MicRroCcHIP

PIC14000

28-Pin Programmable Mixed Signal Controller

High-Performance RISC CPU:

« Only 35 single word instructions to lzarn

« All single cycle instructions except for program
branches which are two cycle

« Operating speed: DC - 20 MHz clock input

« 4096 x 14 on-chip EPROM program memory

« 192 x 8 general purpose registers (SRAM)

« B internal and 5 external interrupt sources

« 38 special function hardware registers

« Eight-level hardware stack

Analog Peripherals Features:

+ Slope Analog-to-Digital (A/D) converter
= Eight external input channels including two
channels with selectable level shift inputs
- Six internal input channels
- 16-bit programmable timer with capture

register
- 16 ms maximum conversion time at maxi-
mum (16-bit) resolution and 4 MHz clock
- 4-bit programmable current source
Internal bandgap voltage reference
Factory calibrated with calibration constants
stored in EPROM
On=-chip temperature sensor
Voltage regulator control output
Two comparators with programmable references
On-chip low voltage detector

Special Microcontroller Features:

Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

Multi-=segment programmable code-protection
Selectable oscillator options

- Internal 4 MHz oscillator

- External crystal oscillator

Serial in-system programming (via two pins)

Pin Diagram
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Digital Peripherals Features:

+ 22 /O pins with individual direction control

= High current sink/source for direct LED drive

= TMRO: 8-bit timer/counter with 8-bit
programmable prescaler

= 1&-bit A/D timer: can be used as a general
purpose timer

= 12C™ serial port compatible with System
Management Bus

CMOS Technology:

- Low-power, high-speed CMOS EPROM technalogy

= Fully static design
« Wide-operating voltage range (2.7V to 6.0V)
« Commercial and Industrial Temperature Range
« Low power dissipation (typical)
= < 3 mA @5V, 4 MHz operating mode
- < 300 pA @3V (Sleep mode: clocks stopped
with analog circuits active)
- = 5 pA @3V (Hibernate mode: clocks
stopped, analog inactive, and WDT disabled)

Applications:

= Battery Chargers

« Battery Capacity Monitoring

« Uninterruptable Power Supply Controllers
« Power Management Controllers

« HVAC Controllers

« Sensing and Data Acquisition



1.0 GENERAL DESCRIPTION

The PIC14000 features include medium to high reso-
lution A/D conversion (10 to 16 bits), temperature sens-
ing, closed loop charge control, serial communication,
and low power operation.

The PIC14000 uses a RISC Harvard architecture CPU
with separate 14-bit instruction and 8-bit data buses. A
two-stage instruction pipeling allows all instructions to
execute in a single cycle, except for program branches,
which require two cycles. A total of 35 instructions are
available. Additionally, a large register set is included.

PIC16M17 microcontrollers typically achieve a 2:1 code
compression and a 4:1 speed improvement over ather
&-bit microcontrollers.

Features:
The PIC14000 is a 28-pin device with these features:

« 4K of EPROM
« 192 bytes of RAM
« 22 /0 pins

The analog peripherals include:

+ 8 external analog input channels, two with level
shift inputs

+ 6 internal analeg input channels

+ 2 comparators with programmable references

+ A bandgap reference

+ An internal temperature sensor

« A programmable current source

In addition, the I°C serial port through a multiplexer
supports two separate I°C channels.

A special oscillator option allows either an internal
4 MHz oscillator or an external crystal oscillator. Using
the internal 4 MHz oscillator requires no external come-
ponents.

The PIC14000 contains three timers, the Watchdog
Timer (WDT), Timerd (TMRO), and A/D Timer
(ADTMR). The Watchdog Timer includes its own
on-chip RC oscillator providing protection against
software lock-up. TMRO is a general purpose 8-bit
timer/counter with an 8-bit prescaler. It may be clocked
externally using the RC3TOCK! pin. The ADTMR is
intended for use with the slope A/D converter, but can
also be used as a general purpose timer. It has an
associated capture register which can be used to mea-
sure the time between events.

An intermal low-voltage detect circuit allows for tracking
of voltage levels. Upon detecting the low voltage con-
dition, the PIC14000 can be instructed to save its aper-
ating state then enter an idle state.

The internal band-gap reference is used for calibrating
the measurements of the analog peripherals. The
calibration factors are stored in EPROM and can be
used to achieve high measurement accuracy.

Power savings modes are available for portable appli-
cations. The SLEEP and HIBERNATE modes offer dif-
ferent levels of power savings. The PIC14000 can
wake up from these modes through interrupts or reset.

A UV erasable CERDIP packaged version is ideal for
code development, while the cost-effective One-Time
Programmable (OTP) version is suitable for production
in any volume.

The PIC14000 fits perfectly in applications for battery
charging, eapacity monitoring, and data logging. The
EPROM technology makes customization of
application programs (battery characteristics, feature
sets, etc.) extremely fast and convenient. The small
footprint packages make this microcontroller based
mixed signal device perfect for all applications with
space limitations. Low-cost, low-power, high perfor-
mance, ease of use and 1O flexibility make the
PIC14000 very versatile in other applications such as
temperature monitors/controllers.

1.1 Family and ard Compatibili

Code written for PIC16CEX/TX can be easily ported to
the PIC14000 (see Appendix A).

1.2 Development Support

The PIC14000 is supported by a full-featured macro
assembler, a software simulator, an in-circuit emulator,
a low-cost development programmer and a
full-featured programmer. A “C" compiler and fuzzy
logic support tools are also available.



2.0 DEVICEVARIETIES

A variety of frequency ranges and packaging options
are available. The PIC14000 Product Selection System
section at the end of this data sheet provides the
devices options to be selected for your specific applica-
tion and production requirements. When placing
orders, please use the “PIC14000 Product Identifica-
tion System” at the back of this data sheet to specify the
correct part number.

2.1 UV Erasable Devices

The UV erasable version, offered in CERDIP package,
is optimal for prototype development and pilot
programs.

The UV erasable wversion can be erased and
reprogrammed to any of the configuration modes.

Note: Please note that erasing the device will
also erase the pre-programmed calibration
factors. Please refer to ANG21 for more
information.

Microchip's  PICSTART®, PICSTART-PLUS and
PRO MATE" programmers all support programming of
the PIC14000. Third party programmers also are avail-
able; refer to the Microchip Third Party Guide for a list
of sources.

2.2 One-Time-Programmable (OTP
Devices

The availability of OTP devices is especially useful for
customers who need the flexibility for frequent code
updates or small volume applications.

The OTP devices, packaged in plastic packages permit
the user to program them once. In addition to the
program memory, the configuration bits must also be
programmed.

3.0 ARCHITECTURAL OVERVIEW

The PIC14000 addresses 4K x 14 program memory. All
program memory is internal. The PIC14000 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 PIC14000 has an
orthogonal 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
PIC14000 simple yet efficient. In addition, the learning
curve is reduced significantly.

The PIC14000 contains an 8-bit ALU and working
register. The ALU performs arithmetic and Boolean
functions between data in the working register and any
register file.

