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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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2.2.2.3 INTCON Register
The INTCON register is a readable and writable
register, which contains the various enable and flag bits
for TMR0 register overflow, PORTA change and
external RA2/INT pin interrupts.

 

             

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.

REGISTER 2-3: INTCON: INTERRUPT CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
GIE PEIE T0IE INTE RAIE T0IF INTF RAIF

bit 7 bit 0

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

bit 7 GIE: Global Interrupt Enable bit
1 = Enables all unmasked interrupts
0 = Disables all interrupts

bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts

bit 5 T0IE: Timer0 Overflow Interrupt Enable bit
1 = Enables the Timer0 interrupt
0 = Disables the Timer0 interrupt

bit 4 INTE: RA2/INT External Interrupt Enable bit
1 = Enables the RA2/INT external interrupt
0 = Disables the RA2/INT external interrupt

bit 3 RAIE: PORTA Change Interrupt Enable bit(1)

1 = Enables the PORTA change interrupt
0 = Disables the PORTA change interrupt

bit 2 T0IF: Timer0 Overflow Interrupt Flag bit(2)

1 = Timer0 register has overflowed (must be cleared in software)
0 = Timer0 register did not overflow

bit 1 INTF: RA2/INT External Interrupt Flag bit
1 = The RA2/INT external interrupt occurred (must be cleared in software)
0 = The RA2/INT external interrupt did not occur

bit 0 RAIF: PORTA Change Interrupt Flag bit
1 = When at least one of the PORTA <5:0> pins changed state (must be cleared in software)
0 = None of the PORTA <5:0> pins have changed state

Note 1: IOCA register must also be enabled.
2: T0IF bit is set when TMR0 rolls over. TMR0 is unchanged on Reset and should be initialized before 

clearing T0IF bit.
DS41288F-page 20  © 2009 Microchip Technology Inc.
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4.2.4.6 RA5/T1CKI/OSC1/CLKIN
Figure 4-5 shows the diagram for this pin. The RA5 pin
is configurable to function as one of the following:

• a general purpose I/O
• a Timer1 clock input
• a crystal/resonator connection
• a clock input

FIGURE 4-5: BLOCK DIAGRAM OF RA5
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4.3 PORTC and the TRISC Registers
PORTC is a general purpose I/O port consisting of 6
bidirectional pins. The pins can be configured for either
digital I/O or analog input to A/D Converter (ADC) or
Comparator. For specific information about individual
functions such as the Enhanced CCP or the ADC, refer
to the appropriate section in this data sheet.

EXAMPLE 4-2: INITIALIZING PORTC

             

             

Note: The ANSEL register must be initialized to
configure an analog channel as a digital
input. Pins configured as analog inputs will
read ‘0’ and cannot generate an interrupt.

BCF STATUS,RP0 ;Bank 0
CLRF PORTC ;Init PORTC
BSF STATUS,RP0 ;Bank 1
CLRF ANSEL ;digital I/O
MOVLW 0Ch ;Set RC<3:2> as inputs
MOVWF TRISC ;and set RC<5:4,1:0>

;as outputs
BCF STATUS,RP0 ;Bank 0

REGISTER 4-6: PORTC: PORTC REGISTER

U-0 U-0 R/W-x R/W-x R/W-0 R/W-0 R/W-x R/W-x
— — RC5 RC4 RC3 RC2 RC1 RC0

bit 7 bit 0

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

bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RC<5:0>: PORTC I/O Pin bit

1 = PORTC pin is > VIH
0 = PORTC pin is < VIL

REGISTER 4-7: TRISC: PORTC TRI-STATE REGISTER

U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0

bit 7 bit 0

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

bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 TRISC<5:0>: PORTC Tri-State Control bit

1 = PORTC pin configured as an input (tri-stated)
0 = PORTC pin configured as an output
DS41288F-page 42  © 2009 Microchip Technology Inc.
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4.3.5 RC4/C2OUT/P1B(1)

The RC4 is configurable to function as one of the
following:

• a general purpose I/O
• a digital output from Comparator C2
• a digital output from the Enhanced CCP(1)

FIGURE 4-8: BLOCK DIAGRAM OF RC4

4.3.6 RC5/CCP1(1)/P1A(1)

The RC5 is configurable to function as one of the
following:

• a general purpose I/O
• a digital input/output for the Enhanced CCP(1)

FIGURE 4-9: BLOCK DIAGRAM OF RC5 
PIN

TABLE 4-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC    

Note 1: PIC16F616/16HV616 only.

