VIN- [
RAZ/AN3 + RAJ/AN3 -A—o Cis=1 y\,| ~ Cf c1ouT
RA1/ANT A UN- T -~ 20U RA1/ANT A CIS=0 |yi- >
RA/ANg A RA2/AN2 -A—ocis=1 |, . % c20uT
CM<2:0> =100 L—— From VREF Module
Two Independent Comparators Four Inputs Multiplexed to A
Two Comparators CM<2:0> =010
At RAD/ANO " \
RAO/ANO — ]
D VIN+| C1 c1out D VINH C1 »— C10UT
RA3/AN3 RA3/AN3 |
/ A - RAT/ANT — -
RA1/AN1
A VIN+ C2 c20uT A VNt C2 >—¢— C20UT
RA2/AN2 / RA2/AN2

RA4 Open Drain

CM<2:0> =011

Two Common Reference Comparators

CM<2:0> =110
Two Common Reference Comparators with Outputs

VIN- A CIS=0
RAO/ANO D B o1 Off RAO/ANO © TVIN-
VIN+ '0' A ClIS=1
RA3/ANS —> 1 (Read as 0) RA3/AN3 ——© vin+ |, C1>—— C10UT
/ A VIN- [
RA1/AN1 A VIN- >
A vine|, G2 C20uT RA1/AN1 > C20UT
RA2/AN2 A VIN+|
RA2/AN2
CM<2:0> =101 CM<2:0> = 001
One Independent Comparator Three Inputs Multiplexed to

Two Comparators

A = Analog Input, Port Reads Zeros Always
D = Digital Input
CIS = CMCON<3>, Comparator Input Switch
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74 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the
comparator output has a valid level. If the internal
reference is changed, the maximum delay of the
internal voltage reference must be considered when
using the comparator outputs. Otherwise the maximum
delay of the comparators should be used (Table 12-2).

7.5

The comparator outputs are read through the CMCON
register. These bits are read only. The comparator
outputs may also be directly output to the RA3 and RA4
I/0 pins. When the CM<2:0> = 110, multiplexors in the
output path of the RA3 and RA4 pins will switch and the
output of each pin will be the unsynchronized output of
the comparator. The uncertainty of each of the
comparators is related to the input offset voltage and the
response time given in the specifications. Figure 7-3
shows the comparator output block diagram.

Comparator Outputs

The TRISA bits will still function as an output enable/
disable for the RA3 and RA4 pins while in this mode.

Note 1: When reading the PORT register, all pins
configured as analog inputs will read as a
‘0’. Pins configured as digital inputs will
convert an analog input according to the
Schmitt Trigger input specification.
2: Analog levels on any pin that is defined as
a digital input may cause the input buffer
to consume more current than is
specified.
FIGURE 7-3: COMPARATOR OUTPUT BLOCK DIAGRAM
PORT PINS
MULTIPLEX
+ —
ToRA3or _
RA4 Pin  — |
Bus
Data Q b
RD CMCON EN
Set
CMIF Q D
Bit FROM
OTHER EN p
COMPARATOR
CL RD CMCON
NRESET
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8.0 VOLTAGE REFERENCE

MODULE

The Voltage Reference is a 16-tap resistor ladder
network that provides a selectable voltage reference.
The resistor ladder is segmented to provide two ranges
of VREF values and has a power-down function to
conserve power when the reference is not being used.
The VRCON register controls the operation of the
reference as shown in Register 8-1. The block diagram
is given in Figure 8-1.

REGISTER 8-1:
R/W-0 R/W-0

8.1

The Voltage Reference can output 16 distinct voltage
levels for each range. The equations used to calculate
the output of the Voltage Reference are as follows:

if VRR = 1: VREF = (VR<3:0>/24) x VDD
if VRR = 0: VREF = (VDD x 1/4) + (VR<3:0>/32) x VDD

The setting time of the Voltage Reference must be
considered when changing the VREF output (Table 12-1).
Example 8-1 shows an example of how to configure the
Voltage Reference for an output voltage of 1.25V with VDD
=5.0V.

