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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,
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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
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. 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.”
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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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intellectual property rights arising from such use or otherwise.
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otherwise, under any intellectual property rights.
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Microchip received QS-9000 quality system
certification for its worldwide headquarters,
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PIC16C62X

FIGURE 3-1: BLOCK DIAGRAM
. Program Data Memory
Device Memory (RAM)
PIC16C620 512 x 14 80x8
PIC16C620A 512 x 14 96 x 8
PIC16CR620A 512 x 14 96 x 8
PIC16C621 1K x 14 80x8
PIC16C621A 1K x 14 96 x8
PIC16C622 2K x 14 128 x 8
PIC16C622A 2Kx 14 128 x 8
Voltage
13 Data Bus 8 Reference
/[ Program Gounter |
EPROM lL
Fl\’/lrogram 8-Level Stack RAM [
emory (13-bit) File
Registers
Program
Bus 14 RAM Addr (1) ? 9 Comparator
\/ RAO/ANO
Instruction reg % RA1/AN1
H Direct Addr 7 ] Indirect <3 X RA2/AN2IVREF
1 <3 X RA3/AN3
»L‘
L TMRO
3 p—
qu_wer—up
imer
Instruction P Oscillator — & RA4/TOCKI
DSS?]?&& Start-up Timer ALU
|
Power-on —
Timing Reset
X1 Generation [<— | Watchdog 1/O Ports
OSC1/CLKIN Timer I
0OSC2/CLKOUT
Brown-out
Reset
= =[] PORTB
MCLR VDD, Vss
Note 1: Higher order bits are from the STATUS register.
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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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PIC16C62X

4.2 Data Memory Organization

The data memory (Figure 4-4, Figure 4-5, Figure 4-6
and Figure 4-7) is partitioned into two banks, which
contain the General Purpose Registers and the Special
Function Registers. Bank 0 is selected when the RPO
bit is cleared. Bank 1 is selected when the RPO bit
(STATUS <5>) is set. The Special Function Registers
are located in the first 32 locations of each bank.
Register locations 20-7Fh  (Bank0) on the
PIC16C620A/CR620A/621A and 20-7Fh (BankO) and
AO0-BFh (Bank1) on the PIC16C622 and PIC16C622A
are General Purpose Registers implemented as static
RAM. Some Special Purpose Registers are mapped in
Bank 1.

Addresses FOh-FFh of bank1 are implemented as
common ram and mapped back to addresses 70h-7Fh
in bank0 on the PIC16C620A/621A/622A/CR620A.

421 GENERAL PURPOSE REGISTER
FILE

The register file is organized as 80 x 8 in the
PIC16C620/621, 96 x 8 in the PIC16C620A/621A/
CR620A and 128 x 8 in the PIC16C622(A). Each is
accessed either directly or indirectly through the File
Select Register FSR (Section 4.4).

DS30235J-page 14
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PIC16C62X

422 SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
the CPU and Peripheral functions for controlling the
desired operation of the device (Table 4-1). These
registers are static RAM.

The Special Function Registers can be classified into
two sets (core and peripheral). The Special Function
Registers associated with the “core” functions are
described in this section. Those related to the operation
of the peripheral features are described in the section
of that peripheral feature.

