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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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PIC16CE62X
4.2.2 SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
the CPU and peripheral functions for controlling the
desired operation of the device (Table 4-1). These
registers are static RAM.
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The special registers can be classified into two sets
(core and peripheral). The Special Function Registers
associated with the “core” functions are described in
this section. Those related to the operation of the
peripheral features are described in the section of that
peripheral feature. 
TABLE 4-1: SPECIAL REGISTERS FOR THE PIC16CE62X 

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

Value on all 
other 

resets(1)

Bank 0

00h INDF Addressing this location uses contents of FSR to address data memory (not a physical 
register)

xxxx xxxx xxxx xxxx

01h TMR0 Timer0 Module’s Register xxxx xxxx uuuu uuuu

02h PCL Program Counter's (PC) Least Significant Byte 0000 0000 0000 0000

03h STATUS IRP(2) RP1(2) RP0 TO PD Z DC C 0001 1xxx 000q quuu

04h FSR Indirect data memory address pointer xxxx xxxx uuuu uuuu

05h PORTA — — — RA4 RA3 RA2 RA1 RA0 ---x 0000 ---u 0000

06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RB0 xxxx xxxx uuuu uuuu

07h Unimplemented — —

08h Unimplemented — —

09h Unimplemented — —

0Ah PCLATH — — — Write buffer for upper 5 bits of program counter ---0 0000 ---0 0000

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

0Ch PIR1 — CMIF — — — — — — -0-- ---- -0-- ----

0Dh-1Eh Unimplemented — —

1Fh CMCON C2OUT C1OUT — — CIS CM2 CM1 CM0 00-- 0000 00-- 0000

Bank 1

80h INDF Addressing this location uses contents of FSR to address data memory (not a physical 
register)

xxxx xxxx xxxx xxxx

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

82h PCL Program Counter's (PC) Least Significant Byte 0000 0000 0000 0000

83h STATUS IRP RP1 RP0 TO PD Z DC C 0001 1xxx 000q quuu

84h FSR Indirect data memory address pointer xxxx xxxx uuuu uuuu

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

86h TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISB0 1111 1111 1111 1111

87h Unimplemented — —

88h Unimplemented — —

89h Unimplemented — —

8Ah PCLATH — — — Write buffer for upper 5 bits of program counter ---0 0000 ---0 0000

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

8Ch PIE1 — CMIE — — — — — — -0-- ---- -0-- ----

8Dh Unimplemented — —

8Eh PCON — — — — — — POR BOD ---- --0x ---- --uq

8Fh-9Eh Unimplemented — —

90h EEINTF — — — — — EESCL EESDA EEVDD ---- -111 ---- -111

9Fh VRCON VREN VROE VRR — VR3 VR2 VR1 VR0 000- 0000 000- 0000

Legend:  — = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, q = value depends on condition,  
               shaded = unimplemented

Note 1: Other (non power-up) resets include MCLR reset, Brown-out Reset and Watchdog Timer Reset during normal
operation.

Note 2: IRP & RPI bits are reserved; always maintain these bits clear.
 1998-2013 Microchip Technology Inc.



PIC16CE62X
4.2.2.4 PIE1 REGISTER

This register contains the individual enable bit for the
comparator interrupt.
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REGISTER 4-4: PIE1 REGISTER (ADDRESS 8CH) 

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

— CMIE — — — — — — R  =  Readable bit
W  =  Writable bit
U  =  Unimplemented bit, 

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

bit7 bit0

bit 7: Unimplemented: Read as '0'

bit  6: CMIE: Comparator Interrupt Enable bit
1 = Enables the Comparator interrupt
0 = Disables the Comparator interrupt

bit  5-0: Unimplemented: Read as '0'
4.2.2.5 PIR1 REGISTER

This register contains the individual flag bit for the com-
parator interrupt.

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>). User
software should ensure the appropriate
interrupt flag bits are clear prior to enabling
an interrupt.
REGISTER 4-5: PIR1 REGISTER (ADDRESS 0CH)

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

— CMIF — — — — — — R  =  Readable bit
W  =  Writable bit
U  =  Unimplemented bit, 

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

bit7 bit0

bit 7: Unimplemented: Read as '0'

bit  6: CMIF: Comparator Interrupt Flag bit
1 = Comparator input has changed
0 = Comparator input has not changed

bit  5-0: Unimplemented: Read as '0'
 1998-2013 Microchip Technology Inc.