2: Enabling both C2OUT and P1B will cause
a conflict on RC4 and create unpredictable
results. Therefore, if C2OUT is enabled,
the ECCP can not be used in Half-Bridge
or Full-Bridge mode and vice-versa.
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Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Value on 
POR, BOR

Value on 
all other 
Resets

ANSEL ANS7 ANS6 ANS5 ANS4 ANS3(1) ANS2(1) ANS1 ANS0 1111 1111 1111 1111

CCP1CON(1) P1M1 P1M0 DC1B1 DC1B0 CCP1M3 CCP1M2 CCP1M1 CCP1M0 0000 0000 0000 0000

CM1CON0 C1ON C1OUT C1OE C1POL — C1R C1CH1 C1CH0 0000 -000 0000 -000

CM2CON0 C2ON C2OUT C2OE C2POL — C2R C2CH1 C2CH0 0000 -000 0000 -000

PORTC — — RC5 RC4 RC3 RC2 RC1 RC0 --xx 00xx --uu 00uu

TRISC — — TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 --11 1111 --11 1111

Legend: x = unknown, u = unchanged, – = unimplemented locations read as ‘0’. Shaded cells are not used by PORTC.
Note 1: PIC16F616/HV616 only.
DS41288F-page 44  © 2009 Microchip Technology Inc.



PIC16F610/616/16HV610/616

NOTES:
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FIGURE 6-2: TIMER1 INCREMENTING EDGE    

6.12 Timer1 Control Register
The Timer1 Control register (T1CON), shown in
Register 6-1, is used to control Timer1 and select the
various features of the Timer1 module.

 

T1CKI = 1
when TMR1
Enabled

T1CKI = 0
when TMR1
Enabled

Note 1: Arrows indicate counter increments.
2: In Counter mode, a falling edge must be registered by the counter prior to the first incrementing rising edge of the clock.

REGISTER 6-1: T1CON: TIMER1 CONTROL REGISTER

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

T1GINV(1) TMR1GE(2) T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON
bit 7 bit 0

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

bit 7 T1GINV: Timer1 Gate Invert bit(1)

1 = Timer1 gate is active-high (Timer1 counts when gate is high)
0 = Timer1 gate is active-low (Timer1 counts when gate is low)

bit 6 TMR1GE: Timer1 Gate Enable bit(2)

If TMR1ON = 0:
This bit is ignored
If TMR1ON = 1:
1 = Timer1 counting is controlled by the Timer1 Gate function
0 = Timer1 is always counting

bit 5-4 T1CKPS<1:0>: Timer1 Input Clock Prescale Select bits
11 = 1:8 Prescale Value
10 = 1:4 Prescale Value
01 = 1:2 Prescale Value
00 = 1:1 Prescale Value

bit 3 T1OSCEN: LP Oscillator Enable Control bit
If INTOSC without CLKOUT oscillator is active:
1 = LP oscillator is enabled for Timer1 clock
0 = LP oscillator is off
Else:
This bit is ignored
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7.0 TIMER2 MODULE
(PIC16F616/16HV616 ONLY)

The Timer2 module is an 8-bit timer with the following
features: 

• 8-bit timer register (TMR2)
• 8-bit period register (PR2)
• Interrupt on TMR2 match with PR2
• Software programmable prescaler (1:1, 1:4, 1:16)
• Software programmable postscaler (1:1 to 1:16)

See Figure 7-1 for a block diagram of Timer2.