2.3 Quick-Turnaround-Production (QTP)
Devices

Microchip offers a QTP Programming Service for
factory production orders. This service is made
available for users who choose not to program a
medium to high guantity of units and whose code
patterns have stabilized. The devices are identical to
the OTP devices but with all EPROM locations and
fuse options already programmed by the factory.
Certain code and prototype verification procedures do
apply before production shipments are available.
Please contact your local Micrachip Technology sales
office for more details.

2.4 Serialized Quick-Turnaround

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

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

The ALU is capable of addition, subtraction, shift, and
logical operations.  Unless otherwise mentioned,
arithmetic operations are two's complement. 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.

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 SURLW and SUBWE
instructions for examples.

A simplified block diagram for the PIC14000 is shown
in Figure 3-1, its corresponding pin description is
shown in Table 3-1.



FIGURE 3-1:
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TABLE 3-1: PIN DESCRIPTIONS
Pin Pin Type .
Pin Name No. o Input Output Description

CDAC 22 (8] —_ AN AJD ramp current source output. Mormally connected to
external capacitor to generate a linear voltage ramp.

RAQ/ANO 2 fle] ANIST CMOS Analog input channel 0. This pin can also serve as a
general-purpose /0.

RA1/AN1 1 Vo ANIST CMOs Analog input ehannel 1. This pin can connect to a level
shift network. If enabled, a +0.5V offset is added to the
input voltage. This pin can also serve as a general-
purpose I/0.

RAZ/ANZ 28 11O ANIST CMOS Analog input channel 2. This pin can also serve as a
general purpose digital /0.

RA3MANI 27 11O ANIST CMOS Analog input ehannel 3. This pin can also serve as a gen-
eral purpose digital /0.

SuUmM 21 (o] — AN AN1 summing junction output. This pin can be connected
to an external capacitor for averaging small duration
pulses.

RCO/REFA 19 | FO-PU 5T CMOS LED direct-drive output or programmable reference A out-
put. This pin can also serve as a GPI0. If enabled, this
pin has a weak internal pull-up to VDD

RCA/CMPA 18 | FO-PU 5T CMOS LED direct-drive output or comparator A output. This pin
can also serve as a GPIO. If enabled, this pin has a weak
internal pull-up to VoD.

RC2 17 | FO-PU ST CMOS LED direct-drive output. This pin can also serve as a
GPIO. If enabled, this pin has a weak internal pull-up to
VoD

RC3MTOCKI 16 | FO-PU 5T CMOS LED direct-drive output. This pin ean also serve as a
GPIO, or an external clock input for TimerQ. If enabled,
this pin has a weak internal pull-up to VDD.

RC4 15 | FO-PU 5T CMOS LED direct-drive output. This pin ean also serve as a
GPIO. If enabled, a change on this pin can cause a CPU
interrupt. If enabled, this pin has a weak internal pull-up
to VoD

RCS 13 | WO-PU ST CMOs LED direct-drive output. This pin can also serve as a
GPIO. If enabled, a change on this pin can cause a CPU
interrupt. If enabled, this pin has a weak intermal pull-up
te VoD.

RCBISCLA 12 1o STISM NPU/OD | General purpose /0. If enabled, is multiplexed as

(Mo P-diode) | synchronous serial clock for 12C interface. Also is the
serial programming clock. If enabled, a change on this pin
can cause a CPU interrupt. This pin has an N-channel
pull-up device which is disabled in 12C mode.

RCT/SDAA 1 11O ST/ISM NPUMCOD | General purpose /0. If enabled, is multiplexed as

(Mo P-diode) | synchronous serial data 1O for 12C interface. Also is the
serial programming data line. If enabled, a change on this
pin can cause a CPU interrupt. This pin has an N-channel
pull-up device which is disabled in I°C mode.

RDO/SCLE B8 11O ST/ISM NPU/OD | General purpose /0. If enabled, is multiplexed as

(Mo P-diode) | synchronous serial clock for 2C interface. This pin has an
N-channel pull-up device which is disabled in 12C mode.

RD1/SDAB 5 1o ST/SM NPU/OD | General purpose /0. If enabled, is multiplexed as

(Mo P-diode) | synchronous serial data /0 for 12C interface. This pin has
an N-channel pull-up device which is disabled in 1°c
mode.

RD2ICMPB 4 o-PU | AN/ST |CMOS General purpose /0 or comparator B output.




TABLE 3-1:

PIN DESCRIPTIONS (CONTINUED)

Pin PinType
Pin Name No. o Input Output Description

RD3/REFB 3 I1O-PU | ANIST |CMOS General purpose 'O or programmable reference B
output.

RD4/AN4 26 o ANFST | CMOS Analog input channel 4. This pin can also serve as a
GPIO.

RDS/ANS 25 o ANFST | CMOS Analog input channel 5. This pin can connect to a level
shift network. If enabled, a +0.5V offset is added to the
input voltage. This pin can also serve as a GPIO.

RD&/ANE 24 o ANFST | CMOS Analog input channel 6. This pin can also serve as a
GPIO.

RODTIANT 23 o ANFST | CMOS Analog input channel 7. This pin can also serve as a
GPIO.

VREG 10 O —_ AN This pin is an output to control the gate of an external
N-FET for voltage regulation.

OSC1/PBTN 8 -PU ST - IN Made: Input with weak pull-up resistor, can be used to
generate an interrupt.

HS Mode: External ascillator input.

QsC2/ 7 8] _ CMOS IN Mode: General purpose output.

CLKOUT HS Mode: External oscillator/clock output.

MCLRNPP 14 | WPWR ST Master clear (reset) input / pregramming voltage input.
This pin is an active low reset to the device.

Voo 9 PWR Paositive supply connection

Vss 20 GND Return supply connection

Legend:
Type: Definition:
TTL TTL-compatible input
CMOS CMOS-compatible input or output
ST Schmitt Trigger input, with CMOS levels
SM SMEBus compatible input
oD Open-drain output. An external pull-up resistor is required if this pin iz used as an output.
NPU M-channel pull-up. This pin will pull-up to approximately Yoo - 1.0V when cutputting a logical ‘1'.
PU Weak internal pull-up (10K-50K ohms)
MNo-=P diode Mo P-diode to Woo. This pin may be pulled above the supply rail (to 6.0% maximum).
AN Analog input or output
31 Clockin h finstruction Cycl 3.2 Instruction Flow/Pipelining

The cleck input (from OSC1 or the internal oscillator) is
internally divided by four to generate four
non-overlapping guadrature clocks, namely Q1, Q2,
Q3 and Q4. The program counter (PC) is incremented
every 01, 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 are shown in Figure 3-2.

An “Instruction Cycle” consists of four G cycles (Q1,
2, 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, 2ach 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 feteh 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
2,Q3, and Q4 cycles. Data memory is read during Q2
joperand read) and written during Q4 (destination
write).




