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To Our Valued Customers
Most Current Data Sheet
To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number. e.g., DS30000A is version A of document DS30000.

New Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.
Errata

An errata sheet may exist for current devices, describing minor operational differences (from the data sheet) and recommended
workarounds. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revi-
sion of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

¢ Microchip’s Worldwide Web site; http://www.microchip.com
¢ Your local Microchip sales office (see last page)
* The Microchip Corporate Literature Center; U.S. FAX: (480) 786-7277

When contacting a sales office or the literature center, please specify which device, revision of silicon and data sheet (include liter-
ature number) you are using.

Corrections to this Data Sheet

We constantly strive to improve the quality of all our products and documentation. We have spent a great deal of time to ensure
that this document is correct. However, we realize that we may have missed a few things. If you find any information that is missing
or appears in error, please:

* Fill out and mail in the reader response form in the back of this data sheet.
¢ E-mail us at webmaster@ microchip.com.

We appreciate your assistance in making this a better document.
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3.0 ARCHITECTURAL OVERVIEW

The high performance of the PIC16CE62X family can
be attributed to a number of architectural features
commonly found in RISC microprocessors. To begin
with, the PIC16CE62X uses a Harvard architecture in
which program and data are accessed from separate
memories using separate buses. This improves
bandwidth over traditional von Neumann architecture
where program and data are fetched from the same
memory. Separating program and data memory further
allows instructions to be sized differently than 8-bit wide
data word. Instruction opcodes are 14-bits wide making
it possible to have all single word instructions. A 14-bit
wide program memory access bus fetches a 14-bit
instruction in a single cycle. A two-stage pipeline over-
laps fetch and execution of instructions. Consequently,
all instructions (35) execute in a single-cycle (200 ns @
20 MHz) except for program branches.

The table below lists program memory (EPROM), data
memory (RAM) and non-volatile memory (EEPROM)
for each PIC16CE62X device.

Device Program RAM | EEPROM
Memory Data Data

Memory | Memory
PIC16CE623 512x14 96x8 128x8
PIC16CE624 1Kx14 96x8 128x8
PIC16CE625 2Kx14 128x8 128x8

The PIC16CE62X can directly or indirectly address its
register files or data memory. All special function
registers including the program counter are mapped in
the data memory. The PIC16CE62X family has an
orthogonal (symmetrical) instruction set that makes it
possible to carry out any operation on any register
using any addressing mode. This symmetrical nature
and lack of ‘special optimal situations’ make program-
ming with the PIC16CE62X simple yet efficient. In addi-
tion, the learning curve is reduced significantly.

The PIC16CE62X devices contain an 8-bit ALU and
working register. The ALU is a general purpose
arithmetic unit. It performs arithmetic and Boolean
functions between data in the working register and any
register file.

The ALU is 8 bits wide and capable of addition,
subtraction, shift and logical operations. Unless
otherwise mentioned, arithmetic operations are two's
complement in nature. In two-operand instructions,
typically one operand is the working register
(W register). The other operand is a file register or an
immediate constant. In single operand instructions, the
operand is either the W register or a file register.

The W register is an 8-bit working register used for ALU
operations. It is not an addressable register.

Depending on the instruction executed, the ALU may
affect the values of the Carry (C), Digit Carry (DC), and
Zero (Z) bits in the STATUS register. The C and DC bits
operate as a Borrow and Digit Borrow out bit
respectively, bit in subtraction. See the SUBLW and
SUBWF instructions for examples.

A simplified block diagram is shown in Figure 3-1, with
a description of the device pins in Table 3-1.

© 1998-2013 Microchip Technology Inc.
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4.2 Data Memory Organization

The data memory (Figure 4-4 and Figure 4-5) 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
(BankO) on the PIC16CE623/624 and 20-7Fh (BankO)
and A0-BFh (Bank1) on the PIC16CE625 are General
Purpose Registers implemented as static RAM. Some
special purpose registers are mapped in Bank 1. In all
three microcontrollers, address space FOh-FFh
(Bank1) is mapped to 70-7Fh (Bank0) as common
RAM.