7.1 Timer2 Operation
The clock input to the Timer2 module is the system
instruction clock (FOSC/4). The clock is fed into the
Timer2 prescaler, which has prescale options of 1:1,
1:4 or 1:16. The output of the prescaler is then used to
increment the TMR2 register.

The values of TMR2 and PR2 are constantly compared
to determine when they match. TMR2 will increment
from 00h until it matches the value in PR2. When a
match occurs, two things happen:

• TMR2 is reset to 00h on the next increment cycle.
• The Timer2 postscaler is incremented

The match output of the Timer2/PR2 comparator is
then fed into the Timer2 postscaler. The postscaler has
postscale options of 1:1 to 1:16 inclusive. The output of
the Timer2 postscaler is used to set the TMR2IF
interrupt flag bit in the PIR1 register.

The TMR2 and PR2 registers are both fully readable
and writable. On any Reset, the TMR2 register is set to
00h and the PR2 register is set to FFh.

Timer2 is turned on by setting the TMR2ON bit in the
T2CON register to a ‘1’. Timer2 is turned off by setting
the TMR2ON bit to a ‘0’.

The Timer2 prescaler is controlled by the T2CKPS bits
in the T2CON register. The Timer2 postscaler is
controlled by the TOUTPS bits in the T2CON register.
The prescaler and postscaler counters are cleared
when:

• A write to TMR2 occurs.
• A write to T2CON occurs.
• Any device Reset occurs (Power-on Reset, MCLR 

Reset, Watchdog Timer Reset, or Brown-out 
Reset).

FIGURE 7-1: TIMER2 BLOCK DIAGRAM       

Note: TMR2 is not cleared when T2CON is
written.
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TABLE 8-2: SUMMARY OF REGISTERS ASSOCIATED WITH THE COMPARATOR AND 

VOLTAGE REFERENCE MODULES

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

Value on
all other
Resets

ANSEL ANS7 ANS6 ANS5 ANS4 ANS3(1) ANS2(1) ANS1 ANS0 1111 1111 1111 1111

CM1CON0 C1ON C1OUT C1OE C1POL C1SP C1R C1CH1 C1CH0 0000 0000 0000 0000

CM2CON0 C2ON C2OUT C2OE C2POL C2SP C2R C2CH1 C2CH0 0000 0000 0000 0000

CM2CON1 MC1OUT MC2OUT — T1ACS C1HYS C2HYS T1GSS C2SYNC 00-0 0010 00-0 0010

INTCON GIE PEIE T0IE INTE RAIE T0IF INTF RAIF 0000 000x 0000 000x

PIE1 — ADIE(1) CCP1IE(1) C2IE C1IE — TMR2IE(1) TMR1IE -000 0-00 -000 0-00

PIR1 — ADIF(1) CCP1IF(1) C2IF C1IF — TMR2IF(1) TMR1IF -000 0-00 -000 0-00

PORTA — — RA5 RA4 RA3 RA2 RA1 RA0 --x0 x000 --x0 x000

PORTC — — RC5 RC4 RC3 RC2 RC1 RC0 --xx 00xx --uu 00uu

SRCON0 SR1 SR0 C1SEN C2REN PULSS PULSR — SRCLKEN 0000 00-0 0000 00-0

SRCON1 SRCS1 SRCS0 — — — — — — 00-- ---- 00-- ----

TRISA — — TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 --11 1111 --11 1111

TRISC TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 1111 1111 1111 1111

VRCON C1VREN C2VREN VRR FVREN VR3 VR2 VR1 VR0 0000 0000 0000 0000

Legend: x = unknown, u = unchanged, – = unimplemented, read as ‘0’. Shaded cells are not used for comparator.
Note 1: PIC16F616/16HV616 only.
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FIGURE 9-2: ANALOG-TO-DIGITAL CONVERSION TAD CYCLES 

9.1.5 INTERRUPTS
The ADC module allows for the ability to generate an
interrupt upon completion of an analog-to-digital
conversion. The ADC interrupt flag is the ADIF bit in the
PIR1 register. The ADC interrupt enable is the ADIE bit
in the PIE1 register. The ADIF bit must be cleared in
software.

