
Microchip Technology - PIC14000-04/SS Datasheet

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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4.2.2.3 INTCON REGISTER

The INTCON Register is a readable and writable
register which contains the various enable and flag bits
for the Timer0 overflow and peripheral interrupts.
Figure 4-5 shows the bits for the INTCON register.

Note: The T0IF will be set by the specified
condition even if the corresponding Inter-
rupt Enable Bit is cleared (interrupt
disabled) or the GIE bit is cleared (all
interrupts disabled). Before enabling
interrupt, clear the interrupt flag, to ensure
that the program does not immediately
branch to the peripheral interrupt service
routine 

FIGURE 4-5: INTCON REGISTER 

GIE     PEIE     T0IE        r

R/W     R/W      R/W       R/W    R/W    R/W    R/W     R/W W: Writable
R: Readable
U: Unimplemented,

read as '0'

Register: INTCON
Address: 0Bh or 8Bh
POR value: 0000 000xb

T0IF:  TMR0 overflow interrupt flag

1 = The TMR0 has overflowed
 Must be cleared by software

0 = TMR0 did not overflow

T0IE:  TMR0 interrupt enable bit

1 = Enables T0IF interrupt
0 = Disables T0IF interrupt

PEIE:  Peripheral interrupt enable bit

1 = Enables all un-masked peripheral interrupts
0 = Disables all peripheral interrupts

GIE:  Global interrupt enable
1 = Enables all un-masked interrupts
0 = Disables all interrupts

bit7 bit0

  r   r   r  T0IF

Reserved. 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.

Reserved. 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.

Reserved. 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.

Reserved. 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.
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4.2.2.6 PCON REGISTER

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).

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.

Note: LVD is unknown on Power-on Reset. It
must then be set by the user and checked
on subsequent resets to see if LVD is
cleared, indicating a low voltage condition
has occurred.

FIGURE 4-8: PCON REGISTER 

bit7 bit0

 LVD   — POR 

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 occurred.

Reserved. Bit 7 is reserved. This bit should be 

R/W        R/WR/W     U    U            U         U           U

 r    —    —    —  — W: Writable
R: Readable
U: Unimplemented,

read as ‘0’

Register: PCON
Address: 8Eh
POR value:

0000_000xb

POR:  Power on Reset Flag
1 = A power on reset condition has not occurred. 

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

Reset must be due to some other source 
(WDT, MCLR).

programmed as ‘0’ . 

Unimplemented. Read as ‘0’

Unimplemented. Read as ‘0’

Unimplemented. Read as ‘0’

Unimplemented. Read as ‘0’

Unimplemented. Read as ‘0’
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4.4 Indirect Addressing, INDF and FSR 
Registers

The INDF register is not a physical register. Addressing
the INDF register will cause indirect addressing. 

Indirect addressing is possible by using the INDF
register. Any instruction using the INDF register
actually accesses data pointed to by the file select
register (FSR). Reading INDF itself indirectly will
produce 00h. Writing to the INDF register indirectly
results in a no-operation (although status bits may be
affected). An effective 9-bit address is obtained by
concatenating the 8-bit FSR register and the IRP bit
(STATUS<7>), as shown in Figure 4-10. 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.

EXAMPLE 4-2: INDIRECT ADDRESSING

movlw 0x20 ;initialize pointer

movf FSR ;to RAM

NEXT clrf INDF ;clear INDF register

incf FSR    ;inc pointer

btfss FSR,4 ;all done? 

goto NEXT ;no clear next

;yes continue
CONTINUE:

FIGURE 4-10:  INDIRECT/INDIRECT ADDRESSING

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

00
00 01 10 11

00

IRP 7 FSR 00

bank select location select

06 from opcode

location selectbank select

RP1 RP0

Indirect AddressingDirect Addressing

Data 
Memory

not used

Bank 0 Bank 1 Bank 2 Bank 3

7F7F
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TABLE 5-1: PORT RC0 PIN CONFIGURATION SUMMARY

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

 

RC0 Pin
Configuration

TRISC<0>
RCPU

OPTION<7>
CMAOE

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.