4.2.1 GENERAL PURPOSE REGISTER FILE

The register file is organized as 96 x 8 in the
PIC16CE623/624 and 128 x 8 in the PIC16CE625.
Each is accessed either directly or indirectly through
the File Select Register FSR (Section 4.4).

DS40182D-page 12
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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

The special 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

registers are static RAM.

peripheral feature.

TABLE 4-1: SPECIAL REGISTERS FOR THE PIC16CE62X

) ) ) ) ) ) ) ) Value on Value on all

Address | Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR Reset Othel;”
resets
Bank 0
00h INDF gc:;ciisrcte:,rs)ing this location uses contents of FSR to address data memory (not a physical N
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 | TO | PD | z | DC | c 0001 1xxx | 000g quuu
04h FSR Indirect data memory address pointer XXXX XXXX | Uuuuu uuuu
05h PORTA — — — RA4 RA3 RA2 RA1 RAO ---x 0000 ---u 0000
06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX | uuuu uuuu
07h Unimplemented - -
08h Unimplemented — _
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 0000 000x | 0000 000u
0Ch PIR1 — CMIF — — — — — — -0-- ---- -0-- ----
0Dh-1Eh | Unimplemented — —
1Fh CMCON coout|[ciourT| — | — | cs | cm2 | cmt [ CMo [ oo-- 0000 | 00-- 0000
Bank 1
80h INDF Aeressing this location uses contents of FSR to address data memory (not a physical XXXX XXXX | XXXX XXXX
register)
81h OPTION RBPU | INTEDG| Tocs | Tosé | PsA | Ps2 | Pst | PSo | 1111 1111 | 1111 1111
82h PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
83h STATUS IRP | RP1 | RPO | TO | PD | z | DC | c 0001 1lxxx | 000g quuu
84h FSR Indirect data memory address pointer XXXX XXXX | Uuuuu uuuu
85h TRISA — — — TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO | ---1 1111 ---1 1111
86h TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO | 1111 1111 1111 1111
87h Unimplemented - -
88h Unimplemented — _
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 0000 000x | 0000 000u
8Ch PIE1 — CMIE — — — — — — -0-- ---- -0-- ----
8Dh Unimplemented - -
8Eh PCON — | =] — 1 -1 — ] — ] PoR] BOD | ------ 0x | ---- -- ug
8Fh-9Eh | Unimplemented — —
90h EEINTF — — — — — EESCL | EESDA | EEVDD | ---- -111 | ---- -111
9Fh VRCON VREN | VROE VRR — VR3 VR2 VR1 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.
Note 2: IRP & RPI bits are reserved; always maintain these bits clear.

DS40182D-page 14

© 1998-2013 Microchip Technology Inc.




PIC16CE62X

4221 STATUS REGISTER

The STATUS register, shown in Register 4-1, contains
the arithmetic status of the ALU, the RESET status and
the bank select bits for data memory.

The STATUS register can be the destination for any
instruction, like any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable. Therefore, the result of an instruction with the
STATUS register as destination may be different than
intended.

For example, CLRF STATUS will clear the upper-three
bits and set the Z bit. This leaves the status register as
000uuluu (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register, because these instructions do not
affect any status bit. For other instructions, not affecting
any status bits, see the “Instruction Set Summary”.

Note 1: The IRP and RP1 bits (STATUS<7:6>)
are not used by the PIC16CE62X and
should be programmed as ’0'. Use of
these bits as general purpose R/W bits
is NOT recommended, since this may
affect upward compatibility with future
products.

Note 2: The C and DC bits operate as a Borrow
and Digit Borrow out bit, respectively, in
subtraction. See the SUBLW and SUBWF

instructions for examples.