FIGURE 3-2: CLOCKI/INSTRUCTION CYCLE
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EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW

1. MOVIW 55h Fetch 1 Execute 1

2. MOVWE PORTE Fetch 2 Execute 2

3. CALL SUB_1 Fetch 3 Execute 3

4. BSF FORTA, BIT3 Fetch 4 Flush

Fetch SUB_1

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




40 MEMORY ORGANIZATION

4.1 Program Memory Organization

The PIC14000 has a 13-bit program counter capable of
addressing an 8K x 14 program memory space. Only
the first 4K x 14 (0000-0FFFh) are physically imple-
mented. Accessing a location above the physically
implemented address will cause a wraparound. The
reset vector is at 0000h and the interrupt vector is at
0004h (Figure 4-1).

The 4098 words of Program Memory space are divided
into:

« Address Vectors (addr 0000h-0004h0)

« Program Memory Page 0 (addr 0005h-07FFH)

« Program Memory Page 1 (addr 0800h-0FBFh)

« Calibration Space (64 words, addr OFCOh-0FFFh)

Program code may reside in Page 0 and Page 1.
FIGURE 4-1: PIC14000 PROGRAM
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TABLE 4-1: CALIBRATION DATA
OVERVIEW*
Address Parameter | Symbol| Units | Format

Slope 32-hit

OFCOR-0OFC3h  |reference K MWiA  |floating
ratio point®*
Bandgap 32-bit

OFC4h-0FCTh |reference Keg Voliz  |floating
voltage point
Tempera- 32-bit

OFC8h-OFCBh |ture sensor | Vriesw Voltz  |floating
voltage point
Tempera- Volts! | 32-bit

OFCCh-0FCFh |ture sensor Ko degree |floating
coefficient Celsius |point
Internal
cscillator

F

OF DOk frequency fare A byte
multiplier
WDT

OFD2h ime-cut Toor ms byte

* Refer to ANE21 for details.
** Microchip modified |IEEE 754 32-bit floating point format.
Refer to application note ANSTS for details.



TABLE 4-2: CALIERATION CONSTANT
ADDRESSES
Address Data
OFCOh Kger . exponent
OFC1h Kger . mantissa high byte
OFC2h Kger . mantissa middle byte
OFC3h Kger . mantisza low byte
OFC4h Kgg . exponent
OFCS5h Kgg . mantissa high byte
OFCEh Kpg . mantissa middle byte
OFCT7h Kgg , mantissa low byte
OFC8h W oueau - EXponent
0FC%h Vouemy - Mantissa high byte
OFCAh Vouemy - Mantissa middle byte
OFCEh Vouery - Mantissa low byte
OFCCh K+ . exponent
OFCDh K;z . mantissa high byte
OFCEh Ky . mantissa middle byte
OFCFh Kqe . mantissa low byte
OFDOh Foge. unsigned byte
OFD1h reserved
QOFD2h Tuor- unsigned byte
EIEEBSE i reserved
OFFah-Fh calibration space checksums
4.2 Data Mem nization

The data memory (Figure 4-2) is partitioned into two
banks which contain the general purpose registers and
the special function registers. Bank 0 is selected when
the RPO bit in the STATUS register is cleared. Bank 1
is selected when the RPO bit in the STATUS register is
set. Each bank extends up to 7Fh (128 bytes). The first
32 locations of each bank are reserved for the Special
Function Registers. Sewveral Special Function
Registers are mapped in both Bank 0 and Bank 1. The
general purpose registers, implemented as static RAM,
are located from address 20h through 7Fh, and AQ
through FF.

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 4-3). These reg-
isters are static RAM.

421 GENERAL PURPOSE REGISTER FILE

The register file is accessed either directly, or indirectly
through the file select register FSR (Section 4.4).

FIGURE 4-2: REGISTER FILE MAP

File Address

00h | Indirect add.(*) Indirect addr.(*) | 80h
01h TMRO OPTION 81h
02h PCL PCL 82h
03h STATUS STATUS 83h
0dh FSR FSR 84h
05h PORTA TRISA 85h
06h RESERVED RESERVED 86h
07h FORTC TRISC &7h
08h PORTD TRISD 88h
0%h 88h
0Ah FCLATH FCLATH 8Ah
OBh INTCOM INTCON 8Bh
0Ch PIR1 FIE1 8Ch
0Dh 8Dh
OEh ADTMRL PCON 8Eh
0Fh ADTMREH SLPCON &Fh
10h 80h
11h 91h
12h 82h
13h FCBUF I’CADD 93h
14h PCCON I2CSTAT 94h
15h ADCAPL g5h
16h ADCAFH 86h
17h g7h
18h g8h
18h 88h
1Ah 94h
1Bh FPREFA 8Bh
1Ch FREFB aCh
1Dh CMCON 8Dh
1Eh MISC 8Eh
1Fh ADCOMO ADCON1 9Fh
20h Alh

General General

Purpose Purpose

Register Register
7E (96 Bytes) (96 Bytes) FE

* Mot a physical register.
Shaded areas are unimplementad memory locations,
read as '0's.

The special registers are classified into two sets.
Special registers associated with the “core” functions
are described in this section. Those registers related to
the operation of the peripheral features are described
in the section specific to that peripheral.



TAELE 4-3: SPECIAL FUNCTION REGISTERS FOR THE PIC14000

Address | MName | Bit7 | Bité | Bits | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
Bank0
INDF . .
aoh* (Indirect Adq:_!ressing this location uses contents of the FSR to address data memory (not a physical
Address) register).
01h TMRO Timer0 data
02h* |PCL |Program Counter's (PC's) least significant byte
03h*  [STATUS RP [ RP1 [ RP0O [ TO [ PD | 2z DC c
04h* [FSR {Indirect data memory address pointer
05h [PORTA |PORTA data latch.
06h |Reserved  |Reserved for emulation.
07h [PORTC |PORTC data latch
08h [PORTD |PORTD data latch
09h |Reserved
0AR® |PCLATH |Buffered register for the upper 5 bits of the Program Counter (PC)
0Bh*  |[INTCON GIE FEIE TOIE r r TOIF r r
0Ch |PIR1 CMIF — — FBIF I“CIF RCIF ADCIF OVFIF
0Dh |Reserved
0Eh ADTMRL AD capture timer data least significant byte
OFh ADTMRH  |A/D capture timer data most significant byte
10h |Reserved
11h |Reserved
12h |[Reserved
13h I“CBUF I“C Serial Port Receive Buffer/Transmit Register
14h I“CCON WCOL | ICOV | ICEN | CKP | ICM3 | I°CM2 | I“CM1 I“CMO
15h ADCAPL AD capture latch least significant byte
16h ADCAPH AD capture latch most significant byte
17h [Reserved
18h |Reserved
19h |Reserved
1Ah |Reserved
1Bh |Reserved
1Ch |Reserved
1Dh |Reserved
1Eh |[Reserved
1Fh ADCONO ADCS3 | ADCS2 | ADCS1 | ADCSO - AMUXOE | ADRST | ADZERO
Legend