TABLE 4-1: SPECIAL REGISTERS FOR THE PIC16C62X
. . . . . . . . Value on Value on all
Address | Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR Reset other
RESETS(")
Bank 0
00h INDF Addressing this location uses contents of FSR to address data memory (not a physical | xxxx xxxx |xxxx xxXx
register)
01h TMRO Timer0 Module’s Register xxxx xxxx | uuuu uuuu
02h PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
03h STATUS IRP® | RP1® | RPo | 70 | PD [ z | bc | ¢ 0001 1xxx | 000g quun
04h FSR Indirect data memory address pointer xxxx xxxx | uuuu wuuu
05h PORTA — — — RA4 RA3 RA2 RAT RAO e——x 0000 | ---u 0000
06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO | yxxx xxxx | wuud wuuu
07h-09h | Unimplemented — —
0Ah PCLATH — — — Write buffer for upper 5 bits of program counter ~--0 0000 | ---0 0000
0Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 5000 000x | 0000 000u
0Ch PIR1 = CMIF = = = — — = U P
0Dh-1Eh | Unimplemented _ _
1Fh CMCON coout [crouT | — | — | os | cm2 [ omt [ MO | go-- 0000 | 00-- 0000
Bank 1
80h INDF Addressing this location uses contents of FSR to address data memory (not a physical
register) KKXXX XXXX XXXX XXXX
81h OPTION RBPU | INTEDG | Tocs | Tose | PsA | Ps2 | Pst | PSO | 1111 1111 | 1311 111
82h PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
83h STATUS IRP® | RP1® | RPo | TO | PD | z | bc | © 0001 1xxx | 000g quuu
84h FSR Indirect data memory address pointer xxxx xxxx | uuuu uuuu
85h TRISA = = = TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO | ___.7 1111 | ---1 1111
86h TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO | 1111 1111 | 1111 1111
87h-89h | Unimplemented — —
8Ah PCLATH — — — Write buffer for upper 5 bits of program counter ~--0 0000 | ---0 0000
8Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 5000 000x | 0000 000u
8Ch PIE1 = CMIE = — — — — — U B
8Dh Unimplemented _ _
8Eh PCON - | - | -] =] = ] = [ PorR | BorR [ ____ 0% | oo - g
8Fh-9Eh | Unimplemented — —
9Fh VRCON VREN | VROE | VRR | — | WR3 | VR2 | VRl | VRO [ 000 0000 | 000- 0000
Legend: — = Unimplemented locations read as ‘0’, u = unchanged, x = unknown,

g = value depends on condition, shaded = unimplemented

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

2: IRP & RP1 bits are reserved; always maintain these bits clear.

© 2003 Microchip Technology Inc.
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PIC16C62X

4.4 Indirect Addressing, INDF and EXAMPLE 4-1: INDIRECT ADDRESSING

FSR Registers movlw  0x20 ;initialize pointer

movwf FSR ;to RAM
The INDF register is not a physical register. Addressing NEXT clrf INDF ;clear INDF register
the INDF register will cause indirect addressing. incf FSR ;inc pointer
Indirect addressing is possible by using the INDF btfss FSR,7 sall donez
. . . . . goto NEXT ;no clear next
register. Any instruction using the INDF register . yes continue
actually accesses data pointed to by the File Select CONTINUE: ’
Register (FSR). Reading INDF itself indirectly will
produce 00h. Writing to the INDF register indirectly
results in a no-operation (although STATUS bits may
be affected). An effective 9-bit address is obtained by
concatenating the 8-bit FSR register and the IRP bit
(STATUS<7>), as shown in Figure 4-9. However, IRP
is not used in the PIC16C62X.
A simple program to clear RAM location 20h-7Fh using
indirect addressing is shown in Example 4-1.
FIGURE 4-9: DIRECT/INDIRECT ADDRESSING PIC16C62X
Direct Addressing Indirect Addressing
RP1 RPOM 6 from opcode 0 RPN 7 FSR register 0
= v J N v v J
bank select location select bank select location select
- > 00 01 10 11 </
00h 180h
not used
Data
Memory
7Fh 1FFh

Bank O Bank 1

Bank 2 Bank 3

For memory map detail see (Figure 4-4, Figure 4-5, Figure 4-6 and Figure 4-7).
Note 1: The RP1 and IRP bits are reserved; always maintain these bits clear.

DS30235J-page 24
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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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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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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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FIGURE 9-8:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 1

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

/

TPWRT

+=—TOST—

FIGURE 9-9:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbpD): CASE 2

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

/

TPWRT

FIGURE 9-10:

TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

/

TPWRF

< TOST-»

© 2003 Microchip Technology Inc.
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TABLE 10-2: PIC16C62X INSTRUCTION SET

Mnemonic, Description Cycles 14-Bit Opcode Status Notes
Operands MSb Lsp |Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF f,d |AddWandf 1 00 0111 dfff ffff |C,DC,Z 1,2
ANDWF f,d | AND W with f 1 00 0101 dJdfff ffff |Z 1,2
CLRF f Clear f 1 00 0001 1fff ffff |Z 2
CLRW - Clear W 1 00 0001 0000 0011 |Z