D Q

CK Q

D Q

CK Q

DQ

EN

Data
Bus

Write
PORTC

Write
TRISC

Read
TRISC

P I/O
Pin

VDD

Schmitt Trigger
Input Buffer

RCPU

DQ

EN

Read
PORTC

Read PORTC
From other
PORTC pins 

Set
RCIF

1. I/O pins have protection diodes to VDD and VSS.

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

HIBERNATE
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If the CMBOE bit (CMCON<5>) is set, the RD3/REFB
pin becomes the programmable reference B output
and pin RD2/CMPB becomes the comparator B output.

PORTD<1:0> also serve multiple functions. These pins
act as the I2C data and clock lines when the I2C module
is enabled. 

The TRISD register controls the direction of the Port D
pins. A ‘1’ in each location configures the
corresponding port pin as an input. Upon reset, this
register sets to FFh, meaning all PORTD 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 VDD and VSS. 

EXAMPLE 5-3:  INITIALIZING PORTD

Note: Setting CMBOE changes the definition of
RD3/REFB and RD2/CMPB, bypassing
the PORTD data and TRISD register set-
tings.

CLRF PORTD ; Initialize PORTD data

; latches before setting

; the data direction

; register

BSF STATUS, RP0 ; Select Bank1

MOVLW 0xFF ; Value used to initialize

; data direction

MOVWF TRISD ; Set RD<7:0> as inputs

5.4 I/O Programming Considerations

5.4.1 BI-DIRECTIONAL I/O PORTS

Reading the port register reads the values of the port
pins. Writing to the port register writes the value to the
port latch. Some instructions operate internally as
read-modify-write. The BCF and BSF instructions, for
example, read the register into the CPU, execute the bit
operation, and write the result back to the register.
Caution must be used when these instructions are
applied to a port with both inputs and outputs defined.
For example, a BSF operation on bit5 of PORTC will
cause all eight bits of PORTC to be read into the CPU.
Then the BSF operation takes place on bit5 and
PORTC is written to the output latches. If another bit of
PORTC is used as a bi-directional I/O pin (say bit0) and
it is defined as an input at this time, the input signal
present on the pin itself would be read into the CPU
and re-written to the data latch of this particular pin,
overwriting the previous content. As long as the pin
stays in the input mode, no problem occurs. However,
if bit0 is switched into output mode later on, the content
of the data latch may now be unknown. 

A pin actively outputting a LOW or HIGH should not be
driven from external devices at the same time in order
to change the level on this pin (“wire-or”, “wire-and”).
The resulting high output currents may damage the
chip. 

Example 5-4 shows the effect of two sequential read
modify write instructions (ex. BCF, BSF, etc.) on an I/O
Port.

EXAMPLE 5-4: READ MODIFY WRITE 
INSTRUCTIONS ON AN    
I/O PORT

;
;
Initial PORT settings: PORTC<7:4> Inputs

; PORTC<3:0> Outputs
;
;
PORTC<7:6> have external pull-up and are not
connected to other circuitry

;
; PORT latch PORT pins
; ---------- ----------

BCF PORTC, 7 ;01pp pppp 11pp pppp
BCF PORTC, 6 ;10pp pppp 11pp pppp
BSF STATUS,RP0 ;
BCF TRISC, 7 ;10pp pppp 11pp pppp
BCF TRISC, 6 ;10pp pppp 10pp pppp

;
;Note that the user may have expected the pin
;values to be 00pp pppp. The 2nd BCF caused 
;RC7 to be latched as the pin value (High).
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5.4.2 SUCCESSIVE OPERATIONS ON I/O 
PORTS

The actual write to an I/O port happens at the end of an
instruction cycle, whereas for reading, the data must be
valid at the beginning of the instruction cycle.
Therefore, care must be exercised if a write operation
is followed by a read operation on the same I/O port.

The sequence of instructions should be such to allow
the pin voltage to stabilize before the next instruction
which causes that port to be read into the CPU is
executed. Otherwise, the previous state of that pin may
be read into the CPU rather than the new state. When
in doubt, it is better to separate these instructions with
a NOP or another instruction not accessing this I/O
port.