This interrupt can be generated while the device is
operating or while in Sleep. If the device is in Sleep, the
interrupt will wake-up the device. Upon waking from
Sleep, the next instruction following the SLEEP
instruction is always executed. If the user is attempting
to wake-up from Sleep and resume in-line code
execution, the global interrupt must be disabled. If the
global interrupt is enabled, execution will switch to the
interrupt service routine.

Please see Section 9.1.5 “Interrupts” for more
information.

9.1.6 RESULT FORMATTING
The 10-bit A/D conversion result can be supplied in two
formats, left justified or right justified. The ADFM bit of
the ADCON0 register controls the output format.

Figure 9-4 shows the two output formats.

FIGURE 9-3: 10-BIT A/D CONVERSION RESULT FORMAT 
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Set GO/DONE bit 

Holding Capacitor is Disconnected from Analog Input (typically 100 ns) 

b9 b8 b7 b6 b5 b4 b3 b2

TAD10 TAD11

b1 b0

TCY to TAD

Conversion Starts 

ADRESH and ADRESL registers are loaded,
GO bit is cleared,
ADIF bit is set,
Holding capacitor is connected to analog input

Note: The ADIF bit is set at the completion of
every conversion, regardless of whether
or not the ADC interrupt is enabled.

ADRESH ADRESL
(ADFM = 0) MSB LSB

bit 7 bit 0 bit 7 bit 0

10-bit A/D Result Unimplemented: Read as ‘0’

(ADFM = 1) MSB LSB
bit 7 bit 0 bit 7 bit 0

Unimplemented: Read as ‘0’ 10-bit A/D Result
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TABLE 10-3: SUMMARY OF REGISTERS ASSOCIATED WITH COMPARE    

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

Value on
all other
Resets

CCP1CON(1) P1M1 P1M0 DC1B1 DC1B0 CCP1M3 CCP1M2 CCP1M1 CCP1M0 0000 0000 0000 0000

CCPR1L(1) Capture/Compare/PWM Register 1 Low Byte xxxx xxxx uuuu uuuu

CCPR1H(1) Capture/Compare/PWM Register 1 High Byte xxxx xxxx uuuu uuuu

INTCON GIE PEIE T0IE INTE RAIE T0IF INTF RAIF 0000 0000 0000 0000

PIE1 — ADIE(1) CCP1IE(1) C2IE C1IE — TMR2IE(1) TMR1IE -000 0-00 0000 0-00

PIR1 — ADIF(1) CCP1IF(1) C2IF C1IF — TMR2IF(1) TMR1IF -000 0-00 0000 0-00

T1CON T1GINV TMR1GE T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON 0000 0000 uuuu uuuu

TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register xxxx xxxx uuuu uuuu

TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register xxxx xxxx uuuu uuuu

TRISA — — TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 --11 1111 --11 1111

TRISC — — TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 --11 1111 --11 1111

Legend:  – = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the Capture, Compare and PWM.
Note 1: PIC16F616/16HV616 only.
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NOTES:
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12.0 SPECIAL FEATURES OF THE 
CPU

The PIC16F610/616/16HV610/616 has a host of
features intended to maximize system reliability,
minimize cost through elimination of external
components, provide power-saving features and offer
code protection.

These features are:

• Reset
- Power-on Reset (POR)
- Power-up Timer (PWRT)
- Oscillator Start-up Timer (OST)
- Brown-out Reset (BOR)

• Interrupts
• Watchdog Timer (WDT)
• Oscillator selection
• Sleep
• Code protection
• ID Locations
• In-Circuit Serial Programming™

The PIC16F610/616/16HV610/616 has two timers that
offer necessary delays on power-up. One is the
Oscillator Start-up Timer (OST), intended to keep the
chip in Reset until the crystal oscillator is stable. The
other is the Power-up Timer (PWRT), which provides a
fixed delay of 64 ms (nominal) on power-up only,
designed to keep the part in Reset while the power
supply stabilizes. There is also circuitry to reset the
device if a brown-out occurs, which can use the Power-
up Timer to provide at least a 64 ms Reset. With these
three functions-on-chip, most applications need no
external Reset circuitry.