COMF f,d |Complement f 1 00 1001 dfff ffff |Z 1,2
DECF f,d |Decrementf 1 00 0011 dfff ffff |Z 1,2
DECFSz f,d | Decrement f, Skip if 0 12) (oo 1011 dfff ffff 1,2,3
INCF f,d |Incrementf 1 00 1010 dfff ffff |Z 1,2
INCFSZ f,d |Increment f, Skip if 0 12) |oo 1111 dfff ffff 1,2,3
IORWF f,d |Inclusive OR W with f 1 00 0100 dfff ffff |Z 1,2
MOVF f,d |Move f 1 00 1000 dfff ffff |Z 1,2
MOVWF f Move W to f 1 00 0000 1fff ffff

NOP - No Operation 1 00 0000 0xx0 0000

RLF f,d | Rotate Left f through Carry 1 00 1101 dfff ffff |C 1,2
RRF f,d | Rotate Right f through Carry 1 00 1100 dfff ffff |C 1,2
SUBWF f,d | Subtract W from f 1 00 0010 dfff ffff |C,DC,Z 1,2
SWAPF f,d | Swap nibbles in f 1 00 1110 dfff ffff 1,2
XORWF f,d | Exclusive OR W with f 1 00 0110 dfff ffff |Z 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS

BCF f,b |BitClearf 1 01 00bb bfff ffff 1,2
BSF f,b |BitSetf 1 01 0lbb bfff ffff 1,2
BTFSC f,b | Bit Test f, Skip if Clear 1(2) |o1 10bb bfff ffff 3
BTFSS f,b | Bit Test f, Skip if Set 1(2) |o1 11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS

ADDLW k Add literal and W 1 11 111x kkkk kkkk | C,DC,Z
ANDLW k AND literal with W 1 11 1001 kkkk kkkk | Z

CALL k Call subroutine 2 10 Okkk kkkk kkkk |
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100 | TO,PD

GOTO k Go to address 2 10 1kkk kkkk kkkk

IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk | Z

MOVLW k Move literal to W 1 11 00xx kkkk kkkk

RETFIE - Return from interrupt 2 00 0000 0000 1001

RETLW k Return with literal in W 2 11 01xx kkkk kkkk

RETURN - Return from Subroutine 2 00 0000 0000 1000 |

SLEEP - Go into Standby mode 1 00 0000 0110 o011 | TO,PD
SUBLW k Subtract W from literal 1 11 110x kkkk kkkk | C,DC,Z
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk | Z

Note 1: When an I/O register is modified as a function of itself ( e.g., MOVF PORTB, 1), the value used will be that
value present on the pins themselves. For example, if the data latch is '1' for a pin configured as input and
is driven low by an external device, the data will be written back with a '0".
2: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be
cleared if assigned to the TimerO Module.
3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The
second cycle is executed as a NOP.
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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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INCFSZ Increment f, Skip if 0 IORWF Inclusive OR W with f
Syntax: [label] INCFSZ f,d Syntax: [label] IORWF f.d
Operands: 0<f<127 Operands: 0<f<127
d e [0,1] d e [0,1]
Operation: (f) + 1 — (dest), skip if result =0 Operation: (W) .OR. (f) - (dest)
Status Affected:  None Status Affected:  Z
Encoding: | 00 | 1111 l dfff | fEEE l Encoding: ‘ 00 l 0100 | dfff l fEEf ‘
Description: The contents of register 'f' are Description: Inclusive OR the W register with
incremented. If 'd" is O the result is register 'f'. If 'd" is O the result is
placed in the W register. If 'd' is 1, placed in the W register. If 'd" is 1
the result is placed back in the result is placed back in
register 'f'. register 'f".
If the result is 0, the next instruc- Words: 1
tion, which is already fetched, is
discarded. A NOP is executed Cycles: 1
instead making it a two-cycle Example IORWF RESULT, 0
instruction. .
Before Instruction
Words: 1 RESULT = 0x13
. w = 0x91
Cycles: 1) After Instruction
Example HERE INCFSZ CNT, 1 RESULT = 0x13
GOTO LOOP W =  0x93
CONTINUE - z = 1
Before Instruction MOVLW Move Literal to W
PC = address HERE "
After Instruction Syntax: [label] MOVLW k
CNT = CNT+1 Operands: 0<k<255
ifCNT= 0, o
PC = address CONTINUE Operation: k= (W)
if CNT= 0, Status Affected: None
PC = address HERE +1 Encoding: ‘ 11 ‘ 00xx ‘ KkkKk ‘ Kk ‘
Description: The eight bit literal 'k' is loaded
IORLW Inclusive OR Literal with W into W register. The don't cares
will assemble as 0’s.
Syntax: [label] IORLW k
Words: 1
Operands: 0<k<255
. Cycles: 1
Operation: (W) .OR. k - (W)
Example MOVLW  0x5A
Status Affected: Z
) After Instruction
Encoding: | 11 | 1000 ‘ kkkk | kkkk ‘ W =  OxBA
Description: The contents of the W register is

