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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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PIC16C62X
4.2.2.3 INTCON Register

The INTCON register is a readable and writable

register, which contains the various enable and flag bits

for all interrupt sources except the comparator module.

See Section 4.2.2.4 and Section 4.2.2.5 for a

description of the comparator enable and flag bits.

 

REGISTER 4-3: INTCON REGISTER (ADDRESS 0BH OR 8BH)                  

Note: Interrupt flag bits get set when an interrupt

condition occurs, regardless of the state of

its corresponding enable bit or the global

enable bit, GIE (INTCON<7>).

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x

GIE PEIE T0IE INTE RBIE T0IF INTF RBIF

bit 7 bit 0

bit 7 GIE: Global Interrupt Enable bit

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

bit 6 PEIE: Peripheral Interrupt Enable bit

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

bit 5 T0IE: TMR0 Overflow Interrupt Enable bit

1 = Enables the TMR0 interrupt
0 = Disables the TMR0 interrupt

bit 4 INTE: RB0/INT External Interrupt Enable bit

1 = Enables the RB0/INT external interrupt
0 = Disables the RB0/INT external interrupt

bit 3 RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt

bit 2 T0IF: TMR0 Overflow Interrupt Flag bit

1 = TMR0 register has overflowed (must be cleared in software)
0 = TMR0 register did not overflow

bit 1 INTF: RB0/INT External Interrupt Flag bit

1 = The RB0/INT external interrupt occurred (must be cleared in software)
0 = The RB0/INT external interrupt did not occur

bit 0 RBIF: RB Port Change Interrupt Flag bit

1 = When at least one of the RB<7:4> pins changed state (must be cleared in software)

0 = None of the RB<7:4> pins have changed state

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- n = Value at POR ’1’ = Bit is set ’0’ = Bit is cleared x = Bit is unknown
DS30235J-page 20  2003 Microchip Technology Inc.



 2003 Microchip Technology Inc. DS30235J-page 11

PIC16C62X

TABLE 3-1: PIC16C62X PINOUT DESCRIPTION

Name DIP/SOIC
Pin #

SSOP 
Pin # I/O/P Type Buffer 

Type Description

OSC1/CLKIN 16 18 I ST/CMOS Oscillator crystal input/external clock source input.

OSC2/CLKOUT

15 17 O —

Oscillator crystal output. Connects to crystal or resonator 

in Crystal Oscillator mode. In RC mode, OSC2 pin out-

puts CLKOUT, which has 1/4 the frequency of OSC1 

and denotes the instruction cycle rate.

MCLR/VPP

4 4 I/P ST
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.

RA0/AN0 17 19 I/O ST Analog comparator input 

RA1/AN1 18 20 I/O ST Analog comparator input 

RA2/AN2/VREF 1 1 I/O ST Analog comparator input or VREF output

RA3/AN3 2 2 I/O ST Analog comparator input /output

RA4/T0CKI

3 3 I/O ST

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
6 7 I/O TTL/ST(1)

RB0/INT can also be selected as an external

interrupt pin.

RB1 7 8 I/O TTL

RB2 8 9 I/O TTL

RB3 9 10 I/O TTL

RB4 10 11 I/O TTL Interrupt-on-change pin.

RB5 11 12 I/O TTL Interrupt-on-change pin.

RB6 12 13 I/O TTL/ST(2)
Interrupt-on-change pin. Serial programming clock.

RB7 13 14 I/O TTL/ST(2)
Interrupt-on-change pin. Serial programming data.

VSS 5 5,6 P — Ground reference for logic and I/O pins.

VDD 14 15,16 P — Positive supply for logic and I/O pins.

Legend: O = output I/O = input/output P = power

— = Not used I = Input ST = Schmitt Trigger input

TTL = TTL input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.

2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
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3.1 Clocking Scheme/Instruction 
Cycle

T h e  c l o c k  i n p u t  ( O SC1/CLKIN pin)  i s  i n t e r n a l l y  d i v i d e d

b y  f o u r  t o  g e n e r a t e  f o u r  n o n - o v e r l a p p i n g  q u a d r a t u r e

c l o c k s  n a m e l y  Q1, Q2, Q3 an d  Q 4 .  Interna l l y,  t h e

p r o g r a m  c o u n t e r  (PC) is incr e m e n t e d  e v e r y  Q1, the

in s t r u c t i o n  i s  f e t c h e d  f r o m  t h e  p r o g r a m  m e m o r y  a n d

l a t c h e d  i n t o  t h e  i n s t r u c t i o n  r e g i s t e r  i n  Q 4 .  T h e

i n s t r u c t i o n  i s  d e c o d e d  a n d  e x e c u t e d  d u r i n g  t h e

f o l l o w i n g  Q1 throug h  Q 4 .  T h e  c l o c k s  a n d  i n s t r u c t i o n

e x e c u t i o n  f l o w  i s  s h o w n  i n  F i g u r e 3 -2.