— = unimplemented bits, read as ‘0¥ but cannot be owerwritien

r = reserved bits, default is POR value and should not be overwritten with any value
Reserved indicates reserved register and should not be overaritten with any value

* indicates registers that can be addressed from either bank




TABLE 4-3: SPECIAL FUNCTION REGISTERS FOR THE PIC14000 (CONTINUED)
Address | Name | Bit7 | Bité | Bit5 | Bitd | Bita | Btz | Bit1 | Bito
Bank1
INDF Addressi . . .
. ing this location uses contents of FSR to address data memory (not a physical regis-|
80h (Indirect Ad- her).
dress)
81h OPTION RCPU | r [ TOCS | TOSE | PSA | P52 | P& | PS0
82h* |PCL |Pregram Counter's (PC's) least significant byte
83h* STATUS IRP | RP1 [ RFO | TO | FD | Z | DC | C
84h* |IFSR |Ind|recl data memory address pointer
85h TRISA |P'DRTA Data Direction Register
86h |Reserved |Heservad for emulation
a7h TRISC |PORTC Data Direction Register
88h TRISD |PORTD Data Direction Register
8ah |Reser‘ved
8Ah* |PC.LATH |Buffered register for the upper 5 bits of the Program Counter (PC)
aBnh* |INTCC|N GIE PEIE TOIE r r TOIF r r
8Ch |P'IE1 CMIE —_ —_ PBIE [2CIE RCIE ADCIE OVFIE
8Dh |Reser‘ved
8Eh |Pcon r - — - —_ - FOR ovD
aFh SLPCON HIBEM —_ REFOFF | LSOFF | OSCOFF| CMOFF [TEMPOFF| ADOFF
90h |Reser‘ved
91h |Reser‘ved
92h |Reserved
93h [<CADD I“C Synchronous Serial Port Address Register
94h IZCSTAT —_ —_ [ /A | P | 5 | RW | LA BF
85h |Reser‘ved
96h |Reserved
97h |Resenred
98h |Reser‘ved
9oh |Reser‘ved
9Ah |Reserved
9Bh |PREFA FRAT PRAG PRAS PRA4 FRA3 FRAZ PRA1 PRAD
aCh |PREFB FRBY PREG& PRES PRB4 FRB3 FRB2 PRE1 PRBO
80h CMCON —_ CMBOUT| CMBOE | CPOLB —_ CMAOUT | CMAOE | CPOLA
9Eh [MISC SMHOG |SPGNDB | SPGNDA | FCSEL | SMBUS | INCLKEN | 0OSc2 QsCH1
9Fh ADCON1 ADDACS | ADDACZ | ADDACT | ADDACO | PCFG3 PCFG2 PCFG1 PCFGO
Legend
— = unimplemented bits, read as ‘0" but cannot be overwritien
r =reserved bits, default is POR value and should not be overwritten with any value
Reserved indicates reserved register and should not be overwritten with any value
* indicates registers that can be addressed from either bank
4221 STATUS REGISTER It is recommended, therefore, that only 2cr, =sF,

The STATUS register, shown in Figure 4-3, contains
the arithmetic status of the ALU, the RESET status and
the bank select bits for data memaory.

The STATUS register can be the destination for any
instruction, as with 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 sat or cleared aceording 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 000u uluu (where u = unchanged).

SWAPE and MOVIWE instructions are used to alter the
STATUS register because these instructions do not
affect the Z, C or DC bits from the STATUS register. 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 PIC14000 and should be
programmed as cleared. Use of these bits
as general purpose R/W bits is NOT
recommended, since this may affect
upward compatibility with future products.

The C and DC bits operate as a bormow
and digit borrow out bit, respectively, in
subtraction. See the SUELW and SUBWFE
instructions for examples.

Note 2:




FIGURE 4-3

STATUS REGISTER

83h

Bit 7 Bite Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

STATUS

IRP RP1 RPO TO FD Z DC C

Read/Write

R R R R R RW RMW R

POR value FFh

0 0 0 1 1 X X X

Bit

Name

Function

BT

IRP

Mot used. This bit should be programmed as ‘0"
Use of this bit as a general purpose read/write bit is not recommended, since this may
affect upward compatibility with future products.

B&

RP1

Mot used. This bit should be programmed as ‘0"

Use of this bit as a general purpose read/write bit is not recommended, since this may
affect upward compatibility with future products.

BS

RPO

Register page select for direct addressing.

1= Bank1 (80h - FFh)

0 = Bank0 (00h - 7Fh)

Each page is 128 bytes. Only the RPO bit is used.

Time-out bit.
1 = After power-up and by the CLRWDT and SLEEF instruction.
0 = Awatchdog timer time-out has occurred.

B3

Power down bit.
1 = After power-up or by a CLRWDT instruction.
0 = By execution of the SLEEP instruction.

B2

Zero bit.
1 = The result of an arithmetic or logic operation is zero.
0 = The result of an arithmetic or logical operation is not zero.

B1

DCc

Digit carry / borrow bit.

For ADowr and ADDLW instructions.

1 = A carry-out from the 4th low order bit of the result.
0 = No carry-out from the 4th low order bit of the result.
Mate: For Borrow, the polarity is reversed.

BO

Carry / borrow bit.

For A0owr and ADDLW instructions.

1 = A carry=out from the most significant bit of the result occurred. Note that a
subtraction is executed by adding the two's complement of the second operand. For
rotate (REF, RLF)instructions, this bit is loaded with either the high or low order bit of
the source register.

0 = No carry=-out from the most significant bit of the result.

Mote: For Borrow the polarity is reversed.




4222  OPTION REGISTER

The OPTION register (Address 81h) is a readable and
writable register which contains various control bits to
configure the TMROMWDT prescaler, TMRO, and the
weak pull-ups on PORTC<5:0=. Bit 6 is reserved.

FIGURE 4-4: OPTION REGISTER

Mote: To achieve a 1:1 prescaler assignment,

assign the prescaler to the WDT (PSA=1)

RW  RW RAW  RW RW RW RW RW Register. P R ——
|HEFE[| r |Tncs |TﬂEE|PS.A| Pszl P51| F"SI}| Address: 81h R:  Readable
- . POR walwe: FFh Lr: Unimplemented.
bit? . l;fw Read as 0"
\\ FPRESCALER VALUE
PS2:PS0 psa P51 PS0 TMRD RATE | WDT RATE
a [i [V} 1:2 1:1
0 0 1 1:4 1:2
] 1 0 i:8 1:4
0 1 1 1:16 1:8
1 i 0 1: 32 1:16
1 0 1 1 B4 1:32
1 1 0 1: 128 1: 64
1 1 1 1 : 256 1:1z28

PSA: Prescaler assignment bit
1 = Prescaler assigned fo the WDT
0 = Prescaler assigned o TMRO

TOSE: TMRD source edge

1 = Increment on high-todow transition on RCWTOCKI pin
0 = Increment on low-io-high transition on RCWTOCKI pin

TOCS: TMRD clock source
1 = Transition an RCATOCK] pin
0 = Internal instruction cyde clock (CLEKOUT)

Reserved. This bit should be programmed as a '1". Wse of this bit as
general purpose readiwrite is not recommended since this may affect

upward compatibility with future products.