REGISTER 4-1: STATUS REGISTER (ADDRESS 03H OR 83H)

11 = Bank 3 (180h - 1FFh)
10 =Bank 2 (100h - 17Fh)
01 =Bank 1 (80h - FFh)
00 = Bank 0 (00h - 7Fh)

bit 4: TO: Time-out bit

0 = A WDT time-out occurred
bit 3:  PD: Power-down bit

0 = By execution of the SLEEP instruction
bit 2:  Z: Zero bit

the source register.

1 = After power-up or by the CLRWDT instruction

Reserved Reserved R/W-0 R-1 R-1 R/W-x R/W-x
| mp | m [ R0 | TO | PD | | boc | ¢ R = Readable bit
bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’

Value at POR reset
Unknown at POR reset

-n
-X

bit 7: IRP: The IRP bit is reserved on the PIC16CE62X, always maintain this bit clear.
bit 6:5 RP<1:0>: Register Bank Select bits (used for direct addressing)

Each bank is 128 bytes. The RP1 bit is reserved, always maintain this bit clear.

1 = After power-up, CLRWDT instruction, or SLEEP instruction

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1:  DC: Digit carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions) (for borrow the polarity is reversed)
1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result

bit 0:  C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)
1 = A carry-out from the most significant bit of the result occurred
0 = No carry-out from the most significant bit of the result occurred
Note: For borrow the polarity is reversed. A subtraction is executed by adding the two’s complement of the
second operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high or low order bit of

© 1998-2013 Microchip Technology Inc.
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4222  OPTION REGISTER Note: To achieve a 1:1 prescaler assignment for
The OPTION register is a readable and writable -(I—FI,\g;O: ;a)s, sign the prescaler to the WDT

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.

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 | Pst PSO R = Readable bit
bit7 pito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset
-x = Unknown at POR reset
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 Timer0 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

DS40182D-page 16
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4223

INTCON REGISTER

The INTCON register is a readable and writable
register which contains the various enable and flag bits
for all interrupt sources except the comparator module.
See Section4.2.2.4 and Section4.225 for a
description of the comparator enable and flag bits.

Note: Interrupt flag bits get set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>).

REGISTER 4-3: INTCON REGISTER (ADDRESS 0BH OR 8BH)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x
| ae | Peie | Toe [ INTE | RBIE | ToF | INTF | RBIF | [R = Readable bit
bit7 pito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset
-x = Unknown at POR reset
bit 7: GIE: Global Interrupt Enable bit
1 = Enables all un-masked interrupts
0 = Disables all interrupts
bit 6: PEIE: Peripheral Interrupt Enable bit
1 = Enables all un-masked peripheral interrupts
0 = Disables all peripheral interrupts
bit 5: TOIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt
bit 4: INTE: RBO/INT External Interrupt Enable bit
1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt
bit 3:  RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt
bit 2:  TOIF: TMRO Overflow Interrupt Flag bit
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1:  INTF: RBO/INT External Interrupt Flag bit
1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur
bit 0:  RBIF: RB Port Change Interrupt Flag bit

1 = When at least one of the RB<7:4> pins changed state (must be cleared in software)

0 = None of the RB<7:4> pins have changed state

© 1998-2013 Microchip Technology Inc.
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4224 PIE1 REGISTER

This register contains the individual enable bit for the
comparator interrupt.

REGISTER 4-4: PIE1 REGISTER (ADDRESS 8CH)

U-0 R/W-0 U-0 U-0 U-0 U-0 U-0 U-0
| — Jeme | — [ = [ = 1 = 1 = — R = Readable bit
bit7 pito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset
-x = Unknown at POR reset
bit 7: Unimplemented: Read as '0'
bit 6: CMIE: Comparator Interrupt Enable bit
1 = Enables the Comparator interrupt
0 = Disables the Comparator interrupt
bit 5-0: Unimplemented: Read as '0'
4225 PIR1 REGISTER
This register contains the individual flag bit for the com-
parator interrupt.
Note: Interrupt flag bits get set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User
software should ensure the appropriate
interrupt flag bits are clear prior to enabling
an interrupt.
REGISTER 4-5: PIR1 REGISTER (ADDRESS 0CH)
U-0 R/W-0 U-0 U-0 U-0 U-0 U-0 U-0
| — Jemr [ — | = | — | — | — — R = Readable bit
bit7 pito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset
-x = Unknown at POR reset

bit 7: Unimplemented: Read as '0'

bit 6: CMIF: Comparator Interrupt Flag bit
1 = Comparator input has changed
0 = Comparator input has not changed

bit 5-0: Unimplemented: Read as '0'