FIGURE 5-13: SUCCESSIVE I/O OPERATION

Q1  |  Q2  |  Q3  |  Q4

PC PC + 2PC + 1 PC + 3

MOVWF PORTC
Write to PORTC

MOVF PORTC, W
Read PORTC

NOP NOP

RC<x>

Port pin sampled
here

Execute MOVWF
PORTC

Pin values

Execute MOVF
PORTC, W

Execute NOP

Example showing write to PORTC followed by immediate read. Some delays in settling may cause “old”
Port data to be read, especially at higher clock frequencies. Data setup time = (0.25 Tcyc- Tpd), where
Tcyc = instruction cycle time.

 Q1  |   Q2  |  Q3  |  Q4  Q1  |  Q2   |   Q3   |   Q4 Q1  |  Q2  |  Q3  |  Q4
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7.5.1.1 ADDRESSING

Once the I2C module has been enabled, the I2C waits
for a START to occur. Following the START, the 8-bits
are shifted into the I2CSR. All incoming bits are
sampled with the rising edge of the clock (SCL) line.
The I2CSR<7:1> is compared to the I2CADD register.
The address is compared on the falling edge of the
eighth clock (SCL) pulse. If the addresses match, and
the BF and I2COV bits are clear, the following things
happen:

•  I2CSR loaded into I2CBUF
• Buffer Full (BF) bit is set
• ACK pulse is generated
•  I2C Interrupt Flag (I2CIF) is set (interrupt is 

generated if enabled (I2CIE set) on falling edge of 
ninth SCL pulse.

In 10-bit address mode, two address bytes need to be
received by the slave (Figure 7-5). The five most
significant bits (MSbs) of the first address byte specify
if this is a 10-bit address. The R/W bit (bit 0) must
specify a write, so the slave device will received the
second address byte. For a 10-bit address the first byte
would equal ‘1 1 1 1  0 A9 A8 0’, where A9 and A8 are
the two MSbs of the address. The sequence of events
for 10-bit address are as follows, with steps 7-9 for
slave-transmitter:

1. Receive first (high) byte of address (I2CIF, BF
and UA are set).

2. Update I2CADD with second (low) byte of
address (clears UA and releases SCL line).

3. Read I2CBUF (clears BF) and clear I2CIF.

4. Receive second (low) byte of address (I2CIF, BF
and UA are set).

5. Update I2CADD with first (high) byte of address
(clears UA, if match releases SCL line).

6. Read I2CBUF (clears BF) and clear I2CIF
7. Receive Repeated START.
8. Receive first (high) byte of address (I2CIF and

BF are set).
9. Read I2CBUF (clears BF) and clear I2CIF.

7.5.1.2 RECEPTION

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the I2CSTAT
register is cleared. The received address is loaded into
the I2CBUF.

When the address byte overflow condition exists then
no acknowledge (ACK) pulse is given. An overflow
condition is defined as either the BF bit (I2CSTAT<0>)
is set or the I2COV bit (I2CCON<6>) is set
(Figure 7-14).

An I2CIF interrupt is generated for each data transfer
byte. The I2CIF bit must be cleared in software, and the
I2CSTAT register is used to determine the status of the
byte. In master mode with slave enabled, three inter-
rupt sources are possible. Reading BF, P and S will
indicate the source of the interrupt. 

Caution: BF is set after receipt of eight bits and auto-
matically cleared after the I2CBUF is read.
However, the flag is not actually cleared
until receipt of the acknowledge pulse. Oth-
erwise extra reads appear to be valid.

FIGURE 7-14: I2C WAVEFORMS FOR RECEPTION (7-BIT ADDRESS)

P98765

D0D1D2D3D4D5D6D7

S

A7 A6 A5 A4 A3 A2 A1SDA

SCL 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4

Bus Master
terminates
transfer

I2COV is set
because I2CBUF is

Cleared in software
I2CBUF is read

ACK Receiving DataReceiving Data

D0D1D2D3D4D5D6D7ACK

Receiving Address

I2CIF (PIR1<3>)

BF (I2CSTAT<0>)

I2COV (I2CCON<6>)

ACK

R/W=0

still full. ACK is not sent.
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Caution:

 

Reading or writing the ADTMR register
during an A/D conversion cycle can pro-
duce unpredictable results and is not
recommended. 