RCFO: PORTC pull-up enable

1 = PORTC pull-ups are disabled overriding any port latch value (RC<5:0> anly)
0 =PORTC pull-ups are enabled by individual por-latch values (RC<5:0=)




4223  INTCON REGISTER Note: The TOIF will be set by the specified
The INTCON Register is a readable and writable m“d"l';’“ E‘:“:imf WEE“”'?Q ——
register which contains the various enable and flag bits E:Pthl edm ih t GIFI‘E E“ s ol {“r;ed"”':’lf
for the Timerd overflow and peripheral interrupts. I ::’ }“LI ?:-I 41, Befo = hl::a
Figure 4-5 shows the bits for the INTCON register. l:mmg:&:mﬁh;n:éwpt ﬂ;‘; h:r;su":g
that the program does not immediately
branch to the peripheral interrupt service
routine
FIGURE 4-5: INTCON REGISTER
RW RW RW RW RW RW RW RW Register: INTCOM | W:  Writable
Address: 0Bh or BBh| R:  Readabls
GIE | PEIE | TOIE | o L r POR value: 0000 000xb| U+ Unimplemented,
bit? Ltnm read as 0’

Reserved. This bit should be programmed as "0°. Use of this bit
as a general purpose readfwrite bit is not recommended, since
this may affect upward compatibility with future products.

Reaserved. This bit should be programmed as “0°. Use of this bit
as a genaral purpose readfwrite bit is not recommended, since
this may affect upward compatibility with future products.

TOIF: TMRO overflow interrupt flag

1 = The TMRD has overflowed
Must be cleared by software
0 = TMRO did nat averflow

Reserved. This bit should be programmed as '0'. Use of this bit
as a general purposa readfwrite bit is not recommended, since
this may affect upward compatibility with future products.

Reserved. This bit should be programmed as 0. Use of this bit
as a general purpose readfwrite bit is not recommended, since
this may affect upward compatibility with future products.

TOIE: TMRO internapt anable bit

1 = Enables TOIF interrupt

0 = Disables TOIF interrupt

PEIE: Peripheral interrupt enable bit

1 = Enables all un-masked periphearal interrupts

0 = Disables all peripheral interrupts

GIE: Global interrupt enable

1 = Enables all un-masked intermupts

0 = Dizables all interrupts




4224 PIE1 REGISTER Mote: INTCOM=6> must be enabled to enable

This register contains the individual enable bits for the any interrupt in PIE1.

Peripheral interrupts including A/D capture event, 1°C
serial port, PORTC change and A/D capture timer
overflow, and external push button.

FIGURE 4-6: PIE1 REGISTER

R R R RW  RAW R R R

cmE | — | — |reiE|PcE | RoIE | aDCIE | OvFIE Register: PIET | W:  Wiitable
Address: BCh|R:  Readabls

hif 7 bitD POR value: 00h | U:  Unimplemanted,
read as 0

OVFIE: A/D Counter Overflow Interrupt Enable

1 = Enables A/D counter averflow intermupt
0 = Disables AD counter averflow interrupt

ADCIE: AD Capture Interrupt Enable
1 = AJD capture interrupt is enabled
0= AJD capture interrupt is disabled

RCIE: PORTC Interrupt on change Enable
1 = Enables RCIF interrupt on pins, RC<7-4>
0 = Disables RCIF interrupt

ICIE: 1C Port Interrupt Enable
1 = Enables FCIF interrupt
0 = Disables FCIF interrupt

PBIE: External Pushbution Interrupt Enable

1 = Enablie PETHN (pushbuttan) interrupt on OSC1/FPBETN.
(Mot this interrupt not available in HS mode).

0 = Disable PBTHM interrupt on OSC1/PBETH

Unimplementad. Read as ‘0’

Unimplemented. Read as ‘0

CMIE: Programmable Reference Comparator Interrupt Enable

1 = Enable programmable reference comparator trip
0 = Disable programmabde reference comparator trip




4225 PIR1 REGISTER

This register contains the individual flag bits for the
Peripheral interrupts (Figure 4-7).

These bits will be set by the specified
condition, even if the comesponding
Interrupt Enable bit is cleared (interrupt
disabled) or the GIE bit is cleared (all
interrupts disabled). Before enabling an
interrupt, the user may wish to clear the
corresponding interrupt flag, to ensure that
the program does not immediately branch
to the Peripheral Interrupt service routine.




4226 PCOMN REGISTER These bits are cleared on POR. The user must set
these bits following POR. On a subsequent reset if
POR is cleared, this is an indication that the reset was
due to a power-on reset condition.

The Power Control (PCON) register status contains
2 flag bits to allow differentiation between a Power-on
Reset, an external MCLR reset, WDT reset, or low-volt- _
age condition (Figure 4-8). Note: VD is unknown on Power-on Reset It
must then be set by the user and checked
on subsequent resets to see if VD is
cleared, indicating a low voltage condition

has occurred.
FIGURE 4-8: PCON REGISTER
R u u u u U RMW RAW
r _ _ _ _ _ Eon G Register: PCON W Writable
. Address: BEh R: Readable
bit? bitd POR valua: U:  Unimplemanted,
0000_000xb read as '0°

LVD: Low Voltage Detect Flag

1= A low-voltage detect condition has not occurred.

0= A low-voltage detect condition has occurred.
Software must set this bit after a
power-on-reset condition has occurmed.

POR: Power on Reset Flag

1= A power on reset condition has not occurred.
Reset must be due to some other source
{(WDT, MCLR).

0 = A power on reset condition has occurred.
Software must set this bit after a
power-on-reset condition has occcurred.

Unimplemented. Read as '0’

Unimplemented. Read as 0/

Unimplementad. Read as 'Y

Unimplemeanted. Read as ‘0

Unimplementad. Read as 0

Resarved. Bit 7 iz reserved. This bit should be
programmed as ‘0" .




FIGURE 4-7: PIR1 REGISTER
RAN R R RW RW RW R W
Register: FIR1 |W- Writable
CMIF | — | — |PBIF| %ciF | RCIF | ADCIF| OVFIF Address: 0Ch |R: Readable
bit? hitd) POR valus: 00h |U: Unimplemented,

read as ‘0

OVFIF: A/D counter Overflow Interrupt Flag

1 =An AJ/D counter overllow has occurmed.
Must be cleared in softwane.
0= An AD counter averflow has not occurred

ADCIF: A/D Capture Interrupt Flag

1 =An A/D caplure has occurmed.
Must be cleared in softwane.
0= An AD capture has not occurmed

RCIF: PORTC Interrupt en Change Flag
1 =Al least one RC=T:4> input changed.

Must be cleared in software.
0 =None af the RC<T:4> inputs have changad

BCIF:  12C Port Intermupt Flag

1 = A transmission/reception is completed.
Must be cleared in software.
0 =Waiting to ransmitireceive

PBIF: External Pushbution Interrupt Flag

1 =The external pushbutton interrupt has occurmed
on OSC1/PETH. Note: This interrupt is not available
in HS mode.