DS40182D-page 18 © 1998-2013 Microchip Technology Inc.
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FIGURE 5-3: BLOCK DIAGRAM OF RA3 PIN
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FIGURE 5-4: BLOCK DIAGRAM OF RA4 PIN
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RA4 Pin
" | HE
TRISAL g ck™Q
TRIS Latch Vss
q .
Schmitt Trigger
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EN
RD PORTA
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5.2 PORTB and TRISB Registers

PORTB is an 8-bit wide, bi-directional port. The
corresponding data direction register is TRISB. A '1"in
the TRISB register puts the corresponding output driver
in a high impedance mode. A '0' in the TRISB register
puts the contents of the output latch on the selected
pin(s).

Reading PORTB register reads the status of the pins,
whereas writing to it will write to the port latch. All write
operations are read-modify-write operations. So a write
to a port implies that the port pins are first read, then
this value is modified and written to the port data latch.

Each of the PORTB pins has a weak internal pull-up
(200 pA typical). A single control bit can turn on all the
pull-ups. This is done by clearing the RBPU
(OPTION<7>) bit. The weak pull-up is automatically
turned off when the port pin is configured as an output.
The pull-ups are disabled on Power-on Reset.

Four of PORTB’s pins, RB<7:4>, have an interrupt on
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB<7:4> pin con-
figured as an output is excluded from the interrupt on
change comparison). The input pins of RB<7:4> are
compared with the old value latched on the last read of
PORTB. The “mismatch” outputs of RB<7:4> are
OR’ed together to generate the RBIF interrupt (flag
latched in INTCON<0>).

FIGURE 5-5: BLOCK DIAGRAM OF

RB<7:4> PINS
VoD
rBPU(
—{ rdF
bty VO pi
- In
Data Bus Data Latch pull-up p
D Q
WR PORTB Cﬂ_
TRIS Latch
D Q
WR TRISB(M e TTL
E cK Input :7 :j7
Buffer [sT
p > Buffer
RD TRISB Latch
pd Q D
RD PORTB EN
Sj%(%%
From other @
RB<7:4> pins Q D
EN
RD Port
RB<7:6> in serial programming mode
Note 1: TRISB = 1 enables weak pull-up if RBPU = '0'
(OPTION<7>).

This interrupt can wake the device from SLEEP. The
user, in the interrupt service routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

This interrupt on mismatch feature, together with
software configurable pull-ups on these four pins allow
easy interface to a key pad and make it possible for
wake-up on key-depression. (See AN552, “Implement-
ing Wake-Up on Key Strokes”.)

Note: If a change on the I/O pin should occur
when the read operation is being executed
(start of the Q2 cycle), then the RBIF inter-
rupt flag may not get set.

The interrupt on change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt on change
feature. Polling of PORTB is not recommended while
using the interrupt on change feature.