During conversion one or both of the following events
will occur:

1. capture event
2. timer overflow

In a capture event, the comparator trips when the slope
voltage on the CDAC output exceeds the input voltage,
causing the comparator output to transition from high to
low. This causes a transfer of the current timer count to
the capture register and sets the ADCIF flag
(PIR1<1>).

 

Note:

 

The correct sequence for writing the
ADTMR register is HI byte followed by LO
byte. Reversing this order will prevent the
A/D timer from running.

A CPU interrupt will be generated if bit ADCIE
(PIE1<1>) is set to ‘1’ (interrupt enabled). In addition,
the Global Interrupt Enable and Peripheral Interrupt
Enables (INTCON<7,6>) must also be set. Software is
responsible for clearing the ADCIF flag prior to the next
conversion cycle. Note that this interrupt can only occur
once per conversion cycle.

In a timer overflow condition, the timer rolls over from
FFFFh to 0000h, and a capture overflow flag (OVFIF)
is asserted (PIR1<0>). The timer continues to incre-
ment following a timer overflow. A CPU interrupt can be
generated if bit OVFIE (PIE1<0>) is set (interrupt
enabled). In addition, the Global Interrupt Enable and
Peripheral Interrupt Enables (INTCON<7,6>) must also
be set. Software is responsible for clearing the OVFIF
flag prior to the next conversion cycle.

 

FIGURE 8-1: A/D BLOCK DIAGRAM

(nominal)

ADOFF
WRITE_TMR

OSC1

1

0

FOSC 
(Configuration Bit)

Internal

ADTMRH ADTMRL

Clock
Stop
Logic

Timer

(OVFIF, PIR1<0>)

ADCAPH ADCAPL

Oscillator

Analog
MuxProg. Ref. A

7
6
5
4
3
2
1
0

Temp sensor
SREFLO
SREFHI

RA2/AN2
RA1/AN1
RA0/AN0

A/D Capture

A/D
Capture Interrupt

ADOFF

CDAC

~2.5uA~5uA~10uA~20uA

ADCON1<7:4>
0.1µF 

ADRST (ADCON0<1>)

RA3/AN3

8

~100 Ω

ADOFF

Bandgap Ref.

Prog. Ref. B 9

~ 1 kohm

RD4/AN4
RD5/AN5
RD6/AN6
RD7/AN7

10
11
12
13

RESERVED
RESERVED

14
15

AMUXOE

(ADCIF, PIR1<1>)

Overflow

Internal
Data
Bus

ADRST

4

Note 2

Note 1:  All current sources are disabled if ADRST = ‘1’ 

Note 2: Approximately 3.5 microsecond time constant

Note 1

4-Bit Current DAC

ADCON0<7:4>

(SLPCON<0>)

(ADCON0<2>)
RA0/AN0
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Two registers PREFA (9Bh) and PREFB (9Ch) are
used to select the reference output voltages. The
PREFx<7:3> bits select the output from the coarse lad-
der, while PREFx<2:0> bits are for the fine-tune adjust-
ment. Table 9-1 and Table 9-2 show the reference
decoding. 

These voltages are visible at either RC0/REFA or
RD3/REFB pins by setting the CMAOE (CMCON<1>)
or CMBOE (CMCON<5>) bits. Setting CMxOE does
not affect the reference voltages. It only enables the pin
function regardless of the port TRIS register setting.
These outputs are not buffered, so they cannot directly
drive any DC loads. 

The reference outputs are also connected to two inde-
pendent comparators, COMPA and COMPB. Thus, the
references can be used to set the comparator trip-
points. The A/D converter can also monitor the refer-
ence outputs via A/D channels 8 and 9. Refer to
Section 8 for the description of the A/D operation.

The programmable reference output is designed to
track the output from the level shift network. However,
there will always be some mismatch due to component
drift. For best accuracy, the A/D should be used to peri-
odically calibrate the references to the desired
set-point.