Configuring the Voltage Reference

VRCON REGISTER(ADDRESS 9Fh)
R/W-0

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

VREN ‘ VROE | VRR

VR3 VR2 VR1 VRO

bit 7

bit 7 VREN: VREF Enable

1 = VREF circuit powered on

0 = VREF circuit powered down,

bit 6 VROE: VREF Output Enable

1 = VREF is output on RA2 pin

bit 0

no IDD drain

0 = VREF is disconnected from RA2 pin

bit 5 VRR: VREF Range selection
1 = Low Range
0 = High Range
bit 4

bit 3-0

Unimplemented: Read as '0'

VR<3:0>: VREF value selection 0 < VR [3:0] < 15

when VRR = 1: VREF = (VR<3:0>/ 24) * VDD
when VRR = 0: VREF = 1/4 * VDD + (VR<3:0>/ 32) * VDD

Legend:
R = Readable bit
- n = Value at POR

W =
‘1’ = Bit is set

Writable bit U = Unimplemented bit, read as ‘0’

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

FIGURE 8-1:

VOLTAGE REFERENCE BLOCK DIAGRAM

16 Stages
NG

VREN—l>O—d

8R

- 000

8R — VRR

VREF =

VR3
(From VRCON<3:0>)
VRO

16-1 Analog Mux

Note: Ris defined in Table 12-2.

© 2003 Microchip Technology Inc.
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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

<
g
o

PIC16C62X

0SC1 |
E |'[7 Internal Clock

Fosc/4 | OSC2/CLKOUT

REXT

CEXT

i
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FIGURE 9-11: EXTERNAL POWER-ON FIGURE 9-13: EXTERNAL BROWN-OUT
RESET CIRCUIT (FOR PROTECTION CIRCUIT 2
SLOW Vbb POWER-UP) DD . .
VDD
VDD VDD R1 J
Q1 _
R D MCLR
R2
R1 40k | pic1ece2x
L . ANNM~— MCLR
I c PIC16C62X =
Note 1: External Power-on Reset circuit is Note 1: This brown-out circuit is less expen-
required only if VDD power-up slope is sive, albeit less accurate. Transistor
too slow. The diode D helps discharge Q1 turns off when VDD is below a
the capacitor quickly when VDD powers certain level such that:
down. R1 - 07V
2: <40 kQ is recommended to make sure VDX =R :
that voltage drop across R does not
violate the device’s electrical specifica- 2: Internal Brown-out Reset should be
tion. disabled when using this circuit.
3: R1=100Q to 1 kQ will limit any current 3: Resistors should be adjusted for the
flowing into MCLR from external capaci- characteristics of the transistor.
tor C in the event of MCLR/VPP pin
breakdown due to Electrostatic
Discharge (ESD) or Electrical Over- FIGURE 9-14: EXTERNAL BROWN-OUT
stress (EOS). PROTECTION CIRCUIT 3
VDD
FIGURE 9-12: EXTERNAL BROWN-OUT MCP809 Voo
PROTECTION CIRCUIT 1 Ve caphater
VDD . > VDD 1 L |Jvoo 1
RST -
33k J MCLR
10k VCLR PIC16C62X
7AN 40k PIC16C62X This brown-out protection circuit employs
Microchip Technology’s MCP809 microcontroller
= supervisor. The MCP8XX and MCP1XX families
. T . of supervisors provide push-pull and open
Note 1: ;I'/hls C|rCU|twa|II acillvaieOR;i/SE'l;]when collector outputs with both high and low active
VDtigZoes e OI\tN (Vz +0.7V) where RESET pins. There are 7 different trip point
Z = cener voltage. o selections to accommodate 5V and 3V systems.
2: Internal Brown-out Reset circuitry should
be disabled when using this circuit.
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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 —
TOIE —

INTF —
INTE —

RBIF —
RBIE —

CMIF — >
CMIE PEIE —

1

P

Wake-up
(If in SLEEP mode)