FIGURE 5-6: BLOCK DIAGRAM OF

RB<3:0> PINS
Voo
RBPU("
— XF
weak .
Data Bus Data Latch pull-up 1/0 pin
D Q
WR PORTB E CKX
D
Q TTL 7
(1) Input
WR Mﬂg Buffer

RD TRISB
1 Q D —

RD PORTB EN 2&
RBO/INT <1

ST |
Buffer RD Port

Note 1: TRISB = 1 enables weak pull-up if RBPU ='0'
(OPTION<7>).
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FIGURE 6-7: CURRENT ADDRESS READ
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FIGURE 6-8: RANDOM READ
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FIGURE 6-9: SEQUENTIAL READ
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FIGURE 7-3: TIMERO TIMING: INTERNAL CLOCK/PRESCALE 1:2

PPC Q1| @2|a3|Q4, 1| Q2|3 Q4: Q1| Q2| Q3| Q4 Q1| Q2| Q3| @4, Q1| Q2| Q3| Q4 ,Q1| Q2| Q3| Q4; Q1| Q2| Q3| Q4. Q1| Q2|Q3| 4,
rogram \ . \ . . . . .
&:ougter) ( PC1 ¥ PC X PC+l X PC+2 X PC+3 X PC+4 ¥ PC+5 X PC+6 )
IIQSUHCtion ' ' MOVWF TMRO ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' '
etc l l l l Z Z Z Z Z
TMRO . To N Tod X : NTO : D Vi T
Instruction | : b : X . : : :
Execute . X . Write TMRO | Read TMRO. Read TMRO | Read TMRO | Read TMRO . Read TMRO .

executed reads NTO reads NTO reads NTO reads NTO reads NTO + 1

FIGURE 7-4: TIMERO INTERRUPT TIMING

Q1| a2 @3] a4; o1 2| @3] a4 Q1| @2| 3| @4 Q1| 02| @3| a4 o1 | @2| @3 | Q4 ;

0sci . . . . . .
cout® /TN N
TMRO timer . FEh )I( " FFh X " ooh X "~ oin X " oon X :
TOIF bit I vo / 1® I I I I
(INTCON<2>) « ; - - ' '
GIEDL 7o) : — i 2 2 l
</>): ! ' ' ' ' |

' : ' +Interrupt Latency Time ' '
INSTRUCTION FLOW -~ . : > |
PC { PC 4 PC +1 X PC +1 X 0004h X 0005h '
Instructi | | 1 1 1 l
fotoheg ©™ 1 Inst (PO) | Inst(PC+1) | . Inst(0004h) . Inst (0005h) .
gw)(se}(r:ﬂct:ggn ][ Inst (PC-1) 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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10.5 Interrupts

The PIC16CE62X 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.
Once in the interrupt service routine, the source(s) of

FIGURE 10-15: INTERRUPT LOGIC

the interrupt can be determined by polling the interrupt
flag bits. The interrupt flag bit(s) must be cleared in soft-
ware 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 on when the interrupt event occurs
(Figure 10-16). 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 poll-
ing 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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Dmupt
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11.1 Instruction Descriptions

