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PIC12C67X

3.0 ARCHITECTURAL OVERVIEW

The high performance of the PIC12C67X family can be
attributed to a number of architectural features com-
monly found in RISC microprocessors. To begin with,
the PIC12C67X uses a Harvard architecture, in which
program and data are accessed from separate memo-
ries using separate buses. This improves bandwidth
over traditional von Neumann architecture in which pro-
gram and data are fetched from the same memory
using the same bus. Separating program and data
buses also allow instructions to be sized differently than
the 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 instruction
cycle. A two-stage pipeline overlaps fetch and execu-
tion of instructions (Example 3-1). 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 PIC12C67X device.

. Program | RAM Data EEPROM
Device Data
Memory Memory
Memory

PIC12C671 1K x 14 128 x 8 —
PIC12C672 2K x 14 128 x 8 —
PIC12CE673 1K x 14 128 x 8 16x8
PIC12CE674 2K x 14 128 x 8 16x8

The PIC12C67X can directly or indirectly address its
register files or data memory. All special function regis-
ters, including the program counter, are mapped in the
data memory. The PIC12C67X 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 programming with the
PIC12C67X simple yet efficient. In addition, the learn-
ing curve is reduced significantly.

PIC12C67X devices contain an 8-bit ALU and working
register. The ALU is a general purpose arithmetic unit.
It performs arithmetic and Boolean functions between
the data in the working register and any register file.

The ALU is 8-bits wide and capable of addition, sub-
traction, shift and logical operations. Unless otherwise
mentioned, arithmetic operations are two's comple-
ment 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 con-
stant. 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 bit and a digit borrow out bit,
respectively, in subtraction. See the SUBLW and SUBWF
instructions for examples.
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4223 INTCON REGISTER 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>).

The INTCON Register is a readable and writable regis-
ter, which contains various enable and flag bits for the
TMRO Register overflow, GPIO port change and exter-
nal GP2/INT pin interrupts.

REGISTER 4-3: INTCON REGISTER (ADDRESS 0Bh, 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

| gl | Peie [ ToE | INTE | GPIE | ToIF | INTFE | GPIF | |R = Readable bit
bit7 pito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value 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: INT External Interrupt Enable bit
1 = Enables the external interrupt on GP2/INT/TOCKI/AN2 pin
0 = Disables the external interrupt on GP2/INT/TOCKI/AN2 pin

bit 3: GPIE: GPIO Interrupt on Change Enable bit
1 = Enables the GPIO Interrupt on Change
0 = Disables the GPIO Interrupt on Change

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: INT External Interrupt Flag bit
1 = The external interrupt on GP2/INT/TOCKI/AN2 pin occurred (must be cleared in software)
0 = The external interrupt on GP2/INT/TOCKI/AN2 pin did not occur

bit O: GPIF: GPIO Interrupt on Change Flag bit
1 = GPO, GP1 or GP3 pins changed state (must be cleared in software)
0 = Neither GPO, GP1 nor GP3 pins have changed state

© 1997-2013 Microchip Technology Inc. DS30561C-page 17
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4224 PIE1 REGISTER

This register contains the individual enable bits for the Note: Bit PEIE (INTCON<6>) must be set to
Peripheral interrupts. enable any peripheral 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
| — J e | — | — | = | = = = R = Readable bit
bit7 pito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset

bit 7: Unimplemented: Read as '0'

bit 6: ADIE: A/D Converter Interrupt Enable bit
1 = Enables the A/D interrupt
0 = Disables the A/D interrupt

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

DS30561C-page 18
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4.2.2.6 PCON REGISTER

The Power Control (PCON) Register contains a flag bit
to allow differentiation between a Power-on Reset
(POR), an external MCLR Reset and a WDT Reset.