: Interrupt

to CPU

GIE
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9.51 RBO/INT INTERRUPT

External interrupt on RBO/INT pin is edge triggered,
either rising if INTEDG bit (OPTION<6>) is set, or fall-
ing, if INTEDG bit is clear. When a valid edge appears
on the RBO/INT pin, the INTF bit (INTCON<1>) is set.
This interrupt can be disabled by clearing the INTE
control bit INTCON<4>). The INTF bit must be cleared
in software in the interrupt service routine before re-
enabling this interrupt. The RBO/INT interrupt can
wake-up the processor from SLEEP, if the INTE bit was
set prior to going into SLEEP. The status of the GIE bit
decides whether or not the processor branches to the
interrupt vector following wake-up. See Section 9.8 for

9.56.2 TMRO INTERRUPT

An overflow (FFh — 00h) in the TMRO register will
set the TOIF (INTCON<2>) bit. The interrupt can
be enabled/disabled by setting/clearing TOIE
(INTCON<5>) bit. For operation of the TimerO module,
see Section 6.0.

9.5.3 PORTB INTERRUPT

An input change on PORTB <7:4> sets the RBIF
(INTCON<0>) bit. The interrupt can be enabled/dis-
abled by setting/clearing the RBIE (INTCON<4>) bit.
For operation of PORTB (Section 5.2).

details on SLEEP and Figure 9-18 for timing of wake- Note: If a change on the I/O pin should occur
up from SLEEP through RBO/INT interrupt. when the read operation is being executed
(start of the Q2 cycle), then the RBIF
interrupt flag may not get set.
9.54 COMPARATOR INTERRUPT

FIGURE 9-16: INT PIN INTERRUPT TIMING

See Section 7.6 for complete description of comparator
interrupts.

Q1] Q2] Q3] Q4. Q1] Q2] Q3| Q4. Q1] Q2] Q3| Q4. Q1] Q2| Q3| Q4. Q1] Q2| Q3| Q4.

executed 1 :

Note 1: INTF flag is sampled here (every Q1).

0sc1 AVWAVAWAVWEAWAWAWAWAWAWAWAYWRWAWAWAYAWAWAWAWN
CLKOUT (3) \___. ®. ' ! '
INT pin — — ; : ; I

P e Q O . . . .
INTF flag J'—Y@ : ! Interrupt Latency@: : :

(INTCON<1>) ! : e : : : I

GIE bit ; : : \ 2 I I

(INTCON<7>) . .

INSTRUCTION FLOW ; : ; ; ;
PC ¢ PC X PC+1 X PC+ X 0004h X 0005h
Instruction ( ' ' ' ' '
fetched || Inst(PC) ' lnst(PC+1) — ' Inst(0004h) Inst (0005h) |
Instruction [+ 4 (pc.1) Inst (PC) Dummy Cycle | Dummy Cycle Inst (0004h)

2: Asynchronous interrupt latency = 3-4 Tcy. Synchronous latency = 3 Tcy, where Tcy = instruction cycle time.
Latency is the same whether Inst (PC) is a single cycle or a two-cycle instruction.

3: CLKOUT is available only in RC Oscillator mode.
4: For minimum width of INT pulse, refer to AC specs.
5: INTF is enabled to be set anytime during the Q4-Q1 cycles.
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BTFSS Bit Test f, Skip if Set CALL Call Subroutine
Syntax: [ label ] BTFSS fb Syntax: [label] CALL k
Operands: 0<f<127 Operands: 0<k<2047
0<b<7 Operation: (PC)+ 1- TOS,
Operation: skip if (f<b>) =1 k - PC<10:0>,
Status Affected:  None (PCLATH<4:3>) - PC<12:11>
Encoding: ‘ 01 | 11bb l DEEE | FEEE Status Affected: ~ None
Description: If bit b’ in register 'f is '1', then the Encoding: 10 oo | wox [ ook |
next instruction is skipped. Description: Call Subroutine. First, return
If bit 'b" is '1', then the next instruc- address (PC+1) is pushed onto
tion fetched during the current the stack. The eleven bit immedi-
instruction execution, is discarded ate address is loaded into PC bits
and a NOP is executed instead, <10:0>. The upper bits of the PC
making this a two-cycle instruction. are loaded from PCLATH. CALL is
Words: 1 a two-cycle instruction.
Cycles: 1(2) Words: 1
Example HERE BTFSS FLAG1 Cycles: 2
FALSE GOTO PROCESS_CO Example HERE CALL
TRUE . DE THER
: E
Before Instructi Before Instruction
elore nFs)éuc_lon dd PC = Address HERE
After Inst t'_ address HERE After Instruction
erins _TUC Ion B PC = Address THERE
if FLAG<1>=0, TOS= Address HERE+1
PC = address FALSE
if FLAG<1> =1,
PC = address TRUE
CLRF Clear f
Syntax: [label] CLRF f
Operands: 0<f<127
Operation: 00h — (f)
1527
Status Affected: Z
Encoding: ‘ 00 ‘ 0001 ‘ 1fff ‘ ffff ‘
Description: The contents of register 'f' are
cleared and the Z bit is set.
Words: 1
Cycles: 1
Example CLRF FLAG REG