 

FIGURE 9-3: COMPARATOR AND PROGRAMMABLE REFERENCE BLOCK DIAGRAM 
(ONE OF TWO SHOWN)

From AN1 Level
Shift Network

CMOFF

RC1/CMPA or

RC0/REFA or

~5 µA

PREFx<7:3>

 PREFx<7:3>

CPOLx

To A/D
Converter

Analog
Mux

(1 of 32) 

Analog
Mux

(1-of-8) 

PREFx<2:0>

~0.15V

~0.85V

Fine Tune AdjustCoarse Adjust

To CMxOUT bit,
CMCON register_

+

Programmable

Analog
Mux

(1 of 32) 
RD3/REFB

CMxOE

RD2/CMPB

From Other
Comparator

CMIF bit
PIR1<7>

Reference

From AN5 Level
Shift Network

CMBOE

Channel B only
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10.4 Low-Voltage Detector

 

The PIC14000 contains an integrated low-voltage
detector. The supply voltage is divided and compared
to the bandgap reference output. If the supply voltage
(V

 

DD

 

) falls below V

 

TRIP

 

-, then the low-voltage detector
will cause LVD (PCON<0>) to be reset. This bit can be
read by software to determine if a low voltage condition
occurred. This bit must be set by software.

The nominal values of the low-voltage detector trip
points are as follows:

• V

 

TRIP

 

- = 2.55V
• V

 

TRIP

 

+ = 2.60V
• Hysteresis (V

 

TRIP

 

+  –  V

 

TRIP

 

-) = 55 mV

 

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

 

10.5.1 POWER-ON RESET (POR)

A Power-on Reset pulse is generated on-chip when
V

 

DD

 

 rise is detected (in the range of 1.5V - 2.1V). To
take advantage of the POR, just tie the MCLR pin
directly (or through a resistor) to V

 

DD

 

. This will elimi-
nate external RC components usually needed to create
a Power-on Reset. A maximum rise time for V

 

DD

 

 is
specified. See Electrical Specifications for details.

When the device starts normal operation (exits the
reset condition), device operating parameters (voltage,
frequency, temperature, ...) must be met to ensure
operation. If these conditions are not met, the device
must be held in reset until the operating conditions are
met.

For additional information, refer to Application Note
AN607, “

 

Power-up Trouble Shooting

 

.”

10.5.2 POWER-UP TIMER (PWRT)

The Power-up Timer provides a fixed 72 ms (nominal)
time-out on power-up only, from POR. The power-up
timer operates from a local internal oscillator. The chip
is kept in reset as long as PWRT is active. The PWRT
delay allows the V

 

DD

 

 to rise to an acceptable level. A
configuration bit, PWRTE, can disable (if set, or unpro-
grammed) or enable (if cleared, or programmed) the
power-up timer.

The power-up timer delay will vary from chip to chip
and due to V

 

DD

 

 and temperature.

10.5.3 OSCILLATOR START-UP TIMER (OST)

The Oscillator Start-up Timer (OST) provides 1024
oscillator cycles (from OSC1 input) delay after the
PWRT delay is over. This guarantees that the crystal
oscillator or resonator has started and stabilized.

10.5.4 IN OSCILLATOR START-UP

There is an 8-cycle delay in IN mode to ensure stability
only after a Power-on Reset (POR) or wake-up from
SLEEP.

 

TABLE 10-3: STATUS BITS AND THEIR SIGNIFICANCE

 

POR TO PD Meaning

 

0 1 1

 

Power-On Reset

 

0 0 X

 

Illegal, TO is set on POR

 

0 X 0

 

Illegal, PD is set on POR

 

1 0 1

 

WDT reset during normal operation

 

1 0 0

 

WDT time-out wakeup from sleep

 

1 1 1

 

MCLR reset during normal operation

 

1 1 0

 

MCLR reset during SLEEP or HIBERNATE, or interrupt wake-up from 
SLEEP or HIBERNATE.



 
PIC14000

 

DS40122B-page  80

 

Preliminary

 



 

 1996 Microchip Technology Inc.

 

10.5.5 TIMEOUT SEQUENCE

On power-up the time-out sequence is as follows: First
the PWRT time-out is invoked after POR has expired.
The OST is activated only in HS (crystal oscillator)
mode. The total time-out will vary based on the oscilla-
tor configuration and PWRTE status. For example, in
IN mode, with PWRTE unprogrammed (PWRT dis-
abled), there will be no time-out delay at all.
Figure 13-4 depicts the power-on reset time-out
sequences.