ADDLW Add Literal and W ANDLW AND Literal with W
Syntax: [ labell ADDLW  k Syntax: [ labell] ANDLW Kk
Operands: 0<k<255 Operands: 0<k<255
Operation: (W) + k —> (W) Operation: (W) .AND. (k) - (W)
Status Affected: C, DC, Z Status Affected: Z
Encoding: ‘ 11 | 111x ‘ kkkk | kkkk ‘ Encoding: ‘ 11 | 1001 ‘ kkkk | kkkk ‘
Description: The contents of the W register are Description: The contents of W register are
added to the eight bit literal 'k’ and the AND’ed with the eight bit literal 'k'. The
result is placed in the W register. result is placed in the W register.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Example ADDLW  0x15 Example ANDLW  OxSF
Before Instruction Before Instruction
W = 0x10 W = OxA3
After Instruction After Instruction
W = 0x25 W = 0x03
ADDWF Add W and f ANDWF AND W with f
Syntax: [ label] ADDWF f,d Syntax: [ label] ANDWF f,d
Operands: 0<f<127 Operands: 0<f<127
d e [0,1] d e [0,1]
Operation: (W) + (f) > (dest) Operation: (W) .AND. (f) — (dest)
Status Affected: C, DC, Z Status Affected: Z
Encoding: ‘ 00 | 0111 ‘ dfff | ffff ‘ Encoding: ‘ 00 | 0101 ‘ dfff | fEff ‘
Description: Add the contents of the W register Description: AND the W register with register 'f'. If
with register 'f'. If 'd' is 0, the result is 'd" is 0, the result is stored in the W
stored in the W register. If 'd' is 1, the register. If 'd" is 1, the result is stored
result is stored back in register 'f'. back in register 'f'.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Example ADDWF  FSR, O Example ANDWF  FSR, 1
Before Instruction Before Instruction
W = 0x17 W = 0x17
FSR=  0xC2 FSR=  0xC2
After Instruction After Instruction
W = 0xD9 W = 0x17
FSR=  0xC2 FSR=  0x02
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GOTO Unconditional Branch INCFSZ Increment f, Skip if 0
Syntax: [ label] GOTO k Syntax: [ label] INCFSZ fd
Operands: 0<k<2047 Operands: 0<f<127
Operation: k - PC<10:0> de[01]
PCLATH<4:3> —» PC<12:11> Operation: (f) + 1 — (dest), skip if result =0
Status Affected:  None Status Affected:  None
Encoding: ‘ 10 | 1kkk ‘ kkkk | kkkk ‘ Encoding: ‘ 00 | 1111 ‘ dfff | fEfE ‘
Description: GOTO is an unconditional branch. The Description: The contents of register 'f' are
eleven bit immediate value is loaded incremented. If 'd' is 0, the result is
into PC bits <10:0>. The upper bits of placed in the W register. If 'd" is 1, the
PC are loaded from PCLATH<4:3>. result is placed back in register 'f'.
GOTO is a two-cycle instruction. If the result is 0, the next instruction,
Words: 1 which is already fetched, is discarded.
A NOP is executed instead making it a
Cycles: 2 two-cycle instruction.
Example GOTO THERE Words: 1
After Instruction Cycles: 1(2)
PC = Address THERE
Example HERE INCFSZ CNT, 1
GOTO LOOP
CONTINUE e
L]
L]
Before Instruction
PC =  address HERE
After Instruction
CNT = CNT+1
if CNT= 0,
PC = address CONTINUE
if CNT= 0,
PC = address HERE +1
INCF Increment f
Syntax: [ label] INCF f.d IORLW Inclusive OR Literal with W
Operands: 0<f<127 Syntax: [ label] IORLW k
de[01] Operands: 0<k<255
Operation: (f) + 1 — (dest) Operation: (W) .OR. k — (W)
Status Affected:  Z Status Affected: Z
Encoding: ‘ 00 | 1010 ‘ Afff | FEEE ‘ Encoding: ‘ 11 | 1000 ‘ Kkkk | kkkk ‘
Description: The contents of register 'f' are Description: The contents of the W register are
incremented. If 'd'is 0, the result is OR'ed with the eight bit literal 'k'. The
placed in the W register. If 'd"is 1, the result is placed in the W register.
result is placed back in register 'f'.
Words: 1
Words: 1
Cycles: 1
Cycles: 1
Example IORLW  0x35
Example INCF CNT, 1

Before Instruction

CNT = OxFF

Z = 0
After Instruction

CNT = 0x00

Z = 1

Before Instruction

W = 0x9A
After Instruction

W = OxBF

Z = 1
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MPLIB is a librarian for pre-compiled code to be used
with MPLINK. When a routine from a library is called
from another source file, only the modules that contains
that routine will be linked in with the application. This
allows large libraries to be used efficiently in many dif-
ferent applications. MPLIB manages the creation and
modification of library files.

MPLINK features include:

* MPLINK works with MPASM and MPLAB-C17
and MPLAB-C18.

¢ MPLINK allows all memory areas to be defined as
sections to provide link-time flexibility.

MPLIB features include:

* MPLIB makes linking easier because single librar-
ies can be included instead of many smaller files.

* MPLIB helps keep code maintainable by grouping
related modules together.

e MPLIB commands allow libraries to be created
and modules to be added, listed, replaced,
deleted, or extracted.

