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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

Details

Product Status Obsolete

Core Processor PIC

Core Size 8-Bit

Speed 20MHz

Connectivity -

Peripherals Brown-out Detect/Reset, POR, PWM, WDT

Number of I/O 5

Program Memory Size 1.75KB (1K x 14)

Program Memory Type FLASH

EEPROM Size -

RAM Size 64 x 8

Voltage - Supply (Vcc/Vdd) 2V ~ 5.5V

Data Converters A/D 4x10b

Oscillator Type Internal

Operating Temperature -40°C ~ 150°C (TA)

Mounting Type Surface Mount

Package / Case 8-VDFN Exposed Pad

Supplier Device Package 8-DFN (4x4)
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BLE 2-1: PIC12F609/HV609 SPECIA L FUNCTION REGISTERS SUMMARY BANK 0 

ddr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value on 
POR, BOR Page

nk 0

h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) xxxx xxxx 25, 115

h TMR0 Timer0 Module�s Register xxxx xxxx 53, 115

h PCL Program Counter�s (PC) Least Significant Byte 0000 0000 25, 115

h STATUS IRP(1) RP1(1) RP0 TO PD Z DC C 0001 1xxx 18, 115

h FSR Indirect Data Memory Address Pointer xxxx xxxx 25, 115

h GPIO � � GP5 GP4 GP3 GP2 GP1 GP0 --x0 x000 43, 115

h � Unimplemented � �

h � Unimplemented � �

h � Unimplemented � �

h � Unimplemented � �

h PCLATH � � � Write Buffer for upper 5 bits of Program Counter ---0 0000 25, 115

h INTCON GIE PEIE T0IE INTE GPIE T0IF INTF GPIF 0000 0000 20, 115

h PIR1 � � � � CMIF � � TMR1IF ---- 0--0 22, 115

h � Unimplemented � �

h TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register xxxx xxxx 57, 115

h TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register xxxx xxxx 57, 115

h T1CON T1GINV TMR1GE T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON 0000 0000 62, 115

h � Unimplemented � �

h � Unimplemented � �

h � Unimplemented � �

h � Unimplemented � �

h � Unimplemented � �

h � Unimplemented � �

h � Unimplemented � �

h � Unimplemented � �

h VRCON CMVREN � VRR FVREN VR3 VR2 VR1 VR0 0-00 0000 76, 116

h CMCON0 CMON COUT CMOE CMPOL � CMR � CMCH 0000 -0-0 72, 116

h � � � � �

h CMCON1 � � � T1ACS CMHYS � T1GSS CMSYNC ---0 0-10 73, 116

h � Unimplemented � �

h � Unimplemented � �

h � Unimplemented � �

gend: � = Unimplemented locations read as � 0�, u = unchanged, x  = unknown, q = value depends on condition, shaded = unimplemented
1: IRP and RP1 bits are reserved, always maintain these bits clear.
2: Read only register.
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9 .8 C o m pa ra t or Gati n g Ti m e r 1

This feature can be used to time the duration or interval
of analog events. Clearing the T1GSS bit of the
CMCON1 register will enable Timer1 to increment
based on the output of the comparator. This requires
that Timer1 is on and gating is enabled. See
S ec t i o n 7 . 0 “Tim e r 1 Modu l e with Gate Cont r o l ”  for
details.

It is recommended to synchronize the comparator with
Timer1 by setting the CMSYNC bit when the
comparator is used as the Timer1 gate source. This
ensures Timer1 does not miss an increment if the
comparator changes during an increment.

9 .9 S y n c h ro n i zi n g Com pa r a to r Out p u t 
to Ti me r1

The comparator output can be synchronized wi
Timer1 by setting the CMSYNC bit of the CMCON
register. When enabled, the comparator output 
latched on the falling edge of the Timer1 clock sourc
If a prescaler is used with Timer1, the comparat
output is latched after the prescaling function. T
prevent a race condition, the comparator output 
latched on the falling edge of the Timer1 clock sourc
and Timer1 increments on the rising edge of its cloc
source. See the Comparator Block Diagram (Figure
2) and the Timer1 Block Diagram (Figure 7-1) for mo
information. 

  

R E G I S T E R 9-2: CMC O N 1 : COMPARA TO R CON TR OL R EGIS T E R 1

U-0 U-0 U-0 R/W-0 R/W-0 U-0 R/W-1 R/W-0

— — — T1ACS CMHYS — T1GSS CMSYNC

bit 7 bit 0

L eg e nd :
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

bit 7-5 U ni m p le m en t e d:  Read as ‘0’

bit 4 T1 ACS:  Timer1 Alternate Clock Select bit
1 = Timer 1 Clock Source is System Clock (FOSC)
0 = Timer 1 Clock Source is Instruction Clock (FOSC\4)

bit 3 CMHYS:  Comparator Hysteresis Select bit

1 = Comparator Hysteresis enabled 
0 = Comparator Hysteresis disabled

bit 2 U ni m p le m en t e d:  Read as ‘0’

bit 1 T1 GSS:  Timer1 Gate Source Select bit( 1 )

1 = Timer 1 Gate Source is T1G pin (pin should be configured as digital input)
0 = Timer 1 Gate Source is comparator output

bit 0 CMSYNC:  Comparator Output Synchronization bit ( 2 )

1 = Output is synchronized with falling edge of Timer1 clock
0 = Output is asynchronous

N o t e 1: Refer to S e ct i o n 7 . 6 “Ti m er1 Gat e” .