Table 10-4 shows the reset conditions for some special
registers, while Table 10-5 shows the reset conditions
for all registers.

 

FIGURE 10-8: EXTERNAL POWER-ON 
RESET CIRCUIT (FOR SLOW 
V

 

DD

 

 POWER-UP)

1. External power-on reset circuit is required
only if VDD power-up slope is too slow. The
diode D helps discharge the capacitor
quickly when VDD powers down.

2. R < 40 KΩ is recommended to make sure
that voltage drop across R does not exceed
0.2V (max leakage current spec on MCLR
pin is 5 µA). A larger voltage drop will
degrade VIH level on MCLR pin.

3. R1 = 100 Ω to 1 KΩ will limit any current
flowing into MCLR from external capacitor C
in the event of MCLR pin breakdown due to
ESD or EOS.

PIC14000

MCLR

VDD

D

C

R1

R

VDD

 

TABLE 10-4: RESET CONDITION FOR SPECIAL REGISTERS

 

Legend: u = unchanged
x = unknown
- = unimplemented, read as ‘0’

Note 1: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector 
(0004h).

 

Condition PCL
Addr: 02h

STATUS
Addr: 03h

PCON
Addr: 8Eh

 

Power-on Reset 000h

 

0001 1xxx 0--- --0x

 

MCLR reset during normal operation 000h

 

0001 1uuu u--- --ux

 

MCLR reset during SLEEP 000h

 

0001 0uuu u--- --ux

 

WDT reset during normal operation 000h

 

0000 1uuu u--- --ux

 

WDT during SLEEP PC + 1

 

uuu0 0uuu u--- --ux

 

Interrupt wake-up from SLEEP PC + 1

 

(1)

 

uuu1 0uuu u--- --ux
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FIGURE 10-13: WAKE-UP FROM SLEEP AND HIBERNATE THROUGH INTERRUPT

Note 1: HS oscillator mode assumed.
2: TOST = 1024 TOSC (drawing not to scale). This delay will be 8 TOSC for IN osc mode.
3: GIE = 1 assumed. In this case after wake up processor jumps to interrupt routine. If GIE = 0, execution will continue in line.
4: CLKOUT is not available in these osc modes, but shown here for timing reference.
5: Refer to Section 10.8 for sources.

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

OSC1

CLKOUT(4)

INTERRUPT

GIE bit
(INTCON<7>)

INSTRUCTION FLOW

PC

Instruction
fetched

Instruction
executed

PC PC+1 PC+2

Inst(PC) = SLEEP

Inst(PC - 1)

Inst(PC + 1)

SLEEP

Processor in

SLEEP

Interrupt Latency
(Note 2)

Inst(PC + 2)

Inst(PC + 1)

Inst(0004h) Inst(0005h)

Inst(0004h)Dummy cycle

PC + 2 0004h 0005h

Dummy cycle

TOST(2)

Flag (5)

10.9 Code Protection

The code in the program memory can be protected by
programming the code protect bits. When code
protected, the contents of the program memory cannot
be read out. In code-protected mode, the configuration
word (2007h) will not be scrambled, allowing reading of
all configuration bits.

10.10 In-Circuit Serial Programming

PIC14000 can be serially programmed while in the end
application circuit. This is simply done with two lines for
clock and data, and three other lines for power, ground
and the programming voltage. This allows customers to
manufacture boards with unprogrammed devices, and
then program the microcontroller just before shipping
the product. This allows the most recent firmware or a
custom firmware to be programmed.

The device is placed into a program/verify mode by
holding the RC6/SCL and RC7/SDA pins low while
raising the MCLR (VPP) pin from VIL to VIH. RC6 then
becomes the programming clock and RC7 becomes
the programmed data. Both RC6 and RC7 are Schmitt
trigger inputs in this mode.

After reset, to place the device into programming/verify
mode, the program counter (PC) is at location 00h. A
6-bit command is then supplied to the device.
Depending on the command, 14-bits of program data
are then supplied to or from the device. For complete
details about serial programming, please refer to the
PIC16C6X/7X Programming Specifications (Literature
#DS30228). 

A typical in-system serial programming connection is
shown in Figure 10-14.

