Microchip Technology - PIC14000-04/SS Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity
Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type
Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

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"

Active

PIC
8-Bit
4MHz
12C

POR, Temp Sensor, WDT

20

7KB (4K x 14)
oTP

192x 8

2.7V ~ 6V
Slope A/D
Internal

0°C ~ 70°C (TA)

Surface Mount

28-SSOP (0.209", 5.30mm Width)
28-SSOP

https://www.e-xfl.com/product-detail/microchip-technology/pic14000-04-ss

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/pic14000-04-ss-4423031
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

P1C14000

NOTES:
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4.2.2.3 INTCON REGISTER

Note: The TOIF will be set by the specified
The INTCON Register is a readable and writable contdltg)n g\llenéf.tthe.z corlresp%ndlpgt Inter-t
register which contains the various enable and flag bits (er.jp bl ga € h ! GllsE E.ea're | iz ((ajrrup"
for the TimerO overflow and peripheral interrupts. .|sa =) O:j.t %I d étfls cleare bl'(a
Figure 4-5 shows the bits for the INTCON register. !nterrupts Isabie ): etore - enabiing
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
RW R/W R/W RW RW RW RW R/W Register: INTCON | W:  Writable
Address: 0Bhor 8Bh| R:  Readable
GIE | PEIE | TOIE r L r POR value: 0000 000xb| U:  Unimplemented,
bit7 bito read as '0'

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.

TOIF: TMRO overflow interrupt flag

1 = The TMRO has overflowed
Must be cleared by software
0 = TMRO did not overflow

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.

TOIE: TMRO interrupt enable bit

1 = Enables TOIF interrupt

0 = Disables TOIF 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

00 1996 Microchip Technology Inc.
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4.2.2.6 PCON 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: 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

R/IW U U U U U R/IW R/W
r _ _ _ _ _ POR VD Register: PCON W: Writable
. Address:  8Eh R: Readable
bit7 bit0  |POR value: U: Unimplemented,
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 occurred.

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 occurred.

Unimplemented. Read as ‘0’

Unimplemented. Read as ‘0’

Unimplemented. Read as ‘0’

Unimplemented. Read as ‘0’

Unimplemented. Read as ‘0’

Reserved. Bit 7 is reserved. This bit should be
programmed as ‘0’ .
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4.4 Indirect Addressing, INDF and FSR EXAMPLE 4-2: INDIRECT ADDRESSING
Registers moviw  0x20 ;initialize pointer

The INDF register is not a physical register. Addressing movf  FSR ;to RAM _
the INDF register will cause indirect addressing. NEXT clrf. INDF - jclear INDF register
Indirect addressing is possible by using the INDF 'btnfo ,EiR 4 f'lnlc ZOI n;er
register. Any instruction using the INDF register SS R ja one:
actually accesses data pointed to by the file select goto  NEXT  ;no clear next
register (FSR). Reading INDF itself indirectly will . ;yes continue
produce 00h. Writing to the INDF register indirectly CCNTENCE
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.
FIGURE 4-10: INDIRECT/INDIRECT ADDRESSING

Direct Addressing Indirect Addressing

RP1 RPO 6 from opcode 0 IRP 7 FSR 00
- J v J
bank select location select | bank select location select
\ > 00 01 10 n <’
00 00
Data notjused
Memory
7F 7F
Bank0 Bank1l Bank2 Bank3

Note: For memory map detail see Figure 4-1.
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TABLE 5-1: PORT RCO PIN CONFIGURATION SUMMARY

RCO Pin RCPU CMAOE
Configuration TRISC<0>| 5pTi0N<7> | CMCON<1> Comment

0 0

Digital Input (weak pull-up)

1
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 5-4: BLOCK DIAGRAM OF PORTC<5:4> PINS

RCPU
HIBERNATE VDD_
Data LO—
Bus D Q
. RS —
Write K Q
PORTC
b Q
Write >_C\K_ 5 Schmitt Trigger §
TRISC Input Buffer
Read
TRISC
[ Q D
Read
PORTC ] EN<
3 e
Set o D
RCIF Q

From other

PORTC pins EN Read PORTC

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.
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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.