PIC16CE62X
4.2.2.6 PCON REGISTER

The PCON register contains flag bits to differentiate
between a Power-on Reset, an external MCLR reset,
WDT reset or a Brown-out  Reset. 

Note: BOD is unknown on Power-on Reset. It
must then be set by the user and checked
on subsequent resets to see if BOD is
cleared, indicating a brown-out has
occurred. The BOD status bit is a "don't
care" and is not necessarily predictable if
the brown-out circuit is disabled (by
programming BODEN bit in the
configuration word).
 1998-2013 Microchip Technology Inc.
REGISTER 4-6: PCON REGISTER (ADDRESS 8Eh)

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

— — — — — — POR BOD R  =  Readable bit
W  =  Writable bit
U  =  Unimplemented bit, 

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

bit7 bit0

bit 7-2: Unimplemented: Read as '0'

bit  1: POR: Power-on Reset Status bit
1 = No Power-on Reset occurred
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

bit  0: BOD: Brown-out Reset Status bit
1 = No Brown-out Reset occurred
0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)
DS40182D-page 19



PIC16CE62X
FIGURE 7-3: TIMER0 TIMING: INTERNAL CLOCK/PRESCALE 1:2    

FIGURE 7-4: TIMER0 INTERRUPT TIMING    

PC-1

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

Instruction
Fetch

TMR0

PC PC+1 PC+2 PC+3 PC+4 PC+5 PC+6

T0 NT0+1

MOVWF TMR0 MOVF TMR0,W MOVF TMR0,W MOVF TMR0,W MOVF TMR0,W MOVF TMR0,W

Write TMR0
executed

Read TMR0
reads NT0

Read TMR0
reads NT0

Read TMR0
reads NT0

Read TMR0
reads NT0

Read TMR0
reads NT0 + 1

T0+1 NT0

Instruction
Execute

Q2Q1 Q3 Q4Q2Q1 Q3 Q4 Q2Q1 Q3 Q4 Q2Q1 Q3 Q4 Q2Q1 Q3 Q4

1 1

OSC1

CLKOUT(3)

TMR0 timer

T0IF bit
(INTCON<2>)

FEh

GIE bit
(INTCON<7>)

INSTRUCTION FLOW

PC

Instruction
fetched

PC PC +1 PC +1 0004h 0005h

Instruction
executed

Inst (PC)

Inst (PC-1)

Inst (PC+1)

Inst (PC)

Inst (0004h) Inst (0005h)

Inst (0004h)Dummy cycle Dummy cycle

FFh 00h 01h 02h

Note 1: T0IF interrupt flag is sampled here (every Q1).
2: Interrupt latency = 3TCY, where TCY = instruction cycle time.
3: CLKOUT is available only in RC oscillator mode.

Interrupt Latency Time
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PIC16CE62X
7.2 Using Timer0 with External Clock

When an external clock input is used for Timer0, it must
meet certain requirements. The external clock
requirement is due to internal phase clock (TOSC)
synchronization. Also, there is a delay in the actual
incrementing of Timer0 after synchronization.

7.2.1 EXTERNAL CLOCK SYNCHRONIZATION

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization
of T0CKI with the internal phase clocks is
accomplished by sampling the prescaler output on the
Q2 and Q4 cycles of the internal phase clocks
(Figure 7-5). Therefore, it is necessary for T0CKI to be
high for at least 2TOSC (and a small RC delay of 20 ns)
and low for at least 2TOSC (and a small RC delay of
20 ns). Refer to the electrical specification of the
desired device.
 1998-2013 Microchip Technology Inc.
When a prescaler is used, the external clock input is
divided by the asynchronous ripple-counter type
prescaler so that the prescaler output is symmetrical.
For the external clock to meet the sampling
requirement, the ripple-counter must be taken into
account. Therefore, it is necessary for T0CKI to have a
period of at least 4TOSC (and a small RC delay of 40 ns)
divided by the prescaler value. The only requirement on
T0CKI high and low time is that they do not violate the
minimum pulse width requirement of 10 ns. Refer to
parameters 40, 41 and 42 in the electrical specification
of the desired device.