12.5 MPLAB-SIM Software Simulator

The MPLAB-SIM Software Simulator allows code
development in a PC host environment by simulating
the PIC series microcontrollers on an instruction level.
On any given instruction, the data areas can be exam-
ined or modified and stimuli can be applied from a file
or user-defined key press to any of the pins. The exe-
cution can be performed in single step, execute until
break, or trace mode.

MPLAB-SIM fully supports symbolic debugging using
MPLAB-C17 and MPLAB-C18 and MPASM. The Soft-
ware Simulator offers the flexibility to develop and
debug code outside of the laboratory environment mak-
ing it an excellent multi-project software development
tool.

12.6 MPLAB-ICE High Performance
Universal In-Circuit Emulator with
MPLAB IDE

The MPLAB-ICE Universal In-Circuit Emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for PIC
microcontrollers (MCUs). Software control of MPLAB-
ICE is provided by the MPLAB Integrated Development
Environment (IDE), which allows editing, “make” and
download, and source debugging from a single envi-
ronment.

Interchangeable processor modules allow the system
to be easily reconfigured for emulation of different pro-
cessors. The universal architecture of the MPLAB-ICE
allows expansion to support new PIC microcontrollers.

The MPLAB-ICE Emulator System has been designed
as a real-time emulation system with advanced fea-
tures that are generally found on more expensive devel-

opment tools. The PC platform and Microsoft® Windows
3.x/95/98 environment were chosen to best make these
features available to you, the end user.

MPLAB-ICE 2000 is a full-featured emulator system
with enhanced trace, trigger, and data monitoring fea-
tures. Both systems use the same processor modules
and will operate across the full operating speed range
of the PIC MCU.

12.7 PICMASTER/PICMASTER CE

The PICMASTER system from Microchip Technology is
a full-featured, professional quality emulator system.
This flexible in-circuit emulator provides a high-quality,
universal platform for emulating Microchip 8-bit PIC
microcontrollers (MCUs). PICMASTER systems are
sold worldwide, with a CE compliant model available for
European Union (EU) countries.

12.8 ICEPIC

ICEPIC is a low-cost in-circuit emulation solution for the
Microchip Technology PIC16C5X, PIC16C6X,
PIC16C7X, and PIC16CXXX families of 8-bit one-time-
programmable (OTP) microcontrollers. The modular
system can support different subsets of PIC16C5X or
PIC16CXXX products through the use of
interchangeable personality modules or daughter
boards. The emulator is capable of emulating without
target application circuitry being present.

12.9 MPLAB-ICD In-Circuit Debugger

Microchip's In-Circuit Debugger, MPLAB-ICD, is a pow-
erful, low-cost run-time development tool. This tool is
based on the flash PIC16F877 and can be used to
develop for this and other PIC microcontrollers from the
PIC16CXXX family. MPLAB-ICD utilizes the In-Circuit
Debugging capability built into the PIC16F87X. This
feature, along with Microchip's In-Circuit Serial Pro-
gramming protocol, offers cost-effective in-circuit flash
programming and debugging from the graphical user
interface of the MPLAB Integrated Development Envi-
ronment. This enables a designer to develop and
debug source code by watching variables, single-step-
ping and setting break points. Running at full speed
enables testing hardware in real-time. The MPLAB-ICD
is also a programmer for the flash PIC16F87X family.

12.10 PRO MATE Il Universal Programmer

The PRO MATE Il Universal Programmer is a full-fea-
tured programmer capable of operating in stand-alone
mode as well as PC-hosted mode. PRO MATE Il is CE
compliant.

