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

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

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

Device Program 
Memory

RAM  
Data

Memory

EEPROM 
Data

Memory

PIC16CE623 512x14 96x8 128x8

PIC16CE624 1Kx14 96x8 128x8

PIC16CE625 2Kx14 128x8 128x8
��  1998-2013 Microchip Technology Inc.
The PIC16CE62X devices contain an 8-bit ALU and
working register. The ALU is a general purpose
arithmetic unit. It performs arithmetic and Boolean
functions between data in the working register and any
register file.

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

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

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

A simplified block diagram is shown in Figure 3-1, with
a description of the device pins in Table 3-1.
DS40182D-page 7
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ON 

Description

Oscillator crystal input/external clock source input.

scillator crystal output. Connects to crystal or resonator 
in crystal oscillator mode. In RC mode, OSC2 pin outputs 
CLKOUT which has 1/4 the frequency of OSC1, and 
denotes the instruction cycle rate.

Master clear (reset) input/programming voltage input. 
This pin is an active low reset to the device. 

PORTA is a bi-directional I/O port.

Analog comparator input 

Analog comparator input 

Analog comparator input or VREF output

Analog comparator input /output

Can be selected to be the clock input to the Timer0
timer/counter or a comparator output. Output is open
drain type.

PORTB is a bi-directional I/O port. PORTB can be 
software programmed for internal weak pull-up on all 
inputs. 

RB0/INT can also be selected as an external
interrupt pin.

Interrupt on change pin.

Interrupt on change pin.

Interrupt on change pin. Serial programming clock.

Interrupt on change pin. Serial programming data.

round reference for logic and I/O pins.

ositive supply for logic and I/O pins.

tput P = power
ST = Schmitt Trigger input

gured as the external interrupt.
 in serial programming mode.
TABLE 3-1: PIC16CE62X PINOUT DESCRIPTI

Name
DIP/
SOIC
Pin #

SSOP
Pin #

I/O/P
Type

Buffer
Type

OSC1/CLKIN 16 18 I ST/CMOS

OSC2/CLKOUT 15 17 O � O

MCLR/VPP 4 4 I/P ST

RA0/AN0 17 19 I/O ST

RA1/AN1 18 20 I/O ST

RA2/AN2/VREF 1 1 I/O ST

RA3/AN3 2 2 I/O ST

RA4/T0CKI 3 3 I/O ST

RB0/INT 6 7 I/O TTL/ST(1)

RB1 7 8 I/O TTL

RB2 8 9 I/O TTL

RB3 9 10 I/O TTL

RB4 10 11 I/O TTL

RB5 11 12 I/O TTL

RB6 12 13 I/O TTL/ST(2)

RB7 13 14 I/O TTL/ST(2)

VSS 5 5,6 P � G

VDD 14 15,16 P � P

Legend: O = output I/O = input/ou
� = Not used I = Input
TTL = TTL input

Note 1: This buffer is a Schmitt Trigger input when confi
Note 2: This buffer is a Schmitt Trigger input when used
��  1998-2013 Microchip Technology Inc. DS40182D-page 9
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4.2.2.1 STATUS REGISTER

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

The STATUS register can be the destination for an
instruction, like any other register. If the STATU
register is the destination for an instruction that affec
the Z, DC or C bits, then the write to these three bits 
disabled. These bits are set or cleared according to th
device logic. Furthermore, the TO and PD bits are n
writable. Therefore, the result of an instruction with th
STATUS register as destination may be different tha
intended. 

For example, CLRF STATUS will clear the upper-thre
bits and set the Z bit.   This leaves the status register a
000uu1uu  (where u = unchanged).

REGISTER 4-1: STATUS REGISTER (ADDR

Reserved Reserved R/W-0 R-1 R-1

IRP RP1 RP0 TO PD
bit7

bit 7: IRP: The IRP bit is reserved on the PIC1

bit  6:5 RP<1:O>:  Register Bank Select bits (use
11  = Bank 3 (180h - 1FFh)
10  = Bank 2 (100h - 17Fh)
01  = Bank 1 (80h - FFh)
00  = Bank 0 (00h - 7Fh)
Each bank is 128 bytes. The RP1 bit is re

bit  4: TO: Time-out bit
1 = After power-up, CLRWDT instruction, 
0 = A WDT time-out occurred