7.2.2 TIMER0 INCREMENT DELAY

Since the prescaler output is synchronized with the
internal clocks, there is a small delay from the time the
external clock edge occurs to the time the TMR0 is
actually incremented. Figure 7-5 shows the delay from
the external clock edge to the timer incrementing.
FIGURE 7-5: TIMER0 TIMING WITH EXTERNAL CLOCK  

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

External Clock Input or
Prescaler output (2)

External Clock/Prescaler
Output after sampling

Increment Timer0 (Q4)

Timer0 T0 T0 + 1 T0 + 2

Small pulse
misses sampling

Note 1: Delay from clock input change to Timer0 increment is 3TOSC to 7TOSC. (Duration of Q = TOSC).
Therefore, the error in measuring the interval between two edges on Timer0 input = ±4TOSC max.

2: External clock if no prescaler selected; prescaler output otherwise.
3: The arrows indicate the points in time where sampling occurs.

(3)
(1)
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PIC16CE62X
9.0 VOLTAGE REFERENCE 
MODULE

The Voltage Reference is a 16-tap resistor ladder
network that provides a selectable voltage reference.
The resistor ladder is segmented to provide two ranges
of VREF values and has a power-down function to
conserve power when the reference is not being used.
The VRCON register controls the operation of the
reference as shown in Register 9-1. The block diagram
is given in Figure 9-1.
 1998-2013 Microchip Technology Inc.
9.1 Configuring the Voltage Reference

The Voltage Reference can output 16 distinct voltage
levels for each range.

The equations used to calculate the output of the
Voltage Reference are as follows:

if VRR = 1: VREF = (VR<3:0>/24) x VDD

if VRR = 0: VREF = (VDD x 1/4) + (VR<3:0>/32) x VDD

The setting time of the Voltage Reference must be
considered when changing the VREF output
(Table 13-1). Example 9-1 shows an example of how to
configure the Voltage Reference for an output voltage
of 1.25V with VDD = 5.0V.
REGISTER 9-1:  VRCON REGISTER (ADDRESS 9Fh)

FIGURE 9-1: VOLTAGE REFERENCE BLOCK DIAGRAM

R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
VREN VROE VRR — VR3 VR2 VR1 VR0 R = Readable bit

W = Writable bit
U = Unimplemented bit, 

read as ‘0’
- n = Value at POR reset

bit7 bit0

bit  7: VREN: VREF Enable
1 = VREF circuit powered on
0 = VREF circuit powered down, no IDD drain

bit  6: VROE: VREF Output Enable
1 = VREF is output on RA2 pin
0 = VREF is disconnected from RA2 pin

bit  5: VRR: VREF Range selection
1 = Low Range
0 = High Range

bit 4: Unimplemented: Read as '0'

bit  3-0: VR<3:0>: VREF value selection 0  VR [3:0]  15
when VRR = 1: VREF = (VR<3:0>/ 24) * VDD

when VRR = 0: VREF = 1/4 * VDD + (VR<3:0>/ 32) * VDD

Note: R is defined in Table 13-2.

VRR8R

VR3

VR0
(From VRCON<3:0>)16-1 Analog Mux

8R R R R R
VREN

VREF

16 Stages
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PIC16CE62X
10.2 Oscillator Configurations

10.2.1  OSCILLATOR TYPES

The PIC16CE62X can be operated in four different
oscillator options. The user can program two
configuration bits (FOSC1 and FOSC0) to select one of
these four modes:

• LP Low Power Crystal
• XT Crystal/Resonator

• HS High Speed Crystal/Resonator
• RC Resistor/Capacitor

10.2.2 CRYSTAL OSCILLATOR / CERAMIC 
RESONATORS

In XT, LP or HS modes, a crystal or ceramic resonator
is connected to the OSC1 and OSC2 pins to establish
oscillation (Figure 10-1). The PIC16CE62X oscillator
design requires the use of a parallel cut crystal. Use of
a series cut crystal may give a frequency out of the
crystal manufacturers specifications. When in XT, LP or
HS modes, the device can have an external clock
source to drive the OSC1 pin (Figure 10-2).