2: Refer to Figure 9-2.
�⁄  2010 Microchip Technology Inc. DS41302D-page 73
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11.3.1 PWM PERIOD

The PWM period is specified by the PR2 register of
Timer2. The PWM period can be calculated using the
formula of Equation 11-1.

EQ UAT IO N 11- 1: PW M PE RIO D

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:

• TMR2 is cleared

• The CCP1 pin is set. (Exception: If the PWM duty 
cycle = 0%, the pin will not be set.)

• The PWM duty cycle is latched from CCPR1L into 
CCPR1H.

11.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing a 10-bit
value to multiple registers: CCPR1L register and
DC1B<1:0> bits of the CCP1CON register. The
CCPR1L contains the eight MSbs and the DC1B<1:0>
bits of the CCP1CON register contain the two LSbs.
CCPR1L and DC1B<1:0> bits of the CCP1CON
register can be written to at any time. The duty cycle
value is not latched into CCPR1H until after the period
completes (i.e., a match between PR2 and TMR2
registers occurs). While using the PWM, the CCPR1H
register is read-only.

Equation 11-2 is used to calculate the PWM pulse
width.

Equation 11-3 is used to calculate the PWM duty cycle
ratio.

EQ U AT IO N 11 -2 : PU LS E WIDTH

E Q U AT I O N 11 -3 : D U T Y CYC LE RATI O

The CCPR1H register and a 2-bit internal latch a
used to double buffer the PWM duty cycle. This doub
buffering is essential for glitchless PWM operation.

The 8-bit timer TMR2 register is concatenated wi
either the 2-bit internal system clock (FOSC), or 2 bits 
the prescaler, to create the 10-bit time base. The syste
clock is used if the Timer2 prescaler is set to 1:1.

When the 10-bit time base matches the CCPR1H an
2-bit latch, then the CCP1 pin is cleared (see Figure 1
3).

11.3.3 PWM RESOLUTION

The resolution determines the number of available du
cycles for a given period. For example, a 10-bit resolutio
will result in 1024 discrete duty cycles, whereas an 8-b
resolution will result in 256 discrete duty cycles.

The maximum PWM resolution is 10 bits when PR2 
255. The resolution is a function of the PR2 regist
value as shown by Equation 11-4.

EQ U AT I O N 11 -4 : PW M RES O L U T I O N

TABLE 11-4: EX A MP LE PW M FRE Q UEN C IES AND RES O LUTIONS (F O SC  = 20 MHz)

TABLE 11-5: EX A MP LE PW M FRE Q UEN C IES AND RES O LUTIONS (F O SC  = 8 MHz )

Not e: The Timer2 postscaler (see Sect ion 8 .1
“Timer2 Operation” ) is not used in the
determination of the PWM frequency.

PWM Period PR2� � � �1+� > � @4 TOSC  �x�x�x=

(TMR2 Prescale Value)

Note: If the pulse width value is greater than th
period the assigned PWM pin(s) w
remain unchanged.

Pulse Width CCPR1L:CCP1CON<5:4>� �   �x=

TOSC    �x (TMR2 Prescale Value)

Duty Cycle Ratio
CCPR1L:CCP1CON<5:4>� �

4 PR2 1+� � �
-----------------------------------------------------------------------=

Resolution
4 PR2 1+� � �� > �log

2� � � �log
------------------------------------------  bits=

P W M Fre q ue n cy 1. 2 2 kHz 4 .8 8 kHz 1 9 .5 3 kHz 7 8. 1 2 kHz 15 6 . 3 kHz 2 08 . 3 kHz

Timer Prescale (1, 4, 16) 16 4 1 1 1 1

PR2 Value 0xFF 0xFF 0xFF 0x3F 0x1F 0x17

Maximum Resolution (bits) 10 10 10 8 7 6.6

P W M Fre q ue n cy 1. 2 2 kHz 4 .9 0 kHz 1 9 .6 1 kHz 7 6. 9 2 kHz 1 53 . 85 kHz 2 00 . 0 kHz

Timer Prescale (1, 4, 16) 16 4 1 1 1 1

PR2 Value 0x65 0x65 0x65 0x19 0x0C 0x09

Maximum Resolution (bits) 8 8 8 6 5 5
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F I G U R E 12-4: TIM E- O U T SEQUE N C E  ON POW ER- U P (DELAY E D MCLR ) : CAS E 1

FIGU R E 12-5: TIM E- O U T SEQUE N C E  ON POW ER- U P (DELAY E D MCLR ) : CAS E 2

FIG URE 12- 6: TIM E- O UT SEQ U E N C E ON POW ER- U P (MCLR  WIT H V DD )
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D E C F S Z D ec re me n t f, Skip if 0

Syntax: [ label ]   DECFSZ   f,d

Operands: 0 �d f �d 127
d ��  [0,1]

Operation: (f) - 1 �o  (destination);     
skip if result = 0

Status Affected: None

Description: The contents of register ‘f’ are 
decremented. If ‘d’ is ‘0’, the result 
is placed in the W register. If ‘d’ is 
‘1’, the result is placed back in 
register ‘f’. 
If the result is ‘1’, the next 
instruction is executed. If the 
result is ‘0’, then a NOP is 
executed instead, making it a 
two-cycle instruction.