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

PORTD<1:0> also serve multiple functions. These pins
act as the I°C data and clock lines when the 1°C 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
CLRF PCRID ; Initialize PORTD data
; | at ches before setting
the data direction
; regi ster
BSF STATUS, RP0 ; Sel ect Bankl

MOVLW OxFF ; Value used to initialize
; data direction
MOWWF TR SD ; Set RD<7:0> as inputs

5.4 I/O Programming Considerations

541 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> | nput s

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

; PORT latch PORT pins

BCF PCORTC, 7 ; Olpp pppp  11pp pppp
BCF PCRTC, 6 ; 10pp pppp  11pp pppp
BSF STATUS, RPO ;

BCF TRSC 7 ; 10pp pppp  11pp pppp
BOF TRSC 6 ; 10pp pppp  10pp pppp

; Note that the user may have expected the pin
; val ues to be 00pp pppp. The 2nd BCF caused
; RC7 to be latched as the pin value (H gh).

00 1996 Microchip Technology Inc.
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SUCCESSIVE OPERATIONS ON I/O
PORTS

5.4.2

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.

FIGURE 5-13: SUCCESSIVE I/0 OPERATION

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 1/0
port.

Tcyc = instruction cycle time.

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

Q11 Q2] Q3[Q4 Q1| Q2|Q3|Q4|Q1|Q2 | Q3| Q4|Q1] Q2] Q3| Q4

| PC PC+1

| PC+2 PC+3

MOVWF PORTC

Write to PORTC Read PORTC

MOVF PORTC, W

X
|

X
| NnoP l

NOP

RC<x> Pin values

C I

Execute MOVWF
PORTC

Execute MOVF
PORTC, W

Port pin sampled |
here [

I
| Execute NOP
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7511 ADDRESSING

Once the 1C 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 1°CSR<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:

+ I?CSR loaded into I°CBUF
« Buffer Full (BF) bit is set
* ACK pulse is generated

« 12C Interrupt Flag (I2CIF) is set (interrupt is
generated if enabled (IZCIE 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 ‘1111 0A9 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 (I12CIF, 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 I12CIF.

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

5. Update ICADD 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 (IZCIF and
BF are set).

9. Read I2CBUF (clears BF) and clear I°CIF.
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 1°CBUF.

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

An 12CIF interrupt is generated for each data transfer
byte. The I2CIF bit must be cleared in software, and the
[2CSTAT 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: 1°C WAVEFORMS FOR RECEPTION (7-BIT ADDRESS)

Receiving Address  R/W=0

1
scL 's!
Loa

I2CIF (PIR1<3>) ]

Receiving Data

SDA :: /AT RO BEXAAYA3XA2X AT, " o7 DeX D5\ DA D3N D2XD1XD0)\_/D7XD6XD5/ DAY D3KD2XDIXDY N :
|
|

ACK Receiving Data ACK

Bus Master

|
BF (I2CSTAT<0>) |—|T

terminates
transfer

I2COV (I2CCON<6>)

L‘— Cleared in software
I2CBUF is read

12covis set 4
because I2CBUF is
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.

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.

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

1.
2.
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

capture event
timer overflow

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.

the capture register and sets the ADCIF flag
(PIR1<1>).
FIGURE 8-1: A/D BLOCK DIAGRAM

osc1

ADOFF
WRITE_TMR
ADRST

Internal
Oscillator|

FOSC | .
(Configuration Bit)

Clock

Stop

Logic
AMUXOE

(ADCONO<2>) — .

RESERVED ——»
RESERVED —*
RD7/AN7 ——
RD6/AN6 —™
RD5/AN5 ——
RD4/AN4 ——»
Prog. Ref. B ——™

! ADOFF

n Note 2 '

—»| ADTMRH

<] RAO/ANO

v

| ADTMRL .
Timer

erflow

Prog. Ref. A ——
Temp sensor ——
SREFLO ——»
SREFHI ——»
Bandgap Ref. ——»
RA3/AN3 —
RA2/AN2 —»
RA1/AN1 —™
RAO/ANO ——

L
AID

%4
ADCONO<7:4>

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

ADOFF__-—»l l
(SLPCON<0>)

. ADCON1<7:4> ,
~100 Q ' '