REGISTER 4-6: PCON REGISTER (ADDRESS 8Eh)

bit 7-2: Unimplemented: Read as '0'

bit 1: POR: Power-on Reset Status bit
1 = No Power-on Reset occurred

bit O: Unimplemented: Read as '0'

U-0 U-0 U-0 U-0 U-0 U-0 R/W-0 U-0
| — | — | = ] = 1 = 1 — ] ronr — R = Readable bit
bit7 pito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset

0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

DS30561C-page 20
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4.5 Indirect Addressing, INDF and FSR EXAMPLE 4-1: INDIRECT ADDRESSING
EiQSH§I§[§ movlw 0x20 ;initialize pointer

The INDF Register is not a physical register. Address- movwf  FSR ito RAM

ing the INDF Register will cause indirect addressing. NEXT clrf  INDF  ;clear INDF register

incf FSR,F ;inc pointer

Any instruction using the INDF register actually btfss FSR,4 ;all done?

accesses the register pointed to by the File Select Reg- goto  NEXT ;no clear next
ister, FSR. Reading the INDF Register itself indirectly CONTINUE
(FSR ="0") will read 00h. Writing to the INDF Register : ;yes continue

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 4-4. However, IRP is
not used in the PIC12C67X.

A simple program to clear RAM locations 20h-2Fh
using indirect addressing is shown in Example 4-1.

FIGURE 4-4: DIRECT/INDIRECT ADDRESSING

Direct Addressing Indirect Addressing
RP1 RPOM 6 from opcode 0 IRPM 7 FSR register 0
. v J . v N v J
bank select location select bank select location select
- > 00 01 10 11 </
00h 180h
not used
Data
Memory
7Fh 1FFh
Bank 0 Bank1 Bank2 Bank3
For register file map detail see Figure 4-2.
Note 1: The RP1 and IRP bits are reserved; always maintain these bits clear.

© 1997-2013 Microchip Technology Inc. DS30561C-page 23
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5.0 1/0 PORT

As with any other register, the I/O register can be
written and read under program control. However, read
instructions (i.e., MOVF GPIO, W) always read the 1/O
pins independent of the pin’s input/output modes. On
RESET, all I/O ports are defined as input (inputs are at
hi-impedance), since the 1/O control registers are all
set.

5.1 GPIO

GPIO is an 8-bit I/O register. Only the low order 6 bits
are used (GP<5:0>). Bits 6 and 7 (SDA and SCL,
respectively) are used by the EEPROM peripheral on
the PIC12CE673/674. Refer to Section 6.0 and
Appendix B for use of SDA and SCL. Please note that
GP3 is an input only pin. The configuration word can
set several I/O’s to alternate functions. When acting as
alternate functions, the pins will read as ‘0’ during port
read. Pins GP0O, GP1 and GP3 can be configured with
weak pull-ups and also with interrupt-on-change. The
interrupt on change and weak pull-up functions are not
pin selectable. If pin 4, (GP3), is configured as MCLR,
a weak pull-up is always on. Interrupt-on-change for
this pin is not set and GP3 will read as '0". Interrupt-on-
change is enabled by setting bit GPIE, INTCON<3>.
Note that external oscillator use overrides the GPIO
functions on GP4 and GP5.

5.2 TRIS Register

This register controls the data direction for GPIO. A '1'
from a TRIS Register bit puts the corresponding output
driver in a hi-impedance mode. A '0' puts the contents
of the output data latch on the selected pins, enabling
the output buffer. The exceptions are GP3, which is
input only and its TRIS bit will always read as '1', while
GP6 and GP7 TRIS bits will read as ’0’.

5.3 I/O Interfacing

The equivalent circuit for an 1/O port pin is shown in
Figure 5-1 through Figure 5-5. All port pins, except
GP83, which is input only, may be used for both input
and output operations. For input operations, these
ports are non-latching. Any input must be present until
read by an input instruction (i.e., MOVF GPIO,W). The
outputs are latched and remain unchanged until the
output latch is rewritten. To use a port pin as output,
the corresponding direction control bit in TRIS must be
cleared (= 0). For use as an input, the corresponding
TRIS bit must be set. Any I/O pin (except GP3) can be
programmed individually as input or output.

Port pins GP6 (SDA) and GP7 (SCL) are used for the
serial EEPROM interface on the PIC12CEG673/674.
These port pins are not available externally on the
package. Users should avoid writing to pins GP6
(SDA) and GP7 (SCL) when not communicating with
the serial EEPROM memory. Please see Section 6.0,
EEPROM Peripheral Operation, for information on
serial EEPROM communication.

Note: On a Power-on Reset, GP0O, GP1, GP2
and GP4 are configured as analog inputs
and read as '0".