FIGURE 10-14: TYPICAL IN-SYSTEM SERIAL 
PROGRAMMING 
CONNECTION

External
Connector
Signals

To Normal
Connections

To Normal
Connections

PIC14000
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VSS

MCLR/VPP

RC6

RC7

+5V

0V

Vpp

CLK

Data I/O

VDD
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11.1 Instruction Descriptions 

 

ADDLW Add Literal and W

 

Syntax: [

 

 label

 

 ]  ADDLW     k

Operands: 0 

 

≤

 

 k 

 

≤

 

 255

Operation: (W) + k 

 

→

 

 (W)

Status Affected: C, DC, Z

Encoding:

 

11 111x kkkk kkkk

 

Description:

 

The contents of the W register are 
added to the eight bit literal 'k' and the 
result is placed in the W register

 

.

Words: 1

Cycles: 1

Example

 

ADDLW 0x15

 

Before Instruction

 

W = 0x10

 

After Instruction

 

W = 0x25

 

ADDWF Add W and f

 

Syntax: [ 

 

label 

 

]  ADDWF     f,d

Operands: 0 

 

≤

 

 f 

 

≤

 

 127
d 

 

∈ [0,1]

 

Operation: (W) + (f) 

 

→

 

 (dest)

Status Affected: C, DC, Z

Encoding:

 

00 0111 dfff ffff

 

Description:

 

Add the contents of the W register 
with register 'f'. If 'd' is 0 the result is 
stored in the W register. If 'd' is 1 the 
result is stored back in register 'f'

 

.

Words: 1

Cycles: 1

Example

 

ADDWF FSR, 0

 

Before Instruction

 

W = 0x17
FSR = 0xC2

 

After Instruction

 

W = 0xD9
FSR = 0xC2

 

ANDLW And Literal with W

 

Syntax: [ 

 

label 

 

]  ANDLW     k

Operands: 0 

 

≤

 

 k 

 

≤

 

 255

Operation: (W) .AND. (k) 

 

→

 

 (W)

Status Affected: Z

Encoding:

 

11 1001 kkkk kkkk

 

Description:

 

The contents of W register are 
AND’ed with the eight bit literal 'k'. The 
result is placed in the W register

 

.

Words: 1

Cycles: 1

Example

 

ANDLW 0x5F

 

Before Instruction

 

W = 0xA3

 

After Instruction

 

W = 0x03

 

ANDWF AND W with f

 

Syntax: [ 

 

label 

 

]  ANDWF     f,d

Operands: 0 

 

≤

 

 f 

 

≤

 

 127
d 

 

∈ [0,1]

 

Operation: (W) .AND. (f) 

 

→

 

 (dest)

Status Affected: Z

Encoding:

 

00 0101 dfff ffff

 

Description:

 

AND the W register with register 'f'. If 
'd' is 0 the result is stored in the W 
register. If 'd' is 1 the result is stored 
back in register 'f'

 

.

Words: 1

Cycles: 1

Example

 

ANDWF FSR, 1

 

Before Instruction

 

 W = 0x17
FSR = 0xC2

 

After Instruction

 

W = 0x17
FSR = 0x02
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MPASM allows full symbolic debugging from
the Microchip Universal Emulator System 
(PICMASTER).

MPASM has the following features to assist in develop-
ing software for specific use applications.

• Provides translation of Assembler source code to 
object code for all Microchip microcontrollers.

• Macro assembly capability.
• Produces all the files (Object, Listing, Symbol, 

and special) required for symbolic debug with 
Microchip’s emulator systems.

• Supports Hex (default), Decimal and Octal 
source and listing formats.

MPASM provides a rich directive language to support
programming of the PIC16/17. Directives are helpful in
making the development of your assemble source
code shorter and more maintainable.

 

12.11 Software Simulator (MPLAB-SIM)

 

The MPLAB-SIM Software Simulator allows code
development in a PC host environment. It allows the
user to simulate the PIC16/17 series microcontrollers
on an instruction level. On any given instruction, the
user may examine or modify any of the data areas or
provide external stimulus to any of the pins. The input/
output radix can be set by the user and the execution
can be performed in; single step, execute until break,
or in a trace mode.