Before Instruction

FLAG_REG = 0x5A
After Instruction

FLAG_REG = 0x00

Z = 1

© 2003 Microchip Technology Inc.
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DECFSZ Decrement f, Skip if 0 INCF Increment f
Syntax: [label] DECFSZ f,d Syntax: [label] INCF fd
Operands: 0<f<127 Operands: 0<f<127
d € [0,1] d e [0,1]
Operation: (f)- 1 — (dest); skipifresult=0 Operation: (f) + 1 > (dest)
Status Affected:  None Status Affected: Z
Encoding: ‘ 00 | 1011 | dfff | fEEF l Encoding: ‘ 00 l 1010 | dfff l fEEf ‘
Description: The contents of register 'f' are Description: The contents of register 'f' are
decremented. If 'd" is O, the result incremented. 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 placed back in 1, the result is placed back in
register 'f". register 'f".
If the re_sult_ls 0, the next |nstru_c- Words: 1
tion, which is already fetched, is
discarded. A NOP is executed Cycles: 1
instead making it a two-cycle Example INCF CcNT, 1
instruction. .
Before Instruction
Words: 1 CNT = OxFF
. A = 0
Cycles: 1) After Instruction
Example HERE DECFSZ CNT, 1 CNT = 0x00
GOTO LOOP Z = 1
CONTINUE -

Before Instruction

PC = address HERE
After Instruction

CNT = CNT -1

if CNT = 0,

PC = address CONTINUE

if CNT = 0,

PC = address HERE+1
GOTO Unconditional Branch
Syntax: [label] GOTO k
Operands: 0<k<2047
Operation: k - PC<10:0>

PCLATH<4:3> —» PC<12:11>
Status Affected:  None
Encoding: ‘ 10 ‘ 1kkk ‘ kkkk ‘ Kkkk ‘

Description: GOTO is an unconditional branch.
The eleven bit immediate value is
loaded into PC bits <10:0>. The
upper bits of PC are loaded from
PCLATH<4:3>. GOTO is a two-
cycle instruction.

Words: 1
Cycles: 2
Example GOTO THERE

After Instruction
PC = Address THERE
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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 12-5: 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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12.4 DC Characteristics: PIC16C62X/C62XA/CR62XA (Commercial, Industrial, Extended)
PIC16LC62X/LC62XA/LCR62XA (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

PIC16C62X/C62XA/CR62XA

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

PIC16LC62X/LC62XA/LCR62XA

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

VoL Output Low Voltage

D080 1/0 ports — — 0.6 Y loL = 8.5 mA, VDD = 4.5V, -40° to +85°C
— — 06 \Y loL=7.0 mA, VDD = 4.5V, +125°C
D083 OSC2/CLKOUT (RC only) — — 0.6 Y loL = 1.6 mA, VDD = 4.5V, -40° to +85°C
— — 0.6 \ loL=1.2 mA, VDD = 4.5V, +125°C
VoH Output High Voltagem
D090 1/0 ports (Except RA4) Vop-0.7 | — — \Y lIoH =-3.0 mA, VDD = 4.5V, -40° to +85°C
Vop-0.7 | — — \Y IoH = -2.5 mA, VDD = 4.5V, +125°C
D092 OSC2/CLKOUT (RC only) Vop-0.7 | — — \Y IoH =-1.3 mA, VDD = 4.5V, -40° to +85°C
Vop-0.7 | — — \Y loH =-1.0 mA, VDD = 4.5V, +125°C
VOH Output High Voltage(®)
D090 1/0 ports (Except RA4) Vbp-0.7 | — — Y IoH = -3.0 mA, VDD = 4.5V, -40° to +85°C
Vbp-0.7 | — — Y IoH = -2.5 mA, VDD = 4.5V, +125°C
D092 OSC2/CLKOUT (RC only) Vbp-0.7 | — — \Y IoH =-1.3 mA, VDD = 4.5V, -40° to +85°C
VbD-0.7 — — \Y loH =-1.0 mA, VDD = 4.5V, +125°C
*D150 Vob Open-Drain High Voltage 10* \% RA4 pin PIC16C62X, PIC16LC62X
8.5* RA4 pin PIC16C62XA, PIC16LC62XA,
PIC16CR62XA, PIC16LCR62XA
*D150 Vob Open-Drain High Voltage 10* \ RA4 pin PIC16C62X, PIC16LC62X
8.5* RA4 pin PIC16C62XA, PIC16LC62XA,