0 =The external pushbution interrupt did not oceur

Unimplemented. Read as 0’

Unimplemented. Read as 0’

CMIF: Programmable Reference Comparator Imterrupt Flag

1 =The comparator output has tripped. This s a
level-sensitive intermupt.
0 = The interrupt did not occur




4.3 PCL and PCLATH

The program counter (PC) is 13-bits wide. The low
byte, PCL, is a readable and writable register. The high
byte of the PC (PCH) is not directly readable or
writable. PCLATH is a holding register for PC<12:8>
where contents are transferred to the upper byte of the
program counter. When PC is loaded with a new value
during a CALL, GOTOor awrite to PCL, the high bits of
PC are loaded from PCLATH as shown in Figure 4-9.

FIGURE 4-9: LOADING OF PC IN
DIFFERENT SITUATIONS

PCH PCL
12 8 7 0
85 dest
AL result

PCLATH=4:0=

5
HEEEEEEn

PCLATH

PCH PCL
2 1 w0 & 7 0
Pc | | '

: | cotocan
2EPCLATH~=4:3=- ‘tﬂ Oocode <100
EEEEEEEN

PCLATH

Mote: On POR, the contents of the PCLATH
register are unknown. The PCLATH should
be initialized before a CALL, GOTO, or any
instruction that modifies the PCL register is

executed.

431 COMPUTED GOTO

When doing a table read using a computed GOTO
method, care should be exercised if the table location
crosses a PCL memory boundary (each 256 byte
block). Refer to the application note “Table Read Using
the PIC16CXX"(ANS56).

432 STACK

The PIC14000 has an 8 deep x 13-bit wide hardware
stack (Figure 4-1). The stack space is not part of either
program or data space and the stack pointer is not
readable or writable. The PC is PUSHed in the stack
when a CALL instruction is executed or an interrupt is
acknowledged. The stack is POPed in the event of a
RETURM, RETLW OF & RETFIE instruction execution.
PCLATH is not affected by a “PUSH" or a “POP”
operation.

The stack operates as a circular buffer. This means
that after the stack has been “PUSHed" eight times, the
ninth push overwrites the value that was stored from
the first push. The tenth push overwrites the second
push (and s0 on).

Mote 1: There are no STATUS bits to indicate
stack owverflow or stack underflow
conditions.

Mote 2: There are no instruction mnemonics
called PUSH nor POP. These are actions
that occur from the execution of the carL,
RETURM, RETLW, of RETFIE instructions,
or the vectoring to an interrupt address

433 PROGRAM MEMORY PAGING

The PIC14000 has 4K of program memory, but the
CALL and GOTO instructions only have a 11-bit address
range. This 11-bit address range allows a branch within
a 2K program memory page size. To allow CALL and
Z0TO instructions to address the entire 4K program
memory address range, there must be another bit to
specify the program memory page. This paging bit
comes from the PCLATH=<3= bit (Figure 4-9). When
doing a CALL or GOTO instruction, the user must ensure
that this page bit (PCLATH<3=) is programmed to the
desired program memory page. If a CALLinstruction (or
interrupt) is executed, the entire 13-bit PC is pushed
onto the stack. Therefore, manipulation of the
PCLATH<3= is not required for the return instructions
{which pops the PC from the stack).

Note: The PIC14000 ignores the PCLATH<4>
bit, which is used for program memory
pages 2 and 3 (1000h-1FFFh). The use of
PCLATH=4> as a general purpose
readfwrite bit is not recommended since
this may affect upward compatibility with
future products.

Example 4-1 shows the calling of a subroutine in
page 1 ofthe program memaory. This example assumes
that the PCLATH is saved and restored by the interrupt
service routine (if interrupts are used).

EXAMPLE 4-1: CALL OF ASUBROUTINE IN
PAGE 1 FROM PAGE 0

orRz 0x500
BSF PCLATH, 3
CRLL SUEL_P1

Select page 1 (B00h=-FFFh)
call subroutine in
page 1 [BO0h=FFFh)

orRE 0x%00

SUBEl F1 : ; called subroutine
: ; page 1 (BOOh=-FFFh)
EETUEN ; return to page 0

; (000h=TFFR)



4.4 Indirect Addressing. INDF and FSR
Registers

EXAMPLE 4-2: INDIRECT ADDRESSING

movlw  Ox20 jinitialize pointer
The INDF register is not a physical register. Addressing movt  FSR fro Rad _
the INDF register will cause indirect addressing. WEXT clrf  INDF  ;clear INDF register
Indirect addressing is possible by using the INDF ;n:f FeR 4 12: Tmfer
register. Any instruction using the INDF register Fhes  FSRA S jeld dones
actually accesses data pointed to by the file select gete  NEXT  ine clear next
register (FSR). Reading INDF itself indirectly will iyes continue
produce 00h. Writing to the INDF register indirectly T LN :
results in & 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<T=), as shown in Figure 4-10. However, IRP
is not used in the PIC14000.
A simple program to clear RAM location 20h-2Fh using
indirect addressing is shown in Example 4-2.
FIGURE 4-10: INDIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1 RPO i from opcode 0 IRP 7 FSR 00
. y A s y A
bank select  location select | bank select 1 location select
. - 00 01 10 1 -
00 0o
Data
Memory not|used
7F 7F
Bank0 Bank1 Bank2 Bank3

Mobe: For memory map detail see Figure 4-1.




5.0 VO PORTS

The PIC14000 has three ports, PORTA, PORTC and
FPORTD, described in the following paragraphs.
Generally, PORTA is used as the analog input port.
PORTC is used for general purpose /O and for host
communication. PORTD provides additional /O lines.
Four lines of PORTD may function as analog inputs.

PORTA and TRISA

PORTA s a 4-bit wide port with data register located at
location 05h and corresponding data direction register
(TRISA) at 85h. PORTA can operate as either
analog inputs for the internal A/D converter or as
general purpose digital WO ports. These inputs are
Schimitt Triggers when used as digital inputs, and have
CMOS drivers as outputs.

FPORTA pins are multiplexed with analog inputs.
ADCOMN1=1:0> bits control whether these pins are
analog or digital as shown in Section 8.7. When config-
ured to the digital mode, reading the PORTA register
reads the status of the pins whereas writing to it will
write to the port latch. When selected as an analog
input, these pins will read as '0's.

51

Note: On Reset, PORTAIs configured as analog
inputs

The TRISA register controls the direction of the PORTA
pins, even when they are being used as analog inputs.
The user must make sure to keep the pins configured
as inputs when using them as analog inputs. A 1" in
each location configures the corresponding port pin as
an input. This register resets to all ‘1's, meaning all
PORTA pins are initially inputs. The data register
should be initialized prior to configuring the port as out-
puts. See Figure 5-2 and Figure 5-3.