The Sleep mode is designed to offer a very low-current
Power-Down mode. The user can wake-up from Sleep
through:

• External Reset
• Watchdog Timer Wake-up
• An interrupt

Several oscillator options are also made available to
allow the part to fit the application. The INTOSC option
saves system cost while the LP crystal option saves
power. A set of Configuration bits are used to select
various options (see Register 12-1).

12.1 Configuration Bits
The Configuration bits can be programmed (read as
‘0’), or left unprogrammed (read as ‘1’) to select various
device configurations as shown in Register 12-1.
These bits are mapped in program memory location
2007h.

Note: Address 2007h is beyond the user program
memory space. It belongs to the special
configuration memory space (2000h-
3FFFh), which can be accessed only during
programming. See the Memory Program-
ming Specification (DS41284) for more
information.
© 2009 Microchip Technology Inc.  DS41288F-page 109
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12.6 Watchdog Timer (WDT)
The Watchdog Timer is a free running, on-chip RC
oscillator, which requires no external components. This
RC oscillator is separate from the external RC oscillator
of the CLKIN pin and INTOSC. That means that the
WDT will run, even if the clock on the OSC1 and OSC2
pins of the device has been stopped (for example, by
execution of a SLEEP instruction). During normal oper-
ation, a WDT Time-out generates a device Reset. If the
device is in Sleep mode, a WDT Time-out causes the
device to wake-up and continue with normal operation.
The WDT can be permanently disabled by program-
ming the Configuration bit, WDTE, as clear
(Section 12.1 “Configuration Bits”).

12.6.1 WDT PERIOD

The WDT has a nominal time-out period of 18 ms (with
no prescaler). The time-out periods vary with
temperature, VDD and process variations from part to
part (see Table 15-4, Parameter 31). If longer time-out
periods are desired, a prescaler with a division ratio of
up to 1:128 can be assigned to the WDT under
software control by writing to the OPTION register.
Thus, time-out periods up to 2.3 seconds can be
realized.

The CLRWDT and SLEEP instructions clear the WDT
and the prescaler, if assigned to the WDT, and prevent
it from timing out and generating a device Reset.

The TO bit in the STATUS register will be cleared upon
a Watchdog Timer Time-out.

12.6.2 WDT PROGRAMMING 
CONSIDERATIONS

It should also be taken in account that under worst-
case conditions (i.e., VDD = Min., Temperature = Max.,
Max. WDT prescaler) it may take several seconds
before a WDT Time-out occurs.

FIGURE 12-2: WATCHDOG TIMER BLOCK DIAGRAM

TABLE 12-7: WDT STATUS
Conditions WDT

WDTE = 0
ClearedCLRWDT Command

Exit Sleep + System Clock = EXTRC, INTRC, EC
Exit Sleep + System Clock = XT, HS, LP Cleared until the end of OST
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Timer

WDT
Time-Out

PS<2:0>

WDTE

Data Bus

Set Flag bit T0IF
on Overflow

T0CS

Note 1: T0SE, T0CS, PSA, PS<2:0> are bits in the OPTION register.
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13.2 Instruction Descriptions 

ADDLW Add literal and W

Syntax: [ label ] ADDLW     k

Operands: 0 ≤ k ≤ 255

Operation: (W) + k → (W)

Status Affected: C, DC, Z

Description: The contents of the W register 
are added to the eight-bit literal ‘k’ 
and the result is placed in the 
W register.

ADDWF Add W and f

Syntax: [ label ] ADDWF     f,d

Operands: 0 ≤ f ≤ 127
d ∈ [0,1]

Operation: (W) + (f) → (destination)

Status Affected: C, DC, Z

Description: Add the contents of the W register 
with register ‘f’. If ‘d’ is ‘0’, the 
result is stored in the W register. If 
‘d’ is ‘1’, the result is stored back 
in register ‘f’.