PIC16CR62XA, PIC16LCR62XA

Capacitive Loading Specs on
Output Pins

D100 COSC | OSC2 pin pF In XT, HS and LP modes when external
2 15 clock used to drive OSC1.

D101 Cio All'l/O pins/OSC2 (in RC mode) 50 pF

Capacitive Loading Specs on
Output Pins

D100 COSC | OSC2 pin pF In XT, HS and LP modes when external
2 15 clock used to drive OSC1.
D101 cio All /O pins/OSC2 (in RC mode) 50 pF

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: In RC oscillator configuration, the OSC1 pin is a Schmitt Trigger input. It is not recommended that the PIC16C62X(A) be driven
with external clock in RC mode.
2: The leakage current on the MCLR pin is strongly dependent on applied voltage level. The specified levels represent normal
operating conditions. Higher leakage current may be measured at different input voltages.
3: Negative current is defined as coming out of the pin.

DS30235J-page 98 © 2003 Microchip Technology Inc.



PIC16C62X

18-Lead Plastic Small Outline (SO) — Wide, 300 mil (SOIC)

I
IR

h —=

f

L ) memmtmj
P A

Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 18 18

Pitch p .050 1.27

Overall Height A .093 .099 .104 2.36 2.50 2.64
Molded Package Thickness A2 .088 .091 .094 2.24 2.31 2.39
Standoff § A1 .004 .008 .012 0.10 0.20 0.30
Overall Width E .394 407 420 10.01 10.34 10.67
Molded Package Width E1 291 .295 .299 7.39 7.49 7.59
Overall Length D 446 454 462 11.33 11.53 11.73
Chamfer Distance h .010 .020 .029 0.25 0.50 0.74
Foot Length L .016 .033 .050 0.41 0.84 1.27
Foot Angle [0 0 4 8 0 4 8
Lead Thickness c .009 .011 .012 0.23 0.27 0.30
Lead Width B .014 .017 .020 0.36 0.42 0.51
Mold Draft Angle Top o 0 12 15 0 12 15
Mold Draft Angle Bottom B 0 12 15 0 12 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MS-013

Drawing No. C04-051
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20-Lead Plastic Shrink Small Outline (SS) — 209 mil, 5.30 mm (SSOP)

I
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! l
AL A2
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B‘

Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 20 20

Pitch p .026 0.65

Overall Height A .068 .073 .078 1.73 1.85 1.98
Molded Package Thickness A2 .064 .068 .072 1.63 1.73 1.83
Standoff § A1 .002 .006 .010 0.05 0.15 0.25
Overall Width E .299 .309 .322 7.59 7.85 8.18
Molded Package Width E1 .201 .207 212 5.11 5.25 5.38
Overall Length D 278 .284 .289 7.06 7.20 7.34
Foot Length L .022 .030 .037 0.56 0.75 0.94
Lead Thickness c .004 .007 .010 0.10 0.18 0.25
Foot Angle ¢ 0 4 8 0.00 101.60 203.20
Lead Width B .010 .013 .015 0.25 0.32 0.38
Mold Draft Angle Top o 0 5 10 0 5 10
Mold Draft Angle Bottom B 0 5 10 0 5 10

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MO-150

Drawing No. C04-072
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