Note: A read of the ports reads the pins, not the
output data latches. That is, if an output
driver on a pin is enabled and driven high,
but the external system is holding it low, a
read of the port will indicate that the pin is
low.

Upon reset, the TRIS Register is all '1's, making all
pins inputs.

TRIS for pins GP4 and GP5 is forced to a 1’ where
appropriate. Writes to TRIS <5:4> will have an effect
in EXTRC and INTRC oscillator modes only. When
GP4 is configured as CLKOUT, changes to TRIS<4>
will have no effect.

© 1997-2013 Microchip Technology Inc.
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FIGURE 5-2: BLOCK DIAGRAM OF GP2/TOCKI/AN2/INT PIN
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FIGURE 5-3: BLOCK DIAGRAM OF GP3/MCLR/VprP PIN
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Note 1: Wake-up on pin change interrupt for GP3.
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FIGURE 5-5: BLOCK DIAGRAM OF GP5/0SC1/CLKIN PIN
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7.3.1 SWITCHING PRESCALER ASSIGNMENT

The prescaler assignment is fully under software con-
trol, (i.e., it can be changed “on-the-fly” during program
execution).

To change prescaler from the WDT to the TimerO mod-
ule, use the sequence shown in Example 7-2.
EXAMPLE 7-2: CHANGING PRESCALER
(WDT—TIMERO)

Note: To avoid an unintended device RESET, the
. h ; o CLRWDT ;Clear WDT and
following instruction sequence (shown in - prescaler
Example 7-1) must be executed when BSF STATUS. RPO ',Bank 1
changing the prescaler assignment from MOVLW b'xxxx0xxx' ;Select TMRO, new
Timer0 to the WDT. This sequence must ;prescale value and
be followed even if the WDT is disabled. MOVWF OPTION REG ;clock source
BCF STATUS, RPO ;Bank 0
EXAMPLE 7-1: CHANGING PRESCALER
(TIMERO—WDT)
BCF STATUS, RPO ;Bank 0
CLRF TMRO ;Clear TMRO & Prescaler
BSF STATUS, RPO ;Bank 1
CLRWDT ;Clears WDT
MOVLW Db'xxxxlxxxX' ;Select new prescale
MOVWF OPTION REG ;value & WDT
BCF STATUS, RPO ;Bank 0
TABLE 7-1: REGISTERS ASSOCIATED WITH TIMERO
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
01h TMRO Timer0 module’s register XXXX XXXX | uuuu uuuu
0Bh/8Bh | INTCON | GIE PEIE TOIE INTE GPIE TOIF INTF GPIF | 0000 000x | 0000 000u
81h OPTION | GPPU | INTEDG TOCS TOSE PSA PS2 PS1 PSO |1111 1111 | 1111 1111
85h TRIS — — TRIS5 TRIS4 | TRIS3 | TRIS2 | TRIS1 | TRISO | --11 1111 | --11 1111
Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by Timer0.

© 1997-2013 Microchip Technology Inc.
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NOTES:
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IORWF Inclusive OR W with f MOVF Move f

Syntax: [ label] IORWF fd Syntax: [ label] MOVF fd

Operands: 0<f<127 Operands: 0<f<127
d € [0,1] d e [0,1]

Operation: (W) .OR. (f) > (dest) Operation: (f) — (dest)

Status Affected: Z Status Affected: Z

Encoding: ‘ 00 | 0100 ‘ dfff | fEEE Encoding: ‘ 00 | 1000 ‘ dfff | fEEE ‘

Description: Inclusive OR the W register with Description: The contents of register f are
register 'f'. If 'd' is 0, the result is moved to a destination dependant
placed in the W register. If 'd"is 1, upon the status of d. If d = 0, des-
the result is placed back in regis- tination is W register. If d = 1, the
ter 'f'. destination is file register f itself.