MPLAB-SIM fully supports symbolic debugging using
MPLAB-C and MPASM. The Software Simulator offers
the low cost flexibility to develop and debug code out-
side of the laboratory environment making it an excel-
lent multi-project software development tool.

 

12.12 C Compiler (MPLAB-C)

 

The MPLAB-C Code Development System is a com-
plete ‘C’ compiler and integrated development environ-
ment for Microchip’s PIC16/17 family of
microcontrollers. The compiler provides powerful inte-
gration capabilities and ease of use not found with
other compilers.

For easier source level debugging, the compiler pro-
vides symbol information that is compatible with the
MPLAB IDE memory display (PICMASTER emulator
software versions 1.13 and later).

 

12.13 Fuzzy Logic Development System 
(

 

fuzzy

 

TECH-MP)

 

fuzzy

 

TECH-MP fuzzy logic development tool is avail-
able in two versions - a low cost introductory version,
MP Explorer, for designers to gain a comprehensive
working knowledge of fuzzy logic system design; and a
full-featured version, 

 

fuzzy

 

TECH-MP, edition for imple-
menting more complex systems.

Both versions include Microchip’s 

 

fuzzy

 

LAB

 



 

 demon-
stration board for hands-on experience with fuzzy logic
systems implementation.

 

12.14 MP-DriveWay

 



 

 – Application Code 
Generator

 

MP-DriveWay is an easy-to-use Windows-based Appli-
cation Code Generator. With MP-DriveWay you can
visually configure all the peripherals in a PIC16/17
device and, with a click of the mouse, generate all the
initialization and many functional code modules in C
language. The output is fully compatible with Micro-
chip’s MPLAB-C C compiler. The code produced is
highly modular and allows easy integration of your own
code. MP-DriveWay is intelligent enough to maintain
your code through subsequent code generation.

 

12.15 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.

 

12.16 TrueGauge

 



 

 Intelligent Battery 
Management

 

The TrueGauge development tool supports system
development with the MTA11200B TrueGauge Intelli-
gent Battery Management IC. System design verifica-
tion can be accomplished before hardware prototypes
are built. User interface is graphically-oriented and
measured data can be saved in a file for exporting to
Microsoft Excel.

 

12.17 K

 

EE

 

L

 

OQ

 



 

 Evaluation and 
Programming Tools

 

K

 

EE

 

L

 

OQ

 

 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.
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A.6 PIC16C8X Family of Devices
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A.7 PIC16C9XX Family Of Devices
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168-1, Youngbo Bldg. 3 Floor
Samsung-Dong, Kangnam-Ku
Seoul, Korea 135-882
Tel: 82-2-554-7200  Fax: 82-2-558-5934
Singapore
Microchip Technology Singapore Pte Ltd.
200 Middle Road
#07-02 Prime Centre
Singapore, 188980
Tel:  65-6334-8870  Fax: 65-6334-8850
Taiwan
Microchip Technology Taiwan
11F-3, No. 207
Tung Hua North Road
Taipei, 105, Taiwan
Tel: 886-2-2717-7175  Fax: 886-2-2545-0139

EUROPE
Denmark
Microchip Technology Nordic ApS
Regus Business Centre
Lautrup hoj 1-3
Ballerup DK-2750 Denmark
Tel: 45 4420 9895 Fax: 45 4420 9910
France
Microchip Technology SARL
Parc d’Activite du Moulin de Massy
43 Rue du Saule Trapu
Batiment A - ler Etage
91300 Massy, France
Tel: 33-1-69-53-63-20  Fax: 33-1-69-30-90-79
Germany
Microchip Technology GmbH
Gustav-Heinemann Ring 125
D-81739 Munich, Germany
Tel: 49-89-627-144 0  Fax: 49-89-627-144-44
Italy
Microchip Technology SRL
Centro Direzionale Colleoni 
Palazzo Taurus 1 V. Le Colleoni 1
20041 Agrate Brianza
Milan, Italy 
Tel: 39-039-65791-1  Fax: 39-039-6899883
United Kingdom
Arizona Microchip Technology Ltd.
505 Eskdale Road
Winnersh Triangle
Wokingham 
Berkshire, England RG41 5TU
Tel: 44 118 921 5869 Fax: 44-118 921-5820
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