ANDLW AND literal with W

Syntax: [ label ] ANDLW     k

Operands: 0 ≤ k ≤ 255

Operation: (W) .AND. (k) → (W)

Status Affected: Z

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

ANDWF AND W with f

Syntax: [ label ] ANDWF     f,d

Operands: 0 ≤ f ≤ 127
d ∈ [0,1]

Operation: (W) .AND. (f) → (destination)

Status Affected: Z

Description: AND the W register with register 
‘f’. If ‘d’ is ‘0’, the result is stored in 
the W register. If ‘d’ is ‘1’, the 
result is stored back in register ‘f’.

BCF Bit Clear f

Syntax: [ label ] BCF     f,b

Operands: 0 ≤ f ≤ 127
0 ≤ b ≤ 7

Operation: 0 → (f<b>)

Status Affected: None

Description: Bit ‘b’ in register ‘f’ is cleared.

BSF Bit Set f

Syntax: [ label ] BSF    f,b

Operands: 0 ≤ f ≤ 127
0 ≤ b ≤ 7

Operation: 1 → (f<b>)

Status Affected: None

Description: Bit ‘b’ in register ‘f’ is set.

BTFSC Bit Test f, Skip if Clear

Syntax: [ label ] BTFSC   f,b

Operands: 0 ≤ f ≤ 127
0 ≤ b ≤ 7

Operation: skip if (f<b>) = 0

Status Affected: None

Description: If bit ‘b’ in register ‘f’ is ‘1’, the next 
instruction is executed.
If bit ‘b’ in register ‘f’ is ‘0’, the next 
instruction is discarded, and a NOP 
is executed instead, making this a 
two-cycle instruction.
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14.0 DEVELOPMENT SUPPORT
The PIC® microcontrollers and dsPIC® digital signal
controllers are supported with a full range of software
and hardware development tools:

• Integrated Development Environment
- MPLAB® IDE Software

• Compilers/Assemblers/Linkers
- MPLAB C Compiler for Various Device

Families
- HI-TECH C for Various Device Families
- MPASMTM Assembler
- MPLINKTM Object Linker/

MPLIBTM Object Librarian
- MPLAB Assembler/Linker/Librarian for

Various Device Families
• Simulators

- MPLAB SIM Software Simulator
• Emulators

- MPLAB REAL ICE™ In-Circuit Emulator
• In-Circuit Debuggers

- MPLAB ICD 3
- PICkit™ 3 Debug Express

• Device Programmers
- PICkit™ 2 Programmer
- MPLAB PM3 Device Programmer

• Low-Cost Demonstration/Development Boards, 
Evaluation Kits, and Starter Kits

14.1 MPLAB Integrated Development 
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8/16/32-bit
microcontroller market. The MPLAB IDE is a Windows®

operating system-based application that contains:

• A single graphical interface to all debugging tools
- Simulator
- Programmer (sold separately)
- In-Circuit Emulator (sold separately)
- In-Circuit Debugger (sold separately)

• A full-featured editor with color-coded context
• A multiple project manager
• Customizable data windows with direct edit of 

contents
• High-level source code debugging
• Mouse over variable inspection
• Drag and drop variables from source to watch 

windows
• Extensive on-line help
• Integration of select third party tools, such as 

IAR C Compilers

The MPLAB IDE allows you to:

• Edit your source files (either C or assembly)
• One-touch compile or assemble, and download to 

emulator and simulator tools (automatically 
updates all project information)

• Debug using:
- Source files (C or assembly)
- Mixed C and assembly
- Machine code

MPLAB IDE supports multiple debugging tools in a
single development paradigm, from the cost-effective
simulators, through low-cost in-circuit debuggers, to
full-featured emulators. This eliminates the learning
curve when upgrading to tools with increased flexibility
and power.
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14.7 MPLAB SIM Software Simulator
The MPLAB SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC® DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on I/O, most peripherals and internal registers. 