3.2 Instruction Flow/Pipelining

A n  “Instru c t i o n  Cycle” c o n si sts o f  f o u r Q  cy cl e s  (Q1,

Q2, Q3 an d  Q 4 ) .  T h e  i n s t r u c t i o n  f e t c h  a n d  e x e c u t e  a r e

p i p e l i n e d  s u c h  t h a t  f e t c h  tak e s  o n e  i n s t r u c t i o n  c y c l e

w h i l e  d e c o d e  a n d  e x e c u t e  ta k e s  a n o t h e r  i n s t r u c t i o n

c y c l e .  H o w e v e r, d u e  t o  t h e  p i p e l i n i n g ,  e a c h  i n s t r u c t i o n

e ff e c t i v e l y  e x e c u t e s  i n  o n e  c y c l e .  If an i n s t r u c t i o n

causes the program counter to change (e.g., GOTO)
t h e n  t w o  c y c l e s  a r e  r e q u i r e d  t o  c o m p l e t e  t h e  i n s t r u c t i o n

( E x a m p l e 3 -1).

A fetc h  c y c l e  b e g i n s  w i t h  t h e  p r o g r a m  c o u n t e r  (PC)

increme n t i n g  i n  Q1.

In the e x e c u t i o n  c y c l e ,  t h e  f e t c h e d  i n s t r u c t i o n  i s  l a t c h e d

i n t o  t h e  “Instruc t i o n  R e g i s t e r  (IR)” in  c y c l e  Q1. This

i n s t r u c t i o n  i s  t h e n  d e c o d e d  a n d  e x e c u t e d  d u r i n g  t h e

Q2, Q3 an d  Q 4  c y c l e s .  D a ta m e m o r y  i s  r e a d  d u r i n g  Q2

(operan d  r e a d )  a n d  w r i t t e n  d u r i n g  Q 4  ( d e s t i n a t i o n

write).

FIGURE 3-2: CLOCK/INSTRUCTION CYCLE

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW

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

OSC1

Q1

Q2

Q3

Q4

PC

OSC2/CLKOUT
(RC mode)

PC PC+1 PC+2

Fetch INST (PC)
Execute INST (PC-1) Fetch INST (PC+1)

Execute INST (PC) Fetch INST (PC+2)
Execute INST (PC+1)

Internal
phase
clock

Note: All instructions are single cycle, except for any program branches. These take two cycles since the fetch instruction

is “flushed” from the pipeline, while the new instruction is being fetched and then executed. 

1. MOVLW 55h Fetch 1 Execute 1
2. MOVWF PORTB Fetch 2 Execute 2
3. CALL  SUB_1 Fetch 3 Execute 3
4. BSF   PORTA, BIT3 Fetch 4 Flush

Fetch SUB_1 Execute SUB_1
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5.2 PORTB and TRISB Registers

PORTB is a n  8 - b i t  w i d e ,  b i - d i r e c t i o n a l  p o r t .  T h e

c o r r e s p o n d i n g  d a ta  d i r e c t i o n  r e g i s t e r  i s  T RISB. A '1' in

the  T RISB reg i s t e r  p u ts t h e  c o r r e s p o n d i n g  o u t p u t  d r i v e r

i n  a  H i g h  Impedan c e  m o d e .  A  ' 0 '  i n  t h e  T RISB reg i s t e r

p u ts t h e  c o n t e n ts o f  t h e  o u t p u t  l a t c h  o n  t h e  s e l e c t e d

pin(s).

R e a d i n g  PORTB reg i s t e r  r e a d s  t h e  s ta t u s  o f  t h e  p i n s ,

w h e r e a s  w r i t i n g  t o  i t  w i l l  w r i t e  t o  t h e  p o r t  l a t c h .  A l l  w r i t e

o p e r a t i o n s  a r e  r e a d - m o d i f y - w r i t e  o p e r a t i o n s .  S o  a  w r i t e

t o  a  p o r t  i m p l i e s  t h a t  t h e  p o r t  p i n s  a r e  f i r s t  r e a d ,  t h e n

t h i s  v a l u e  i s  m o d i f i e d  a n d  w r i t t e n  t o  t h e  p o r t  d a ta l a t c h .

E a c h  o f  t h e  PORTB pi n s  h a s  a  w e a k  i n t e r n a l  p u l l - u p

( � 200 µ A  t y p i c a l ) .  A  s i n g l e  c o n t r o l  b i t  c a n  t u r n  o n  a l l  t h e
p u l l - u ps.  T h i s  i s  d o n e  b y  c l e a r i n g  t h e  R BPU

(OPTION<7>) b i t .  T h e  w e a k  p u l l - u p  i s  a u t o m a t i c a l l y

t u r n e d  o ff  w h e n  t h e  p o r t  p i n  i s  c o n f i g u r e d  a s  a n  o u t p u t .