FIGURE 10-1: CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP OSC 
CONFIGURATION)

FIGURE 10-2: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT OR LP 
OSC CONFIGURATION)

See Table 10-1 and Table 10-2 for recommended values 
of C1 and C2.

Note: A series resistor may be required for AT 
strip cut crystals.

C1

C2

XTAL

OSC2

RS  

OSC1

RF SLEEP

To Internal Logic

PIC16CE62Xsee Note

Clock From
ext. system

PIC16CE62X
OSC1

OSC2Open
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TABLE 10-1: CERAMIC RESONATORS, 
PIC16CE62X 

TABLE 10-2: CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR, 
PIC16CE62X

1. Recommended values of C1 and C2 are identical to
the ranges tested table.

2. Higher capacitance increases the stability of oscillator,
but also increases the start-up time.

3. Since each resonator/crystal has its own characteris-
tics, the user should consult the resonator/crystal
manufacturer for appropriate values of external com-
ponents.

4. Rs may be required in HS mode, as well as XT mode,
to avoid overdriving crystals with low drive level spec-
ification.

Ranges Tested:

Mode Freq OSC1 OSC2

XT 455 kHz
2.0 MHz
4.0 MHz

68 - 100 pF
15 - 68 pF
15 - 68 pF

68 - 100 pF
15 - 68 pF
15 - 68 pF

HS 8.0 MHz
16.0 MHz

10 - 68 pF
10 - 22 pF

10 - 68 pF
10 - 22 pF

These values are for design guidance only. See notes at 
bottom of page.

Osc Type
Crystal 

Freq
Cap. Range 

C1
Cap. Range 

C2

LP 32 kHz 33 pF 33 pF

200 kHz 15 pF 15 pF

XT 200 kHz 47-68 pF 47-68 pF

1 MHz 15 pF 15 pF

4 MHz 15 pF 15 pF

HS 4 MHz 15 pF 15 pF

8 MHz 15-33 pF 15-33 pF

20 MHz 15-33 pF 15-33 pF

These values are for design guidance only. See notes at 
bottom of page.
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PIC16CE62X
10.2.3 EXTERNAL CRYSTAL OSCILLATOR 
CIRCUIT

Either a prepackaged oscillator can be used or a simple
oscillator circuit with TTL gates can be built. Prepack-
aged oscillators provide a wide operating range and
better stability. A well-designed crystal oscillator will
provide good performance with TTL gates. Two types of
crystal oscillator circuits can be used; one with series
resonance or one with parallel resonance.

Figure 10-3 shows implementation of a parallel reso-
nant oscillator circuit. The circuit is designed to use the
fundamental frequency of the crystal. The 74AS04
inverter performs the 180 phase shift that a parallel
oscillator requires. The 4.7 k resistor provides the
negative feedback for stability. The 10 k
potentiometers bias the 74AS04 in the linear region.
This could be used for external oscillator designs.

FIGURE 10-3: EXTERNAL PARALLEL 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT

Figure 10-4 shows a series resonant oscillator circuit.
This circuit is also designed to use the fundamental
frequency of the crystal. The inverter performs a 180
phase shift in a series resonant oscillator circuit. The
330 k resistors provide the negative feedback to bias
the inverters in their linear region.

FIGURE 10-4: EXTERNAL SERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT

20 pF

+5V

20 pF

10k
4.7k

10k

74AS04

XTAL

10k

74AS04 PIC16CE62X

CLKIN

To Other
Devices

330 

74AS04 74AS04 PIC16CE62X

CLKIN

To other
Devices

XTAL

330

74AS04

0.1 F
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10.2.4 RC OSCILLATOR

For timing insensitive applications the “RC” device
option offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the
resistor (Rext) and capacitor (Cext) values, and the
operating temperature. In addition to this, the oscillator
frequency will vary from unit to unit due to normal
process parameter variation. Furthermore, the
difference in lead frame capacitance between package
types will also affect the oscillation frequency,
especially for low Cext values. The user also needs to
take into account variation due to tolerance of external
R and C components used. Figure 10-5 shows how the
R/C combination is connected to the PIC16CE62X. For
Rext values below 2.2 k, the oscillator operation may
become unstable, or stop completely. For very high
Rext values (i.e., 1 M), the oscillator becomes
sensitive to noise, humidity and leakage. Thus, we
recommend to keep Rext between 3 k and 100 k. 