The MPLAB SIM Software Simulator fully supports
symbolic debugging using the MPLAB C Compilers,
and the MPASM and MPLAB Assemblers. The soft-
ware simulator offers the flexibility to develop and
debug code outside of the hardware laboratory envi-
ronment, making it an excellent, economical software
development tool. 

14.8 MPLAB REAL ICE In-Circuit 
Emulator System

MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs PIC® Flash MCUs and dsPIC® Flash DSCs
with the easy-to-use, powerful graphical user interface of
the MPLAB Integrated Development Environment (IDE),
included with each kit. 

The emulator is connected to the design engineer’s PC
using a high-speed USB 2.0 interface and is connected
to the target with either a connector compatible with in-
circuit debugger systems (RJ11) or with the new high-
speed, noise tolerant, Low-Voltage Differential Signal
(LVDS) interconnection (CAT5). 

The emulator is field upgradable through future firmware
downloads in MPLAB IDE. In upcoming releases of
MPLAB IDE, new devices will be supported, and new
features will be added. MPLAB REAL ICE offers signifi-
cant advantages over competitive emulators including
low-cost, full-speed emulation, run-time variable
watches, trace analysis, complex breakpoints, a rugge-
dized probe interface and long (up to three meters) inter-
connection cables.

14.9 MPLAB ICD 3 In-Circuit Debugger 
System

MPLAB ICD 3 In-Circuit Debugger System is Micro-
chip's most cost effective high-speed hardware
debugger/programmer for Microchip Flash Digital Sig-
nal Controller (DSC) and microcontroller (MCU)
devices. It debugs and programs PIC® Flash microcon-
trollers and dsPIC® DSCs with the powerful, yet easy-
to-use graphical user interface of MPLAB Integrated
Development Environment (IDE).

The MPLAB ICD 3 In-Circuit Debugger probe is con-
nected to the design engineer's PC using a high-speed
USB 2.0 interface and is connected to the target with a
connector compatible with the MPLAB ICD 2 or MPLAB
REAL ICE systems (RJ-11). MPLAB ICD 3 supports all
MPLAB ICD 2 headers.

14.10 PICkit 3 In-Circuit Debugger/
Programmer and 
PICkit 3 Debug Express

The MPLAB PICkit 3 allows debugging and program-
ming of PIC® and dsPIC® Flash microcontrollers at a
most affordable price point using the powerful graphical
user interface of the MPLAB Integrated Development
Environment (IDE). The MPLAB PICkit 3 is connected
to the design engineer's PC using a full speed USB
interface and can be connected to the target via an
Microchip debug (RJ-11) connector (compatible with
MPLAB ICD 3 and MPLAB REAL ICE). The connector
uses two device I/O pins and the reset line to imple-
ment in-circuit debugging and In-Circuit Serial Pro-
gramming™.

The PICkit 3 Debug Express include the PICkit 3, demo
board and microcontroller, hookup cables and CDROM
with user’s guide, lessons, tutorial, compiler and
MPLAB IDE software.
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FIGURE 16-47: TYPICAL HFINTOSC FREQUENCY CHANGE vs. VDD (125°C)

FIGURE 16-48: TYPICAL HFINTOSC FREQUENCY CHANGE vs. VDD (-40°C)

-5

-4

-3

-2

-1

0

1

2

3

4

5

2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

VDD (V) 

C
ha

ng
e 

fr
om

 C
al

ib
ra

tio
n 

(%
)

-5

-4

-3

-2

-1

0

1

2

3

4

5

2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

VDD (V) 

C
ha

ng
e 

fr
om

 C
al

ib
ra

tio
n 

(%
)

© 2009 Microchip Technology Inc.  DS41288F-page 193



PIC16F610/616/16HV610/616

FIGURE 16-49: 0.6V REFERENCE VOLTAGE vs. TEMP (TYPICAL)

FIGURE 16-50: 1.2V REFERENCE VOLTAGE vs. TEMP (TYPICAL) 

FIGURE 16-51: SHUNT REGULATOR VOLTAGE vs. INPUT CURRENT  (TYPICAL)
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