bit  3: PD: Power-down bit
1 = After power-up or by the CLRWDT ins
0 = By execution of the SLEEP instruction

bit  2: Z: Zero bit
1 = The result of an arithmetic or logic op
0 = The result of an arithmetic or logic op

bit  1: DC: Digit carry/borrow bit (ADDWF, ADDL
1 = A carry-out from the 4th low order bit
0 = No carry-out from the 4th low order b

bit  0: C: Carry/borrow bit (ADDWF, ADDLW,SUB
1 = A carry-out from the most significant 
0 = No carry-out from the most significan
Note:  For borrow the polarity is reversed
second operand. For rotate (RRF, RLF) in
the source register.
��  1998-2013 Microchip Technology Inc.
It is recommended, therefore, that only BCF, BSF
SWAPF and MOVWF instructions are used to alter th
STATUS register, because these instructions do n
affect any status bit. For other instructions, not affectin
any status bits, see the �Instruction Set Summary�. 

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

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

 03H OR 83H)

/W-x R/W-x R/W-x

Z DC C R  =  Readable bit
W  =  Writable bit
U  =  Unimplemented bit, 

  read as �0�
-n  =  Value at POR reset
-x  =  Unknown at POR reset

bit0

62X, always maintain this bit clear. 

r direct addressing)

ed, always maintain this bit clear.

EEP instruction

ion

ion is zero
ion is not zero

BLW,SUBWF instructions) (for borrow the polarity is reversed
e result occurred
the result

,SUBWF instructions)
f the result occurred
of the result occurred
ubtraction is executed by adding the two�s complement of th
tions, this bit is loaded with either the high or low order bit 
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7.0 TIMER0 MODULE
The Timer0 module timer/counter has the followin
features:

� 8-bit timer/counter
� Readable and writable
� 8-bit software programmable prescaler
� Internal or external clock select
� Interrupt on overflow from FFh to 00h
� Edge select for external clock

Figure 7-1 is a simplified block diagram of the Time
module.

Timer mode is selected by clearing the T0CS b
(OPTION<5>). In timer mode, the TMR0 will increme
every instruction cycle (without prescaler). If Timer0 
written, the increment is inhibited for the following tw
cycles (Figure 7-2 and Figure 7-3). The user can wo
around this by writing an adjusted value to TMR0.

Counter mode is selected by setting the T0CS bit. 
this mode Timer0 will increment either on every risin
or falling edge of pin RA4/T0CKI. The incrementin
edge is determined by the source edge (T0SE) contr

FIGURE 7-1: TIMER0 BLOCK DIAGRAM    

FIGURE 7-2: TIMER0 (TMR0) TIMING: INTE

Note 1:  Bits T0SE, T0CS, PS2, PS1, PS0 and PSA
2: The prescaler is shared with Watchdog Tim

RA4/T0CKI

T0SE

0

1

   pin

T0CS

FOSC/4

Programm
Prescale

PS<2:0>

PC-1

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4PC
(Program
Counter)
Instruction
Fetch

PC PC+1

MOVWF TMR0 MOVF TMR0,W
��  1998-2013 Microchip Technology Inc.
bit (OPTION<4>). Clearing the T0SE bit selects th
rising edge. Restrictions on the external clock input a
discussed in detail in Section 7.2.

The prescaler is shared between the Timer0 modu
and the Watchdog Timer. The prescaler assignment 
controlled in software by the control bit PS
(OPTION<3>). Clearing the PSA bit will assign th
prescaler to Timer0. The prescaler is not readable 
writable. When the prescaler is assigned to the Time
module, prescale value of 1:2, 1:4, ..., 1:256 a
selectable. Section 7.3 details the operation of th
prescaler.

7.1 Timer0  Interrupt

Timer0 interrupt is generated when the TMR0 regist
timer/counter overflows from FFh to 00h. This overflo
sets the T0IF bit. The interrupt can be masked b
clearing the T0IE bit (INTCON<5>). The T0IF b
(INTCON<2>) must be cleared in software by th
Timer0 module interrupt service routine befo
re-enabling this interrupt. The Timer0 interrupt cann
wake the processor from SLEEP since the timer is sh
off during SLEEP. See Figure 7-4 for Timer0 interru
timing.