OR’ed with the eight bit literal 'k'.
The result is placed in the W

register.
Words: 1
Cycles: 1
Example IORLW  0x35
Before Instruction
W = 0x9A
After Instruction
W = OxBF
zZ = 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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11.3 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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11.9 MPLAB ICE 2000
High Performance Universal
In-Circuit Emulator

The MPLAB ICE 2000 universal in-circuit emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for
PICmicro microcontrollers. Software control of the
MPLAB ICE 2000 in-circuit emulator is advanced by
the MPLAB Integrated Development Environment,
which allows editing, building, downloading and source
debugging from a single environment.

The MPLAB ICE 2000 is a full-featured emulator
system with enhanced trace, trigger and data monitor-
ing features. Interchangeable processor modules allow
the system to be easily reconfigured for emulation of
different processors. The universal architecture of the
MPLAB ICE in-circuit emulator allows expansion to
support new PICmicro microcontrollers.

The MPLAB ICE 2000 in-circuit emulator system has
been designed as a real-time emulation system with
advanced features that are typically found on more
expensive development tools. The PC platform and
Microsoft® Windows 32-bit operating system were
chosen to best make these features available in a
simple, unified application.

11.10 MPLAB ICE 4000
High Performance Universal
In-Circuit Emulator

The MPLAB ICE 4000 universal in-circuit emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for high-
end PICmicro microcontrollers. Software control of the
MPLAB ICE in-circuit emulator is provided by the
MPLAB Integrated Development Environment, which
allows editing, building, downloading and source
debugging from a single environment.

The MPLAB ICD 4000 is a premium emulator system,
providing the features of MPLAB ICE 2000, but with
increased emulation memory and high speed perfor-
mance for dsPIC30F and PIC18XXXX devices. Its
advanced emulator features include complex triggering
and timing, up to 2 Mb of emulation memory, and the
ability to view variables in real-time.

The MPLAB ICE 4000 in-circuit emulator system has
been designed as a real-time emulation system with
advanced features that are typically found on more
expensive development tools. The PC platform and
Microsoft Windows 32-bit operating system were
chosen to best make these features available in a
simple, unified application.

11.11 MPLAB ICD 2 In-Circuit Debugger

Microchip’s In-Circuit Debugger, MPLAB ICD 2, is a
powerful, low cost, run-time development tool,
connecting to the host PC via an RS-232 or high speed
USB interface. This tool is based on the FLASH
PICmicro MCUs and can be used to develop for these
and other PICmicro microcontrollers. The MPLAB
ICD 2 utilizes the in-circuit debugging capability built
into the FLASH devices. This feature, along with
Microchip’s In-Circuit Serial Programming™ (ICSP™)
protocol, offers cost effective in-circuit FLASH debug-
ging from the graphical user interface of the MPLAB
Integrated Development Environment. This enables a
designer to develop and debug source code by setting
breakpoints, single-stepping and watching variables,
CPU status and peripheral registers. Running at full
speed enables testing hardware and applications in
real-time. MPLAB ICD 2 also serves as a development
programmer for selected PICmicro devices.