. d =1 is useful to test a file register
Words: 1 since status flag Z is affected.
Cycles: 1 Words: 1
Example IORWF RESULT, 0 Cycles: 1

Before Instruction
RESULT =  0xi3 Example MOVF FSR, 0O
w = 0x91 After Instruction
After Instruction W = value in FSR register
RESULT = 0x13 Z =1
w = 0x93
V4 = 1
MOVWF Move W to f
MOVLW Move Literal to W Syntax: [ label] MOVWF  f
Syntax: [ label] MOVLW k Operands: 0<f<127
Operands: 0<k<255 Operation: (W) - (f)
Operation: k— (W) Status Affected:  None
Status Affected:  None Encoding: ‘ 00 | 0000 ‘ 1FfE | FEEE ‘
Encoding: ‘ 1 | 00xx ‘ kkkk | kkkk Description: Move data from W register to reg-
Description: The eight bit literal 'k' is loaded ister 'f'.
into W register. The don’t cares Words: 1
will assemble as 0's. ’
Words: 1 Cycles: 1
Cycles: 1 Example MOVWE OPTION
Before Instruction
Example MOVLW  0x5a OPTION =  OxFF
After Instruction W = Ox4F
W = Ox5A After Instruction
OPTION =  Ox4F
w = Ox4F

© 1997-2013 Microchip Technology Inc.
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and test the sample code. In addition, PICDEM-17 sup-
ports down-loading of programs to and executing out of
external FLASH memory on board. The PICDEM-17 is
also usable with the MPLAB-ICE or PICMASTER emu-
lator, and all of the sample programs can be run and
modified using either emulator. Additionally, a gener-
ous prototype area is available for user hardware.

11.17 SEEVAL Evaluation and Programming
System

The SEEVAL SEEPROM Designer’s Kit supports all
Microchip 2-wire and 3-wire Serial EEPROMs. The kit
includes everything necessary to read, write, erase or
program special features of any Microchip SEEPROM
product including Smart Serials™ and secure serials.
The Total Endurance™ Disk is included to aid in trade-
off analysis and reliability calculations. The total kit can
significantly reduce time-to-market and result in an
optimized system.

11.18 KEELoQ Evaluation and
Programming Tools

KEeELOQ evaluation and programming tools support
Microchips HCS Secure Data Products. The HCS eval-
uation kit includes an LCD display to show changing
codes, a decoder to decode transmissions, and a pro-
gramming interface to program test transmitters.

DS30561C-page 10-86
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123

DC CHARACTERISTICS: PIC12C671/672 (Commercial, Industrial, Extended)
PIC12CE673/674 (Commercial, Industrial, Extended)

DC CHARACTERISTICS

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

—40°C < TA < +85°C (industrial)

—40°C < TA < +125°C (extended)
Operating voltage VDD range as described in DC spec Section 12.1 and

Section 12.2.
Param Characteristic Sym Min Typt| Max |Units Conditions
No.
Input Low Voltage
1/0O ports ViL
D030 with TTL buffer Vss — 0.8V V |For 4.5V <VDD <5.5V
Vss — |0.15VDD| V |otherwise
D031 with Schmitt Trigger buffer Vss — | 0.2VDD Vv
D032 |MCLR, GP2/TOCKI/AN2/INT Vss — | 0.2VDD Vv
(in EXTRC mode)
D033 |OSCH1 (in EXTRC mode) Vss — | 0.2VDD Note 1
D033 |OSCH1 (in XT, HS, and LP) Vss — | 0.3VDD V  [Note 1
Input High Voltage
I/O ports VIH —
D040 with TTL buffer 2.0V — VDD V |45V <VDD <5.5V
DO040A 0.25VDD + 0.8V| — VDD V  |otherwise
D041 with Schmitt Trigger buffer 0.8VDD — VDD V  |For entire VDD range
D042 |MCLR, GP2/TOCKI/AN2/INT 0.8VDD — VDD \Y
D042A |OSC1 (XT, HS, and LP) 0.7VDD — VDD V  [Note 1
D043 |OSCH1 (in EXTRC mode) 0.9VDD — VDD \Y
Input Leakage Current (Notes 2, 3)
D060 |I/O ports liL — — +1 pA |Vss < VPIN < VDD, Pin at
hi-impedance
D061 |GP3/MCLR (Note 5) +30 pA |Vss < VPIN < VDD
DO061A |GP3 (Note 6) +5 pA |Vss < VPIN < VDD
D062 |GP2/TOCKI — — +5 pA |Vss < VPIN < VDD
D063 |OSC1 — — +5 pA |Vss <VPIN < VDD, XT, HS, and
LP osc configuration
D070 |GPIO weak pull-up current (Note 4) IPUR 50 250 400 pA |VDD =5V, VPIN = Vss
MCLR pull-up current — — — 30 pA |VDD =5V, VPIN = Vss
Output Low Voltage
D080 |I/O ports VoL — — 0.6 V |loL=8.5mA, VDD =4.5V,
—40°C to +85°C
DO080A — — 0.6 V |loL=7.0mA, VDD = 4.5V,
—40°C to +125°C
D083 |OSC2/CLKOUT — — 0.6 V |loL=1.6 mA, VDD = 4.5V,
—40°C to +85°C
DO083A — — 0.6 V |loL=1.2mA, VDD =4.5V,
—40°C to +125°C
1 Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note 1: In EXTRC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the PIC12C67X
be driven with external clock in RC mode.
2: The leakage current on the MCLR pin is strongly dependent on the 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.
4: Does not include GP3. For GP3 see parameters D061 and DO61A. L
5: This spec. applies to GP3/MCLR configured as external MCLR and GP3/MCLR configured as input with internal pull-up
enabled.
6: This spec. applies when GP3/MCLR is configured as an input with pull-up disabled. The leakage current of the MCLR circuit