Although the oscillator will operate with no external
capacitor (Cext = 0 pF), we recommend using values
above 20 pF for noise and stability reasons. With no or
small external capacitance, the oscillation frequency
can vary dramatically due to changes in external
capacitances, such as PCB trace capacitance or
package lead frame capacitance.

See Section 14.0 for RC frequency variation from part
to part due to normal process variation. The variation is
larger for larger R (since leakage current variation will
affect RC frequency more for large R) and for smaller C
(since variation of input capacitance will affect RC fre-
quency more).

See Section 14.0 for variation of oscillator frequency
due to VDD for given Rext/Cext values, as well as
frequency variation due to operating temperature for
given R, C, and VDD values. 

The oscillator frequency, divided by 4, is available on
the OSC2/CLKOUT pin and can be used for test pur-
poses or to synchronize other logic (Figure 3-2 for
waveform).

FIGURE 10-5: RC OSCILLATOR MODE

OSC2/CLKOUT

Cext

Rext

VDD

PIC16CE62X

OSC1

FOSC/4

Internal Clock

VDD
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PIC16CE62X
11.1 Instruction Descriptions 

ADDLW Add Literal and W

Syntax: [ label ]  ADDLW     k

Operands: 0  k  255

Operation: (W) + k  (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  f  127
d 

Operation: (W) + (f)  (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 
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
 1998-2013 Microchip Technology Inc.
ANDLW AND Literal with W

Syntax: [ label ]  ANDLW     k

Operands: 0  k  255

Operation: (W) .AND. (k)  (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  f  127
d 

Operation: (W) .AND. (f)  (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 
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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BCF Bit Clear f

Syntax: [ label ] BCF     f,b

Operands: 0  f  127
0  b  7

Operation: 0  (f<b>)

Status Affected: None

Encoding: 01 00bb bfff ffff

Description: Bit 'b' in register 'f' is cleared.

Words: 1

Cycles: 1

Example BCF FLAG_REG, 7

Before Instruction
FLAG_REG = 0xC7

After Instruction
FLAG_REG = 0x47

BSF Bit Set f

Syntax: [ label ] BSF    f,b

Operands: 0  f  127
0  b  7

Operation: 1  (f<b>)

Status Affected: None

Encoding: 01 01bb bfff ffff

Description: Bit 'b' in register 'f' is set.

Words: 1

Cycles: 1

Example BSF FLAG_REG,   7

Before Instruction
FLAG_REG = 0x0A

After Instruction
FLAG_REG = 0x8A
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BTFSC Bit Test, Skip if Clear

Syntax: [ label ] BTFSC   f,b

Operands: 0  f  127
0  b  7

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

Status Affected: None

Encoding:  01 10bb bfff ffff

Description: If bit 'b' in register 'f' is '0', then the next 
instruction is skipped.
If bit 'b' is '0', then the next instruction 
fetched during the current instruction 
execution is discarded, and a NOP is 
executed instead, making this a  
two-cycle instruction.

Words: 1

Cycles: 1(2)

Example HERE
FALSE
TRUE

BTFSC
GOTO
•
•
•

FLAG,1
PROCESS_CODE

Before Instruction
PC = address HERE

After Instruction
if FLAG<1> = 0,
PC =         address TRUE
if FLAG<1>=1,
PC =         address  FALSE
 1998-2013 Microchip Technology Inc.
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IORWF Inclusive OR W with f

Syntax: [ label ]    IORWF    f,d

Operands: 0  f  127
d  [0,1]

Operation: (W) .OR. (f)  (dest)

Status Affected: Z

Encoding: 00 0100 dfff ffff

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'.

Words: 1

Cycles: 1

Example IORWF RESULT, 0

Before Instruction
RESULT = 0x13
W = 0x91

After Instruction
RESULT = 0x13
W = 0x93
Z = 1

MOVLW Move Literal to W

Syntax: [ label ]    MOVLW   k

Operands: 0  k  255

Operation: k  (W)

Status Affected: None

Encoding: 11 00xx kkkk kkkk

Description: The eight bit literal 'k' is loaded into W 
register. The don’t cares will assemble 
as 0’s.