11.12 PRO MATE Il Universal Device
Programmer

The PRO MATE Il is a universal, CE compliant device
programmer with programmable voltage verification at
VDDMIN and VDDMAX for maximum reliability. It features
an LCD display for instructions and error messages
and a modular detachable socket assembly to support
various package types. In Stand-Alone mode, the
PRO MATE Il device programmer can read, verify, and
program PICmicro devices without a PC connection. It
can also set code protection in this mode.

11.13 PICSTART Plus Development
Programmer

The PICSTART Plus development programmer is an
easy-to-use, low cost, prototype programmer. It
connects to the PC via a COM (RS-232) port. MPLAB
Integrated Development Environment software makes
using the programmer simple and efficient. The
PICSTART Plus development programmer supports
most PICmicro devices up to 40 pins. Larger pin count
devices, such as the PIC16C92X and PIC17C76X,
may be supported with an adapter socket. The
PICSTART Plus development programmer is CE
compliant.
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12.2 DC Characteristics: PIC16C62XA-04 (Commercial, Industrial, Extended)
PIC16C62XA-20 (Commercial, Industrial, Extended)
PIC16LC62XA-04 (Commercial, Industrial, Extended (CONT.)

Standard Operating Conditions (unless otherwise stated)
rating temperature -40°C < TA < +85°C for in rial an
PIC16C62XA Operating temperature OOC 850C or indust ala d
0°C < TA<+70°C for commercial and
-40°C < TA < +125°C for extended
Standard Operating Conditions (unless otherwise stated)
rating temperature -40°C < TA < +85°C for in rial an
PIC16LC62XA Operating temperature OOC 8500 or indust ala d
0°C < TA<+70°C for commercial and
-40°C < TA < +125°C for extended
Param.| Sym Characteristic Min | Typt | Max | Units Conditions
No.
D022 AlWDT | WDT Current(® — | 60 | 10 pA | VDD = 4.0V
12 pA [ (125°C)
D022A | AlBOR Brown-out Reset Current(5) — 75 | 125 | pA |BOD enabled, VDD = 5.0V
D023 Alcomp | Comparator Current for each — 30 60 pA | VDD =4.0V
Comparator(s)
D023A | AIVREF | VREF Current(® — 80 | 135 | pA |vbpb=4.0V
D022 AlwbT | WDT Current(® — | 60 | 10 pA | VDD=4.0V
12 pA | (125°C)
D022A | AlBOR Brown-out Reset Current(5) = 75 | 125 | pA | BOD enabled, Vbp = 5.0V
D023 Alcomp | Comparator Current for each — 30 60 pA | VDD = 4.0V
Comparator(s)
D023A |AIVREF | VREF Current(® = 80 | 135 | pA |VDD=4.0V
1A Fosc LP Oscillator Operating Frequency 0 — 200 kHz | All temperatures
RC Oscillator Operating Frequency 0 — 4 MHz | All temperatures
XT Oscillator Operating Frequency 0 — 4 MHz | All temperatures
HS Oscillator Operating Frequency 0 — 20 MHz | All temperatures
1A Fosc LP Oscillator Operating Frequency 0 — 200 kHz | All temperatures
RC Oscillator Operating Frequency 0 — 4 MHz | All temperatures
XT Oscillator Operating Frequency 0 — 4 MHz | All temperatures
HS Oscillator Operating Frequency 0 — 20 MHz | All temperatures

*  These parameters are characterized but not tested.

1 Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.

Note 1: This is the limit to which VDD can be lowered without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin loading and
switching rate, oscillator type, internal code execution pattern, and temperature also have an impact on the current
consumption.

The test conditions for all IDD measurements in Active Operation mode are:
OSC1 = external square wave, from rail to rail; all I/O pins tri-stated, pulled to VDD,
MCLR = VbD; WDT enabled/disabled as specified.

3: The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is measured with
the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD or Vss.

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

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

6: Commercial temperature range only.
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FIGURE 12-13: CLKOUT AND I/0 TIMING
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FIGURE 13-5:

IOH vs. VOH, VDD = 3.0V)
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NOTES:
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