is higher than the standard /O logic.
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12.6 Timing Diagrams and Specifications
FIGURE 12-5: EXTERNAL CLOCK TIMING
i Q4 i Q1 ' Q2

0OSC1

CLKOUT

TABLE 12-1: CLOCK TIMING REQUIREMENTS

Parameter| Sym |Characteristic Min | Typt Max | Units | Conditions
No.
Fosc | External CLKIN Frequency DC — 4 MHz | XT and EXTRC osc mode
(Note 1) DC| — 4 MHz | HS osc mode (PIC12CE67X-04)
DC — 10 MHz | HS osc mode (PIC12CE67X-10)
DC — 200 kHz |LP osc mode
Oscillator Frequency DC — 4 MHz | EXTRC osc mode
(Note 1) 455 — 4 MHz | XT osc mode
4 — 4 MHz | HS osc mode (PIC12CE67X-04)
4 — 10 MHz | HS osc mode (PIC12CE67X-10)
5 — 200 kHz |LP osc mode
1 Tosc | External CLKIN Period 250 — — ns | XT and EXTRC osc mode
(Note 1) 250 | — — ns |HS osc mode (PIC12CE67X-04)
100 — — ns |HS osc mode (PIC12CE67X-10)
5 — — us | LP osc mode
Oscillator Period 250 — — ns | EXTRC osc mode
(Note 1) 250 | — | 10,000 | ns |XT osc mode
250 — 250 ns |HS osc mode (PIC12CE67X-04)
100 — 250 ns |HS osc mode (PIC12CE67X-10)
5 — — us | LP osc mode
2 Tcy |Instruction Cycle Time (Note 1)| 400 — DC ns |Tcy =4/Fosc
3 TosL, | External Clock in (OSC1) High | 50 — — ns | XT oscillator
TosH | or Low Time 25| — — us | LP oscillator
10 — — ns | HS oscillator
4 TosR, | External Clock in (OSC1) Rise | — — 25 ns | XT oscillator
TosF | or Fall Time — — 50 ns | LP oscillator
— — 15 ns | HS oscillator

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: Instruction cycle period (TcY) equals four times the input oscillator time-base period. All specified values are based
on characterization data for that particular oscillator type under standard operating conditions with the device exe-
cuting code. Exceeding these specified limits may result in an unstable oscillator operation and/or higher than
expected current consumption. All devices are tested to operate at "min." values with an external clock applied to
the OSC1/CLKIN pin.

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. OSC2 is discon-
nected (has no loading) for the PIC12C67X.
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FIGURE 13-5: IoHvs. VOH,VDD =35V FIGURE 13-7: loLvs.VoL,VDD=2.5V
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FIGURE 13-11: ViL, VIH OF NMCLR AND TOCKI vs. VbD
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NOTES:
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip
product. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our
documentation can better serve you, please FAX your comments to the Technical Publications Manager at
(480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

TO:  Technical Publications Manager Total Pages Sent

RE: Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):
Would you like a reply? Y N

Device: PIC16xxxxxx family Literature Number: DS30561C

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4, What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Isthere any incorrect or misleading information (what and where)?

7. How would you improve this document?
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