PORTA inputs go through a Schmitt Trigger AND gate
that is disabled when the input is in analog mode. Refer
to Figure 5-1.

Mote that bits RA<7:4> are unimplemented and always
read as 0", Unused inputs should not be left floating to
avoid leakage currents. All pins have input protection
diodes to VoD and Vss.

EXAMPLE 5-1: INITIALIZING PORTA

CLREF PORTA ;Initialize PORTA by setting
soutput data latches

BSF STATUS, RPOD ;Select Bankl

MOVLW Ox0F ivalue used to initialize

;data direction

MOVWE TRISA 52t RAC3:0» as inputs

FIGURE 5-1: PORTA BLOCK DIAGRAM
Voo
Data
Bus D Q 5 o
Write oK O Pin
PORTA = "E
— 0 Qp— N
Wirite Wss
TRISA FCK T Analog Input Mode
Read
TRISA
Schmitt Trigger
! ] Input Buffer
L L
1 2 D
EN"—[
PORTA >0
To A/D Converter
Mote: /0 pins have protection diodes to Voo and Vss.




FIGURE 5-2: PORTA DATA REGISTER

05h Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

PORTA —_ — — — RA3/AN3 | RAZIANZ | RATAN1 RAQ/AND

Read/Write u RW RW RW RW

POR value 0xh 0 0 0 0 X X X X

Bit Name Function

BT-B4 —_ Unimplemented. Reads as'0’.

B3 RAJANI GPIO or analeg input. Returns value on pin RA3/ANS when used as a digital
input. When configured as an analog input, reads as '0'.

B2 RAZ/ANZ GPIO or analog input. Returns value on pin RA2/ANZ when used as a digital
input. When configured as an analog input, reads as ‘0.

B1 RA1/AN1 GPIO or analog input. Returns value on RAT/AN1T when used as a digital input.
This pin can connect to a level shift network. If enabled, a +0.5V offset is added
to the input voltage. When configured as an analog input, reads as '0".

BO RAQ/AMND GPIO or analeg input. Returns value on pin RAG/AND when used as a digital
input. When configured as an analog input, reads as ‘0.

5.2 PORTC and TRISC When using PORTC<0> as an analog output

PORTC is a 8-bit wide bidirectional port, with Schmitt

Trigger inputs, that serves the following functions

depending on programming:

* Direct LED drive (FORTC=7:0=).

« |2C communication lines (PORTC<T:6>), refer to
Section 7.0 1°C Serial Port.

+ Interrupt on change function (PORTC<7:4=>),
discussed below and in Section 10.3 Interrupts.

* Programmable reference and comparator
outputs.

+ Timer0 clock source on RC3

The PORTC data register is located at location 07h and
its data direction register (TRISC) is at 87h.

PORTC=5:0= have weak internal pull-ups (~100 uA
typical). A single contral bit can turn on all the pull-ups.
This is done by clearing bit RCPU (OPTION<7=). 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 and in hibernate mode.

(CMCON=1> bit is s&t), the TRISC<0> bit should be
cleared to disable the weak pull-up on this pin. Refer to
Table 5-1.

Four of the PORTC pins, RC<T:4> have an interrupt on
change feature. Only pins configured as inputs can
cause this interrupt to occur. In other words, any pin
RC=7:4= configured as an output is excluded from the
interrupt on change comparison. The input pins of
RC=7:4> are compared with the old value latched on
the last read of PORTC. The “mismatch” outputs of
RC<7:4> are OR'ed together to assert the RCIF flag
(PIR1 register<2>) and cause a CPU interrupt, if
enabled.

Note: If the I°C function is enabled,
(PCCON<5=, address 14h), RC<7:6> are
automatically excluded from the

interrupt-on-change comparison.




This interrupt can wake the device up from SLEEP. The
user, in the interrupt service routine, can clear the
interrupt in one of two ways:

+ Disable the interrupt by clearing the RCIE
(PIE1=2>) bit

* Read PORTC. This will end mismatch condition.
Then, clear the RCIF (PIR1=2=) bit.

A mismatch condition will continue to set the RCIF hit.
Reading PORTC will end the mismatch condition, and
allow the RCIF bit to be cleared.

If bit CMAOE (CMCON=<1=) is set, the RCO/REFA pin
becomes the programmable reference A and analog
output. Pin RC1/CMPA becomes the comparator A out-
put.

Note: Setting CMAOE changes the definition of

RCO/REFA and RC1/CMPA, bypassing
the PORTC data and TRISC register set-

ﬂngs.

PORTC<T:6> also serves multiple functions. These
pins act as the 12C data and clock lines when the 12C
module is enabled. They also serve as the serial pro-
gramming interface data and clock line for in-circuit
programming of the EPROM.

The TRISC register controls the direction of the
PORTC pin. A ‘1" in each location configures the
corresponding port pin as an input. Upon reset, this
register sets to FFh, meaning all PORTC pins are ini-
tially inputs. The data register should be initialized prior
to configuring the port as outputs.

Unused inputs should not be left floating to avoid
leakage currents. All pins have input protection diodes
to VoD and Vss.

EXAMPLE 5-2: INITIALIZING PORTC

CLEF  PORTC i Initialize PORTC data
: latches before setting
: the data direction

: register

ESF STATUS, EPO ; Select Bankl

MOVLW (Ou=CF : value used to initialize
; data direction

MOVWE TRISC ; Set RC<3:0> as inputs

: RC<5:4> as outputs
H REC<7:68> as inputs



FIGURE 5-3: BLOCK DIAGRAM OF PORTC<7:6> PINS

IPCCON<5> VDD
Data
Bus D a
. A_
Write P
PORTC K a
— D Q—QJ
Write e = r ves
TRISC pCK Q
Schrnitt Trigger
Read
TH G Inpl.ll Bul’fer
* J/ . Df——»
Read ™~ @
PGR‘I‘Z;,.' EN"?&

2CE
RCIF @ b

From other Read PORTC
ea
FPORTC pins EN .

Note: I/O pins have protection diodes to VDD and VSS. These pins do not have a P-channal pull-up.

FIGURE 5-5: ELOCK DIAGRAM OF PORTC<3:0> PINS

RCFUO
VDD
Data |—o
Bus 1 b a — P
Write . o
CK G Pin
PORTC [~
=
[ ]
D Q=
Al
'm[sec K O HIBERNATE
Schmitt Trigger
%% Sdc Input Buffer
Q D
Read (
PORTC 11 EN4

Read PORTC

1. 1O pins have protection diodes to Voo and Vss.

2. Port Latch ='1" and TRISC ='1' enables weak pull-up if RCPU =0 in OPTION register.

3. Ifthe CMADE bit (CMCOMN<1>) is set to'1’, RCO becomes REFA, RC1 becomes CMPA,
ignoring the PORTC<1:0= data and TRISC<1:0> register settings.




TABLE 5-1: PORT RCO PIN CONFIGURATION SUMMARY

Casf?:umion TRISC<0>| 5ot 10N<7> | CMCON<1> Comment
Digital Input (weak pull-up) 1 0 0
Digital Input (no pull-up) 1 1 0
Digital Output 0 X 0
Analog Output 0 X 1 Must clear TRISC=0=> to disable pull-up when
used as an analog output.