A/D Capture

Capture Interrupt
(ADCIF, PIR1<1>)

|— ADRST (ADCONO<1>)
— — Note 1 Note 1: All current sources are disabled if ADRST = ‘1’
4-Bit Current DAC Note 2:  Approximately 3.5 microsecond time constant

| Over
(OVFIF, PIR1<0>)
| AbcapH |

2

ADCAPL |

A

Internal
Data
Bus
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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 RCO/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)

~5M+é
PREFx<7:3> !
|
Coarse Adjust + ! Fine Tune Adjust
~0.85V ;
. Analog !
. Mux . |_
® | (10f32) X RCO/REFA or
! Analog RD3/REFB
. : : Mux | ,XI
' o | (1-0f-8) |
% : g I
. Analog X * |
. Mux - PREFx<2:0> |
® | (1of32) , |
' l— — — CMxOE
~0.15V !
R : |
PREFx<7:3> : | To A
—— 0 | Converter
= Programmable | . )
Reference - I >
f To CMXOUT bit, |
Pmm m e —— - — . \ CMCON register | RC1/CMPA or
From AN1 Level | | RD2/CMPB
Shift Network | | '
T | T — zz
Fm— — — — — — — — - — — — — 4 : |
! CMBOE | :
| ‘,_l>g o | CPOLX
| ! ) i
| Lo I From Other CMIF bit
 From AN5S Level P I Comparator PIR1<7>
I Shift Network ' :
|
| Channel B only 1
ke e e e e e e e e e e e e e e e - — e —— - 4
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TABLE 10-3: STATUS BITS AND THEIR SIGNIFICANCE

py)

Meaning

Power-On Reset

llegal, TO is set on POR

llegal, PD is set on POR

WDT reset during normal operation

WDT time-out wakeup from sleep

MCLR reset during normal operation

R| ||| ol ol o O
R k| ol o x| o , 6'|
ol »r| o] k| o] x| - 8|

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

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
(VoD) falls below VTRIP-, 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:

¢ VTRIP- = 2.55V
¢ VTRIP+ = 2.60V
» Hysteresis (VTRIP+ — VTRIP-) = 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
VDD 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 VDD. This will elimi-
nate external RC components usually needed to create
a Power-on Reset. A maximum rise time for VDD 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
ANG607, “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 VDD 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 VDD 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.

00 1996 Microchip Technology Inc.
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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
VDD POWER-UP)

VDD VDD

R1
MCLR

C
—;l_ PIC14000

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

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

TABLE 10-4: RESET CONDITION FOR SPECIAL REGISTERS
Condition PCL STATUS PCON

Addr: 02h Addr: 03h Addr: 8Eh
Power-on Reset 000h 0001 1xxx 0--- -- 0x
MCLR reset during normal operation 000h 0001 luuu u--- -- ux
MCLR reset during SLEEP 000h 0001 Ouuu U--- -- ux
WDT reset during normal operation 000h 0000 1uuu u--- -- ux
WDT during SLEEP PC+1 uuuO Ouuu u--- -- ux
Interrupt wake-up from SLEEP pC +1® uuul Ouuu u--- -- ux

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).
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FIGURE 10-13: WAKE-UP FROM SLEEP AND HIBERNATE THROUGH INTERRUPT

' Q1l @2l @3l Q4! Q1l Q2| @3l Q4! il X

. o1l Q2 @3l @4, @1l Q21 @31q4; Q1l @2l Q3104 Q1l Q2| 3l Q4.

Refer to Section 10.8 for sources.

1 1 / | 1 1 1 1

CLKOUT(4)\ \ / \ : TosT(2)! N\ / \ N\
' ' ' ) , ' ' ' '
) ) . . L . . . ,
::l\llTEF;RUPT . . . /i \ \ Interrupt Latency: | |
ag (5) \ \ \ , ! ! (Note2) 1 ' !
GIE bit ) ) ) . ) ) \ ) ) )

5 _
(INTCON<7>1 : : rocessor In: : : : : :
1 1 1 SLEEP 1 1 1 1 1 1
INSTRUCTION FLOW X X . X X X X X
PC X PC X___PC+L X PC+2 X X PC+2 X ____0004h Y ____0005h J
Instruction ! |nsy(pc) = SLEEP,  Inst(PC +1) | . nstPC+2) | ' Inst(0004h) | Inst(000Sh) |
I ) ) , ) ) ) )
g;ségﬂ(t:ggn '\ Ins(PC-1) + SLEEP | ' Inst(PC+1) . Dummycycle + Dummycycle: |nst0004h)
Note HS oscillator mode assumed.