The PRO MATE Il has programmable VDD and VPP
supplies which allows it to verify programmed memory
at VDD min and VDD max for maximum reliability. It has
an LCD display for instructions and error messages,
keys to enter commands and a modular detachable
socket assembly to support various package types. In
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13.1 DC CHARACTERISTICS: PIC16CE62X-04 (Commercial, Industrial, Extended)
PIC16CE62X-20 (Commercial, Industrial, Extended)

'Standard Operating Conditions (unless otherwise stated)
Operating temperature —40°C < TA < +85°C for industrial and

DC CHARACTERISTICS 0°C < TA <+70°C for commercial and

—40°C < TA < +125°C for extended

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

D001 | VDD Supply Voltage 3.0 - 5.5 V | See Figure 13-1 through Figure 13-3

D002 |VDR RAM Data Retention - 1.5% - V | Device in SLEEP mode
Voltage (Note 1)

D003 |VPOR VDD start voltage to - Vss - V | See section on power-on reset for details
ensure Power-on Reset

D004 | SvbD VDD rise rate to ensure 0.05* | - — | V/ms | See section on power-on reset for details
Power-on Reset

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

D010 |IbD Supply Current (Note 2, 4) - 1.2 | 2.0 | mA |Fosc =4 MHz, Vbb = 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 | 20 | mA |Fosc =10 MHz, Vbp = 3.0V, WDT disabled,
HS osc mode, (Note 6)

- 4.0 | 6.0 | mA |Fosc =20 MHz, VbD = 4.5V, WDT disabled,
HS osc mode

— 40 | 7.0 | mA |[Fosc =20 MHz, Vbp = 5.5V, WDT disabled*,
HS osc mode

- 35 70 uA | Fosc = 32 kHz, VDD = 3.0V, WDT disabled,
LP osc mode

D020 |IPD Power Down Current (Note 3) - - 2.2 pA | VDD = 3.0V
- - 5.0 | pA | VDD =4.5V*
- - 9.0 | pA |VDD=5.5V
- - 15 pA | VDD = 5.5V Extended

D022 | AlwDT WDT Current (Note 5) - 6.0 10 pA | VDD = 4.0V
12 pA | (125°C)
DO022A | AlBOR Brown-out Reset Current (Note 5) - 75 | 125 | pA |BOD enabled, VbD = 5.0V
D023 | Alcomp Comparator Current for each - 30 60 pA | VDD = 4.0V
Comparator (Note 5)
DO023A | AlVREF VREF Current (Note 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 | Vcec = 3.0V, EE VbD = Vce
AlEE Standby Current - 100 | pA |Vcc =3.0V, EE VbD = Vce

1A Fosc LP Oscillator Operating Frequency
RC Oscillator Operating Frequency
XT Oscillator Operating Frequency
HS Oscillator Operating Frequency

- 200 | kHz [ All temperatures
- 4 MHz | All temperatures
- 4 MHz | All temperatures
— 20 | MHz | All temperatures

[l eoNeNe]

These parameters are characterized but not tested.

i Data in "Typ" column is at 5.0V, 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 in SLEEP mode without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as 1/O pin loading and
switching rate, oscillator type, internal code execution pattern, and temperature also have an impact on the current con-
sumption.

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 = VDD; WDT enabled/disabled as specified.

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

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be estimated by the for-
mula 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 13-7: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING
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TABLE 13-5: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER REQUIREMENTS

Parameter Sym | Characteristic Min Typt Max | Units Conditions
No.
30 TmcL | MCLR Pulse Width (low) 2000 — — ns |[-40°to +85°C
31 Twdt | Watchdog Timer Time-out Period 7* 18 33* ms | VDD = 5.0V, -40° to +85°C
(No Prescaler)

32 Tost | Oscillation Start-up Timer Period — 1024 Tosc — — | Tosc = OSCH1 period
33 Tpwrt | Power-up Timer Period 28* 72 132* ms | VDD = 5.0V, -40° to +85°C
34 Tioz | 1/O hi-impedance from MCLR low — 2.0 us
35 TBOR | Brown-out Reset Pulse Width 100* — — us [3.7V<VDD<4.3V

* These parameters are characterized but not tested.

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

not tested.
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NOTES:
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

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

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

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

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

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

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.
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