AL CLOCK/NO PRESCALER   

 located in the OPTION register.
igure 7-6)

1

0

Sync with
Internal
clocks

TMR0

PSout
(2 TCY delay)

PSout

Data Bus

8

Set Flag bit T0IF
on OverflowPSA

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

C+2 PC+3 PC+4 PC+5 PC+6

 TMR0,W MOVF TMR0,W MOVF TMR0,W MOVF TMR0,W
0
TMR0 T0 T0+1 T0+2 NT0 NT0+1 NT0+2 T

MOVF

Write TMR0
executed

Read TMR0
reads NT0

Read TMR0
reads NT0

Read TMR0
reads NT0

Read TMR0
reads NT0 + 1

Read TMR0
reads NT0 + 2

Instruction
Executed
DS40182D-page 35
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7.3.1 SWITCHING PRESCALER ASSIGNMENT

The prescaler assignment is fully under software
control (i.e., it can be changed �on-the-fly� during
program execution). To avoid an unintended device
RESET, the following instruction sequence
(Example 7-1) must be executed when changing the
prescaler assignment from Timer0 to WDT.

EXAMPLE 7-1: CHANGING PRESCALER 
(TIMER0�o WDT)

 1.BCF STATUS, RP0 ;Skip if already in
 ; Bank 0

 2.CLRWDT ;Clear WDT
 3.CLRF TMR0 ;Clear TMR0 & Prescaler 
 4.BSF STATUS, RP0 ;Bank 1
 5.MOVLW ’00101111�b ;These 3 lines (5, 6, 7)
 6.MOVWF OPTION  ; are required only if

; desired PS<2:0> are
 7.CLRWDT ; 000 or 001
 8.MOVLW ’00101xxx�b ;Set Postscaler to
 9.MOVWF OPTION  ; desired WDT rate
10.BCF STATUS, RP0  ;Return to Bank 0 

To change prescaler from the WDT to the TMR
module, use the sequence shown in Example 7-2. Th
precaution must be taken even if the WDT is disabled

EXAMPLE 7-2: CHANGING PRESCALER 
(WDT�o TIMER0)

   CLRWDT ;Clear WDT and 
;prescaler

   BSF STATUS, RP0
   MOVLW b’xxxx0xxx’ ;Select TMR0, new 

;prescale value and
;clock source

   MOVWF OPTION_REG
   BCF STATUS, RP0

TABLE 7-1: REGISTERS ASSOCIATED WITH TIMER0    

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value on:
POR

Value on
All Other
Resets

01h TMR0 Timer0 module register xxxx xxxx uuuu uuuu

0Bh/8Bh INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 0000 000x 0000 000u

81h OPTION RBPU INTEDG T0CS T0SE PSA PS2 PS1 PS0 1111 1111 1111 1111

85h TRISA � � � TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 ---1 1111 ---1 1111

Legend:  � = Unimplemented locations, read as �0�, x  = unknown, u = unchanged.

Note: Shaded bits are not used by TMR0 module.
��  1998-2013 Microchip Technology Inc.
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The code example in Example 8-1 depicts the steps
required to configure the comparator module. RA3 and
RA4 are configured as digital output. RA0 and RA1 are
configured as the V- inputs and RA2 as the V+ input to
both comparators.

EXAMPLE 8-1: INITIALIZING 
COMPARATOR MODULE

8.2 Comparator Operation

A single comparator is shown in Figure 8-2 along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input VIN�, the output of the
comparator is a digital low level. When the analog input
at VIN+ is greater than the analog input VIN�, the output
of the comparator is a digital high level. The shaded
areas of the output of the comparator in Figure 8-2
represent the uncertainty due to input offsets and
response time.

FLAG_REG EQU 0X20
CLRF FLAG_REG ;Init flag register
CLRF PORTA ;Init PORTA
MOVF CMCON,W ;Move comparator contents to W
ANDLW 0xC0 ;Mask comparator bits
IORWF FLAG_REG,F ;Store bits in flag register
MOVLW 0x03 ;Init comparator mode
MOVWF CMCON ;CM<2:0> = 011 
BSF STATUS,RP0 ;Select Bank1
MOVLW 0x07 ;Initialize data direction
MOVWF TRISA ;Set RA<2:0> as inputs