1
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

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 (VPpP) 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

iiﬂiVDD

To Normal
Connections

CONNECTION
: To Normal

External X Connections
Connector \ PIC14000
Signals :

v I VDD

oV f l Vss

Vpp— . MCLR/VPp

CLK— T RC6
Data I/O ; T RG7

00 1996 Microchip Technology Inc.

Preliminary

DS40122B-page 89



P1C14000

111 Instruction Descriptions

ADDLW Add Literal and W ANDLW And Literal with W
Syntax: [ label] ADDLW kK Syntax: [ label] ANDLW  k
Operands: 0<k<255 Operands: 0<k<255
Operation: W)+k - (W) Operation: (W) .AND. (k) - (W)
Status Affected: C,DC, Z Status Affected: Z
Encoding: |1 | anax | okkkk | kkkk | Encoding: | 11 | 1001 | Kkkik | kkik |
Description: The contents of the W register are Description: The contents of W register are
added to the eight bit literal 'k and the AND’ed with the eight bit literal 'k'. The
result is placed in the W register. result is placed in the W register.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Example ADDLW  0x15 Example ANDLW  Ox5F
Before Instruction Before Instruction
W = 0x10 W = OxA3
After Instruction After Instruction
W = 0x25 W = 0x03
ADDWF Add W and f ANDWF AND W with f
Syntax: [ label] ADDWF fd Syntax: [ label] ANDWF fd
Operands: 0=<f<127 Operands: 0<f<127
d 00,1] d 00,1]
Operation: (W) + (f) > (dest) Operation: (W) .AND. (f) - (dest)
Status Affected: C,DC,z Status Affected: Z
Encoding: | oo | owa | arff | feff | Encoding: | oo |ow1 |diff |fff |
Description: Add the contents of the W register Description: AND the W register with register 'f'. If
with register 'f'. If 'd" is O the result is 'd" is O the result is stored in the W
stored in the W register. If 'd' is 1 the register. If 'd" is 1 the result is stored
result is stored back in register 'f'. back in register 'f'.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Example ADDWF FSR O Example ANDWF  FSR 1
Before Instruction Before Instruction
W = 0x17 W = 0x17
FSR=  0xC2 FSR=  0xC2
After Instruction After Instruction
W = 0xD9 W = 0x17
FSR=  0xC2 FSR=  0x02
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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

(fuzzyTECH-MP)

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

Both versions include Microchip’s fuzzyl ABO demon-
stration board for hands-on experience with fuzzy logic
systems implementation.

12.14 MP-DriveWay[J — 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 Endurancel] 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 TrueGaugeU 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 KEeeLoo" Evaluation and
Programming Tools

KEELOQ 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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PIC16C8X Family of Devices
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PIC16C9XX Family Of Devices
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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 prod-
uct. 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 (602) 786-7578.

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

To:
RE:

From:

Technical Publications Manager Total Pages Sent
Reader Response

Name

Company
Address
City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) R

Application (optional):

Would you like a reply? Y N

Device: PIC14000 Literature Number: DS40122B

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 data sheet easy to follow? If not, why?

4. What additions to the data sheet do you think would enhance the structure and subject?

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

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

7. How would you improve this document?

8. How would you improve our software, systems, and silicon products?
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Note the following details of the code protection feature on PICmicro® MCUs.

The PICmicro family meets the specifications contained in the Microchip Data Sheet.

Microchip believes that its family of PICmicro microcontrollers is one of the most secure products of its kind on the market today,
when used in the intended manner and under normal conditions.

There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our knowl-
edge, require using the PICmicro microcontroller in a manner outside the operating specifications contained in the data sheet.
The person doing so may be engaged in theft of intellectual property.

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

Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not
mean that we are guaranteeing the product as “unbreakable”.

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of

our product.

If you have any further questions about this matter, please contact the local sales office nearest to you.

Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.

DNV Certification, Inc. DNV MSC
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