T h e  p u l l - u ps  a r e  d i s a b l e d  o n  Power-on  R e s e t .

F o u r  o f  PORTB’s p i n s ,  R B < 7 : 4 > ,  h a v e  a n  i n t e r r u p t  o n

c h a n g e  f e a t u r e .  O n l y  p i n s  c o n f i g u r e d  a s  i n p u ts  c a n

c a u s e  t h i s  i n t e r r u p t  t o  o c c u r  ( e . g . ,  a n y  R B < 7 : 4 >  p i n

c o n f i g u r e d  a s  a n  o u t p u t  i s  e x c l u d e d  f r o m  t h e  i n t e r r u p t

o n  c h a n g e  c o m pa r i s o n ) .  T h e  i n p u t  p i n s  ( o f  R B < 7 : 4 > )

a r e  c o m pa r e d  w i t h  t h e  o l d  v a l u e  l a t c h e d  o n  t h e  l a s t

r e a d  o f  PORTB. T h e  “ m i s m a t c h ”  o u t p u ts  o f  R B < 7 : 4 >

a r e  O R ’ e d  t o g e t h e r  t o  g e n e r a t e  t h e  R BIF inte r r u p t  ( f l a g

l a t c h e d  i n  INTCON<0>). 

FIGURE 5-5: BLOCK DIAGRAM OF 
RB<7:4> PINS 

T h i s  i n t e r r u p t  c a n  w a k e  t h e  d e v i c e  f r o m  S L E EP. The

us e r,  i n  t h e  i n t e r r u p t  s e r v i c e  r o u t i n e ,  c a n  c l e a r  t h e

i n t e r r u p t  i n  t h e  f o l l o w i n g  m a n n e r :

a ) A n y  r e a d  o r  w r i t e  o f  PORTB. Th i s  w i l l  e n d  t h e

misma tch  co ndi tio n.

b ) Clear fl a g  b i t  R BIF.

A mi s m a t c h  c o n d i t i o n  w i l l  c o n t i n u e  t o  s e t  f l a g  b i t  R BIF.

Rea d i n g  PORTB w i l l  e n d  t h e  m i s m a t c h  c o n d i t i o n  a n d

a l l o w  f l a g  b i t  R BIF to b e  c l e a r e d .

T h i s  i n t e r r u p t  o n  m i s m a t c h  f e a t u r e ,  t o g e t h e r  w i t h

s o f t w a r e  c o n f i g u r a b l e  p u l l - u ps o n  t h e s e  f o u r  p i n s  a l l o w

e a s y  i n t e r f a c e  t o  a  k e y  pa d  a n d  m a k e  i t  p o s s i b l e  f o r

w a k e - u p  o n  k e y - d e p r e s s i o n .  ( S e e  A N 5 52, “Impleme n t -

i n g  Wa k e - U p  o n  K e y  Str o k e s . )

T h e  i n t e r r u p t - o n - c h a n g e  f e a t u r e  i s  r e c o m m e n d e d  f o r

w a k e - u p  o n  k e y  d e p r e s s i o n  o p e r a t i o n  a n d  o p e r a t i o n s

w h e r e  PORTB is  o n l y  u s e d  f o r  t h e  i n t e r r u p t  o n  c h a n g e

f e a t u r e .  Polling  o f  PORTB i s  n o t  r e c o m m e n d e d  w h i l e

u s i n g  t h e  i n t e r r u p t - o n - c h a n g e  f e a t u r e .

FIGURE 5-6: BLOCK DIAGRAM OF 
RB<3:0> PINS 
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(OPTION<7>).
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RB<7:6> in Serial Programming mode
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6.3.1 SWITCHING PRESCALER 
ASSIGNMENT

T h e  p re sc a l e r  a ss i g n m e n t  i s  f u l l y u n d e r  so f t w a r e

c o n t r o l  ( i . e . ,  i t  c a n  b e  c h a n g e d  “ o n - t h e - f l y ”  d u r i n g

p r o g r a m  e x e c u t i o n ) .  To a v o i d  a n  u n i n t e n d e d  d e v i c e

R E S E T, t h e  f o l l o w i n g  i n s t r u c t i o n  s e q u e n c e

( E x a m p l e 6-1) must b e  e x e c u t e d  w h e n  c h a n g i n g  t h e

p r e s c a l e r  a s s i g n m e n t  f r o m  Ti m e r 0  t o  W D T. �

EXAMPLE 6-1: CHANGING PRESCALER 
(TIMER0� WDT)

To  c h a n g e  p r e s c a l e r  f r o m  t h e  W D T  t o  t h e  T M R 0

m o d u l e ,  u s e  t h e  s e q u e n c e  s h o w n  i n  E x a m p l e 6-2. This

p r e c a u t i o n  m u s t  b e  ta k e n  e v e n  i f  t h e  W D T  i s  d i s a b l e d .  