;RA<4:3> as outputs
;TRISA<7:5> always read �0�

BCF STATUS,RP0 ;Select Bank 0
CALL DELAY 10 ;10 �Ps delay
MOVF CMCON,F ;Read    CMCON to  end change  condition
BCF PIR1,CMIF ;Clear pending interrupts
BSF STATUS,RP0 ;Select Bank 1
BSF PIE1,CMIE ;Enable comparator interrupts
BCF STATUS,RP0 ;Select Bank 0
BSF INTCON,PEIE ;Enable peripheral interrupts
BSF INTCON,GIE ;Global interrupt enable

8.3 Comparator Reference

An external or internal reference signal may be use
depending on the comparator operating mode. Th
analog signal that is present at VIN� is compared to th
signal at VIN+, and the digital output of the comparat
is adjusted accordingly (Figure 8-2).

FIGURE 8-2: SINGLE COMPARATOR

8.3.1  EXTERNAL REFERENCE SIGNAL

When external voltage references are used, th
comparator module can be configured to have the com
parators operate from the same or different referenc
sources. However, threshold detector applications ma
require the same reference. The reference signal mu
be between VSS and VDD and can be applied to eith
pin of the comparator(s).

8.3.2  INTERNAL REFERENCE SIGNAL

The comparator module also allows the selection of a
internally generated voltage reference for th
comparators. Section 13, Instruction Sets, contains
detailed description of the Voltage Reference Modu
that provides this signal. The internal reference sign
is used when the comparators are in mod
CM<2:0>=010 (Figure 8-1). In this mode, the intern
voltage reference is applied to the VIN+ pin of bo
comparators.

�
+VIN+

VIN�
Output

VIN�

VIN+

Output

VIN+

VIN�

Output
��  1998-2013 Microchip Technology Inc. DS40182D-page 43
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Comparator Outputs

e comparator outputs are read through the CMCON
ister. These bits are read only. The comparator

tputs may also be directly output to the RA3 and RA4
 pins. When the CM<2:0> = 110, multiplexors in the
tput path of the RA3 and RA4 pins will switch and the
mparator outputs, otherwise the maximum delay of
 comparators should be used (Table 13-1 ).

output of each pin will be the unsynchronized output of
the comparator. The uncertainty of each of the
comparators is related to the input offset voltage and
the response time given in the specifications.
Figure 8-3 shows the comparator output block diagram.

The TRISA bits will still function as an output
enable/disable for the RA3 and RA4 pins while in this
mode.

Note 1: When reading the PORT register, all pins
configured as analog inputs will read as
a �0�. Pins configured as digital inputs will
convert an analog input according to the
Schmitt Trigger input specification.

2: Analog levels on any pin that is defined
as a digital input may cause the input
buffer to consume more current than is
specified.

URE 8-3: COMPARATOR OUTPUT BLOCK DIAGRAM

DQ

EN

To RA3 or
RA4 Pin

Data
Bus

RD CMCON

Set

MULTIPLEX

CMIF
Bit

-+

Q

CL

Port Pins

RD CMCON

NRESET

From
Other
Comparator

EN

D

8.4 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the
comparator output has a valid level. If the internal refer-
ence is changed, the maximum delay of the internal
voltage reference must be considered when using the
co
��  1998-2013 Microchip Technology Inc.
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AMPLE 9-1: VOLTAGE REFERENCE 
CONFIGURATION 

Voltage Reference Accuracy/Error

e full range of VSS to VDD cannot be realized due to
 construction of the module. The transistors on the
 and bottom of the resistor ladder network
gure 9-1) keep VREF from approaching VSS or VDD.
e Voltage Reference is VDD derived and therefore,
 VREF output changes with fluctuations in VDD. The

solute accuracy of the Voltage Reference can be
nd in Table 13-2. 

Operation During Sleep

en the device wakes up from sleep through an
errupt or a Watchdog Timer time-out, the contents of
 VRCON register are not affected. To minimize

rrent consumption in SLEEP mode, the Voltage
ference should be disabled.