GOTO Unc o n di t i o na l Branc h

Syntax: [ label ]    GOTO   k

Operands: 0 �d k �d 2047

Operation: k �o  PC<10:0>
PCLATH<4:3> �o  PC<12:11>

Status Affected: None

Description: GOTO is an unconditional branch. 
The eleven-bit immediate value is 
loaded into PC bits <10:0>. The 
upper bits of PC are loaded from 
PCLATH<4:3>. GOTO is a 
two-cycle instruction.

I NCF I n c rem e nt f

Syntax: [ label ]    INCF   f,d

Operands: 0 �d f �d 127
d ��  [0,1]

Operation: (f) + 1 �o  (destination)

Status Affected: Z

Description: The contents of register ‘f’ are 
incremented. If ‘d’ is ‘0’, the result 
is placed in the W register. If ‘d’ is 
‘1’, the result is placed back in 
register ‘f’.

I N C F S Z I n cr em en t f, Skip if 0

Syntax: [ label ]    INCFSZ   f,d

Operands: 0 �d f �d 127
d ��  [0,1]

Operation: (f) + 1 �o  (destination),
 skip if result = 0

Status Affected: None

Description: The contents of register ‘f’ are 
incremented. If ‘d’ is ‘0’, the result 
is placed in the W register. If ‘d’ is 
‘1’, the result is placed back in 
register ‘f’.
If the result is ‘1’, the next 
instruction is executed. If the 
result is ‘0’, a NOP is executed 
instead, making it a two-cycle 
instruction.

I OR LW In c l us i v e OR liter al with W

Syntax: [ label ]    IORLW   k

Operands: 0 �d k �d 255

Operation: (W) .OR. k �o  (W)

Status Affected: Z

Description: The contents of the W register are 
OR’ed with the eight-bit literal ‘k’. 
The result is placed in the 
W register.

I ORWF I nc l u si v e OR W with f

Syntax: [ label ]    IORWF    f,d

Operands: 0 �d f �d 127
d ��  [0,1]

Operation: (W) .OR. (f) �o  (destination)

Status Affected: Z

Description: Inclusive OR the W register with 
register ‘f’. If ‘d’ is ‘0’, the result is 
placed in the W register. If ‘d’ is 
‘1’, the result is placed back in 
register ‘f’.
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TA B L E 16-14: DC CHA RACTE R I S T I C S FOR I DD  SPE CIFI C A TI ON S FO R PIC12 F 6 1 5 -H  (Hig h Temp . )  

P ar am 
No.

De vi c e 
Cha rac t e ri st i c s U ni ts M in Ty p Ma x

C on d i t i on

V DD Note

D010

Supply Current (IDD) �PA
— 13 58 2.0

IDD LP OSC (32 kHz)— 19 67 3.0

— 32 92 5.0

D011

�PA
— 135 316 2.0

IDD XT OSC (1 MHz)— 185 400 3.0

— 300 537 5.0

D012
�PA

— 240 495 2.0

IDD XT OSC (4 MHz)— 360 680 3.0

mA — 0.660 1.20 5.0

D013

�PA
— 75 158 2.0

IDD EC OSC (1 MHz)— 155 338 3.0

— 345 792 5.0

D014 �PA — 185 357 2.0

IDD EC OSC (4 MHz)— 325 625 3.0

mA — 0.665 1.30 5.0

D016

�PA
— 245 476 2.0

IDD INTOSC (4 MHz)— 360 672 3.0

— 620 1.10 5.0

D017 �PA — 395 757 2.0

IDD INTOSC (8 MHz)
mA

— 0.620 1.20 3.0

— 1.20 2.20 5.0

D018

�PA
— 175 332 2.0

IDD EXTRC (4 MHz)— 285 518 3.0

— 530 972 5.0

D019
mA

— 2.20 4.10 4.5
IDD HS OSC (20 MHz)

— 2.80 4.80 5.0
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DS

FIGURE 17-45 :

FIGURE 17-46 :
TYP ICAL HFIN TO SC FRE Q UE NCY CHANGE vs. V DD  (12 5°C )

TYP ICAL HFIN TO SC FRE Q UE NCY CHANGE vs. V DD  (-40°C)
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F IG URE 17- 52 : C O MPA R A T OR RES P O N S E TIM E (F AL L IN G EDG E)

F I G U R E 17-53 : WD T TIM E-O U T PE RIOD vs. V DD  OV ER TE MP ERA T U R E
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N o t e :         

V- input = Transition from VCM - 100mV to VCM + 20MV 
V+ input = VCM

VCM = (VDD - 1.5V)/2
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