FIGURE 54: BLOCK DIAGRAM OF PORTC<5:4> PINS

HIBEERMATE RCPU VDD
1% LH”%
us ~ 5
. 8]
Write K rjA‘ Pin
PORTC .
— D O
AL :
Write = Schmitt Trigger
TRISC PCK_Q Input Buffer Ei
Read
TRISC
* 'J/ * Q Dr——
Read
PORI? = EN4
= A
5 E :ﬂ a s
RCIF From other
PORTC pins EN Read PORTC

1. I/0 pins have protection diodes to VDD and VSS.
2. Port Latch = *1"and TRISC = ‘1" enables weak pull-up if RCFU = ‘0" in OPTION register.




FIGURE 5-6: PORTC DATA REGISTER

07h Bit7 Bit& Bit5 | Bit4 Bit3 Bit 2 Bit1 Bit0
PORTC RCT/SDAA | RCE/SCLA | RCS | RC4 | RC3/TOCKI | RC2 | RC1/CMPA | RCOREFA
Read/Write RAW RAW RW | RW RW R RAW R
POR value xxh x x ® x ® ® x ®

Bit MName Function

Synchronous serial data IO for I2C interface. Also is the serial programming data line.
87 RC7/SDAA This pin can also serve as a general purpose /0. If enabled, a change on this pin can
cause a CPU interrupt. This pin has an N-channel pull-up to VDD which is disabled in
1°C mode.

Synchronous serial clock for I°C interface. Also is the serial programming clock. This pin
B& RCB/SCLA can also serve as a general purpose /0. If enabled, a change on this pin can cause a
CPU interrupt. This pin has an N-channel pull-up to Voo which is disabled in EC mode.

BS RCS LED direct=drive output. This pin can also serve as a GPIO. If enabled, a change on this
pin can cause a CPU interrupt. If enabled, this pin has a weak internal pull-up to VooD.

B4 RC4 LED direct-drive output. This pin can also serve as a GPIO. If enabled, a change on this
pin can cause a CPU interrupt. If enabled, this pin has a weak internal pull-up to Voo.

B3 RCITOCKI | LED direct-drive output. This pin can also serve as a GPIO. If enabled, this pin has a
weak internal pull-up to Voo. TOCKI is enabled as TMRO clock via the OPTION register.

B2 RC2 LED direct-drive output. This pin can also serve as a GPIO. If enabled, this pin has a
weak internal pull-up to VoD.

B1 RCA/CMPA | LED direct-drive output. This pin can also serve as a GPIO, or comparator A output. If
enabled, this pin has a weak internal pull-up to VoD.

BO RCO/REFA | LED direct-drive output. This pin can also serve as a GPIO, or programmable reference
Aoutput. If enabled, this pin has a weak internal pull-up to VoD.

U= unimplemented, X = unknown.

521 TRISC PORTC DATA DIRECTION
REGISTER

This register defines each pin of PORTC as either an
input or cutput under software contral. A 1" in each
location configures the corresponding port pin as an
input. This register resets to all ‘1's, meaning all
PORTC pins are initially inputs. The data register
should be initialized prior to configuring the port as
outputs.



FIGURE 5-7: TRISC REGISTER

0 = pin is an output
1 = pin is an input

87h Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
TRISC TRISCT | TRISCE | TRISCS | TRISC4 | TRISC3 TRISCZ2 TRISCA TRISCO
Read/Write RAW RW RW RW RMW RW RAW RW
POR value FFh 1 1 1 1 1 1 1 1
Bit Name Function
B7 TRISCT Control direction on pin RC7/SDAA (has no effect if I“C is enabled):

B6 TRISCS Control direction on pin RCE/SCLA (has no effect if 1°C is enabled):
0 = pin is an output
1= pin is an input

BS TRISCS Control direction on pin RC5:
0 = pin is an output
1= pin is an input

B4 TRISC4 Control direction on pin RC4:
0 = pin is an output
1 = pin is an input

B3 TRISC3 Control direction on pin RC3:
0 = pin is an output
1 = pin is an input

B2 TRISC2 Control direction on pin RC2:
0 = pin is an output
1 = pin is an input

0 = pin is an output
1 = pin is an input

B1 TRISCA Control direction on pin RC1/CMPA (has no effect if the CMAOE bit is set):

0 = pin is an output
1 = pin is an input

BO TRISCOD Control direction on pin RCO/REFA (has no effect if the CMAOE bit is set):

U= unimplemented, X = unknown.

5.3 PORTD and TRISD

PORTD is an 8-bit port that may be used for general
purpose /0. Four pins can be configured as analog
inputs.

FIGURE 5-8: EBLOCK DIAGRAM OF PORTD<7:4> PINS
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FIGURE 5-9: BLOCK DIAGRAM OF PORTD<3:2> PINS
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1. O pins have protection diodes to VDD and VSS.
2. IWCMBOE (CMCOM=5=) is set to '1', RD2 becomes CMPB,
RD3 becomes REFB, ignoring the PORTD<3:2= data and
TRISD=3:2= register settings.
FIGURE 5-10: BLOCK DIAGRAM OF PORTD<1:0> PINS
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FIGURE 5-11:

PORTD DATA REGISTER

08h Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

PORTD RD7/ANT | RDE/ANG | RDS/ANS | RD4/AN4 | RD3/REFB | RDZ/ICMPB | RD1/SDAB | RDOVSCLE

Read/Write RW R R RW RW RW RW RW

POR value xxh X X X X X X X X

Bit Name Function

87 RD7/ANT GPIO or analog input. Returns value on pin RDT/ANT when used as a digital
input. When configured as an analog input, reads as 0"

B6 RD&/ANG GPIO or analog input. Returns value on pin RDB/ANGE when used as a digital
input. When configured as an analog input, reads as ‘0"
GPIO or analog input. This pin ean connect to a level shift network. If

BS ROSANS enabled, a +0.5V offset is added to the input voltage. When configured as
an analog input, reads as ‘'0°.

B4 RD4/ANS GPIO or analog input. Returns value on pin RD4/AN4 when used as a digital
input. When configured as an analog input, reads as 0"

B3 RD3/REFB This pin can serve as a GPIO, or programmable reference B output.

B2 RO2/CMPB This pin can serve as a GPIO, or comparator B output.
Alternate synchronous serial data 1/O for 12C interface enabled by setting

B1 RD1/SDAB the I?CSEL bit in the MISC register. This pin can also serve as a general
purpose |/O. This pin has an N-channel pull-up to VDD which is disabled in
I°C mode.
Alternate synchronous serial clack for I°C interface, enabled by setting the
IZCSEL bit in the MISC register. This pin can also serve as a general pur-

B0 RDSCLA pose /0. This pin has an N-Channel pull-up to VDD which is disabled in 2C
maode.

Legend: U = unimplemented, read as '0°, x = unknown.