EXAMPLE 6-2: CHANGING PRESCALER 
(WDT� TIMER0)

TABLE 6-1: REGISTERS ASSOCIATED WITH TIMER0    

 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 

 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

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

L e g e n d :  —  =  U n i m p l e m e n t e d  l o c a t i o n s ,  r e a d  a s  ‘ 0 ’ ,  u  =  u n c h a n g e d ,  x  =  u n k n o w n

Note: S h a d e d  b i ts  a r e  n o t  u s e d  b y  T M R 0  m o d u l e .
 2003 Microchip Technology Inc. DS30235J-page 35
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7.0 COMPARATOR MODULE

T h e  c o m pa r a t o r  m o d u l e  c o n ta i n s  t w o  a n a l o g

c o m pa r a t o r s .  T h e  i n p u ts  t o  t h e  c o m pa r a t o r s  a r e

m u l t i p l e x e d  w i t h  t h e  R A 0  t h r o u g h  R A 3  p i n s .  T h e  O n -

Chip Vol ta g e  R e f e r e n c e  ( S e c t i o n 8 . 0 )  c a n  a l s o  b e  a n

i n p u t  t o  t h e  c o m pa r a t o r s .  

T h e  CMCON regis t e r,  s h o w n  i n  R e g i s t e r 7 -1, contro l s

t h e  c o m pa r a t o r  i n p u t  a n d  o u t p u t  m u l t i p l e x e r s .  A  b l o c k

d i a g r a m  o f  t h e  c o m pa r a t o r  i s  s h o w n  i n  F i g u r e 7 -1.

REGISTER 7-1: CMCON REGISTER (ADDRESS 1Fh)                

R-0 R-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0

C2OUT C1OUT — — CIS CM2 CM1 CM0

bit 7 b i t  0

b i t  7 C2OUT:  Comparat o r  2 output
1  =  C2 V IN + > C2 V IN -

0  =  C2 V IN + < C2 V IN -

b i t  6 C1OUT:  Comparat o r  1 output
1  =  C1 V IN + > C1 V IN -

0  =  C1 V IN + < C1 V IN -

b i t  5 - 4 Unimplemented: R e a d  a s ‘ 0 ’

b i t  3 CIS :  Comparato r  Input S w i t c h
W h e n  CM<2:0>: = 0 01:

1  =  C1 V IN -  c o n n e c ts  t o  R A 3

0  =  C1 V IN -  c o n n e c ts  t o  R A 0

W h e n  CM<2:0> = 010:

1  =  C1 V IN -  c o n n e c ts  t o  R A 3

       C2 V IN -  c o n n e c ts t o  R A2

0  =  C1 V IN -  c o n n e c ts  t o  R A 0

       C2 V IN -  c o n n e c ts t o  R A1

bit 2-0 CM<2:0> :  Comparat o r  m o d e .

L e g e n d :

R  =  R e a d a b l e  b i t W  =  Wri ta b l e  b i t U =  U n i m p l e m e n t e d  b i t ,  r e a d  a s  ‘ 0 ’

-  n  =  Va l u e  a t  POR ’1’ = Bit  i s  s e t ’ 0 ’  =  B i t  i s  c l e a r e d x  =  B i t  i s  u n k n o w n
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FIGURE 4-4: DATA MEMORY MAP FOR 
THE PIC16C620/621

FIGURE 4-5: DATA MEMORY MAP FOR
THE PIC16C622
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Bank 0 Bank 1

File
Address
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  Unimplemented data memory locations, read as '0'.

Note 1: Not a physical register.

File
Address

INDF(1)

TMR0
PCL

STATUS
FSR

PORTA
PORTB

PCLATH
INTCON

PIR1

CMCON

INDF(1)

OPTION
PCL

STATUS
FSR

TRISA
TRISB

PCLATH
INTCON

PIE1

PCON

VRCON

00h
01h
02h
03h
04h
05h
06h
07h
08h
09h
0Ah
0Bh
0Ch
0Dh
0Eh
0Fh
10h
11h
12h
13h
14h
15h
16h
17h
18h
19h
1Ah
1Bh
1Ch
1Dh
1Eh
1Fh

80h
81h
82h
83h
84h
85h
86h
87h
88h
89h
8Ah
8Bh
8Ch
8Dh
8Eh
8Fh
90h
91h
92h
93h
94h
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9Ah
9Bh
9Ch
9Dh
9Eh
9Fh

20h A0h
General
Purpose
Register

7Fh FFh
Bank 0 Bank 1

File
Address

BFh

C0h

  Unimplemented data memory locations, read as '0'.

Note 1: Not a physical register.

File
Address

General
Purpose
Register
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