OVLW 0x02 ; 4 Inputs Muxed
OVWF CMCON ; to 2 comps.
F STATUS,RP0 ; go to Bank 1

OVLW 0x07 ; RA3-RA0 are
OVWF TRISA ; outputs
OVLW 0xA6 ; enable V REF

OVWF VRCON ; low range
; set V R<3:0>=6

F STATUS,RP0 ; go to Bank 0
LL DELAY10 ; 10 �Ps delay

URE 9-2: VOLTAGE REFERENCE OUTPUT BUF
40182D-page 48
Effects of a Reset

evice reset disables the Voltage Reference by clear-
 bit VREN (VRCON<7>). This reset also disconnects
 reference from the RA2 pin by clearing bit VROE

RCON<6>) and selects the high voltage range by
aring bit VRR (VRCON<5>). The VREF value select
s, VRCON<3:0>, are also cleared.

Connection Considerations

e Voltage Reference Module operates
ependently of the comparator module. The output of
 reference generator may be connected to the RA2
 if the TRISA<2> bit is set and the VROE bit,
CON<6>, is set. Enabling the Voltage Reference

tput onto the RA2 pin with an input signal present will
rease current consumption. Connecting RA2 as a
ital  output with VREF enabled will also increase

rrent consumption.

e RA2 pin can be used as a simple D/A output with
ited drive capability. Due to the limited drive
pability, a buffer must be used in conjunction with the
ltage Reference output for external connections to
EF. Figure 9-2 shows an example buffering
hnique.

R EXAMPLE
BLE 9-1: REGISTERS ASSOCIATED WITH VOLTAGE REFERENCE

gend: - = Unimplemented, read as "0"

dress Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value On
POR / BOD

Value On
All Other
Resets

h VRCON VREN VROE VRR � VR3 VR2 VR1 VR0 000- 0000 000- 0000

h CMCON C2OUT C1OUT � � CIS CM2 CM1 CM0 00-- 0000 00-- 0000

h TRISA � � � TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 ---1 1111 ---1 1111

VREF Output
+
� ��

VREF 
Module

Voltage 
Reference

Output 
Impedance

R(1) RA2

Note 1: R is dependent upon the Voltage Reference Configuration VRCON<3:0> and VRCON<5>.
��  1998-2013 Microchip Technology Inc.
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10.0 SPECIAL FEATURES OF THE 
CPU

Special circuits to deal with the needs of real time appli-
cations are what sets a microcontroller apart from other
processors. The PIC16CE62X family has a host of
such features intended to maximize system reliability,
minimize cost through elimination of external compo-
nents, provide power saving operating modes and offer
code protection. 

These are:

1. OSC selection
2. Reset

Power-on Reset (POR)
Power-up Timer (PWRT)
Oscillator Start-Up Timer (OST)
Brown-out Reset (BOD)

3. Interrupts
4. Watchdog Timer (WDT)
5. SLEEP
6. Code protection
7. ID Locations
8. In-circuit serial programming

The PIC16CE62X has a Watchdog Timer which 
controlled by configuration bits. It runs off its own R
oscillator for added reliability. There are two timers th
offer necessary delays on power-up. One is th
Oscillator Start-up Timer (OST), intended to keep th
chip in reset until the crystal oscillator is stable. Th
other is the Power-up Timer (PWRT), which provides
fixed delay of 72 ms (nominal) on power-up only, and
designed to keep the part in reset while the pow
supply stabilizes. There is also circuitry to reset th
device if a brown-out occurs, which provides at least
72 ms reset. With these three functions on-chip, mo
applications need no external reset circuitry.

The SLEEP mode is designed to offer a very lo
current power-down mode. The user can wake-up fro
SLEEP through external reset, Watchdog Tim
wake-up or through an interrupt. Several oscillat
options are also made available to allow the part to 
the application. The RC oscillator option saves syste
cost, while the LP crystal option saves power. A set 
configuration bits are used to select various options.
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11.1 Instruction Descriptions  

ADDLW Add Literal and W

Syntax: [ label ]  ADDLW     k

Operands: 0 �d k �d 255

Operation: (W) + k �o  (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 �d f �d 127
d �����>�������@

Operation: (W) + (f) �o  (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 

ANDLW AND Literal with W

Syntax: [ label ]  ANDLW     k

Operands: 0 �d k �d 255

Operation: (W) .AND. (k) �o  (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 �d f �d 127
d �����>�������@

Operation: (W) .AND. (f) �o  (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 
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

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

12.17 SEEVAL Evaluation and Programming 
System

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

12.18 KEELOQ 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.
 1998-2013 Microchip Technology Inc.
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