Words: 1

Cycles: 1

Example MOVLW 0x5A

After Instruction
W = 0x5A
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MOVF Move f

Syntax: [ label ]    MOVF   f,d

Operands: 0  f  127
d  [0,1]

Operation: (f)  (dest)

Status Affected: Z

Encoding: 00 1000 dfff ffff

Description: The contents of register f are moved 
to a destination dependant upon the 
status of d. If d = 0, destination is W 
register. If d = 1, the destination is file 
register f itself. d = 1 is useful to test a 
file register since status flag Z is 
affected.

Words: 1

Cycles: 1

Example MOVF FSR, 0

After Instruction
W = value in FSR register
Z = 1

MOVWF Move W to f

Syntax: [ label ]    MOVWF     f

Operands: 0  f  127

Operation: (W)  (f)

Status Affected: None

Encoding: 00 0000 1fff ffff

Description: Move data from W register to register 
'f'.

Words: 1

Cycles: 1

Example MOVWF OPTION

Before Instruction
OPTION = 0xFF
W = 0x4F

After Instruction
OPTION = 0x4F
W = 0x4F
 1998-2013 Microchip Technology Inc.
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SWAPF Swap Nibbles in f

Syntax: [ label ] SWAPF  f,d

Operands: 0  f  127
d  [0,1]

Operation: (f<3:0>)  (dest<7:4>),
(f<7:4>)  (dest<3:0>)

Status Affected: None

Encoding: 00 1110 dfff ffff

Description: The upper and lower nibbles of 
register 'f' are exchanged.  If 'd' is 0, 
the result is placed in W register. If 'd' 
is 1, the result is placed in register 'f'.

Words: 1

Cycles: 1

Example SWAPF REG, 0

Before Instruction

REG1 = 0xA5

After Instruction

REG1 = 0xA5
W = 0x5A

TRIS Load TRIS Register

Syntax: [ label ] TRIS f

Operands: 5  f  7

Operation: (W)  TRIS register f;

Status Affected: None

Encoding: 00 0000 0110 0fff

Description: The instruction is supported for code 
compatibility with the PIC16C5X 
products.  Since TRIS registers are 
readable and writable, the user can 
directly address them. 

Words: 1

Cycles: 1

Example

To maintain upward compatibility 

with future PIC® MCU products, do 
not use this instruction.
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XORLW Exclusive OR Literal with W

Syntax: [ label ] XORLW   k

Operands: 0 k 255

Operation: (W) .XOR. k W)

Status Affected: Z

Encoding: 11 1010 kkkk kkkk

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

Words: 1

Cycles: 1

Example: XORLW 0xAF

Before Instruction

W = 0xB5

After Instruction

W = 0x1A

XORWF Exclusive OR W with f

Syntax: [ label ] XORWF    f,d

Operands: 0  f  127
d  [0,1]

Operation: (W) .XOR. (f) dest)

Status Affected: Z

Encoding: 00 0110 dfff ffff

Description: Exclusive OR 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 reg-
ister 'f'.

Words: 1

Cycles: 1

Example XORWF REG 1

Before Instruction

REG = 0xAF
W = 0xB5

After Instruction

REG = 0x1A
W = 0xB5
 1998-2013 Microchip Technology Inc.
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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.
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13.0 ELECTRICAL SPECIFICATIONS
Absolute Maximum Ratings † 

Ambient Temperature under bias .............................................................................................................. -40 to +125C

Storage Temperature ................................................................................................................................ -65 to +150C

Voltage on any pin with respect to VSS (except VDD and MCLR)........................................................-0.6V to VDD +0.6V

Voltage on VDD with respect to VSS ................................................................................................................ 0 to +7.0V

Voltage on RA4 with respect to VSS...........................................................................................................................8.5V

Voltage on MCLR with respect to VSS (Note 2)..................................................................................................0 to +14V

Voltage on RA4 with respect to VSS...........................................................................................................................8.5V

Total power Dissipation (Note 1) ...............................................................................................................................1.0W

Maximum Current out of VSS pin...........................................................................................................................300 mA

Maximum Current into VDD pin .............................................................................................................................250 mA

Input Clamp Current, IIK (VI <0 or VI> VDD)  20 mA

Output Clamp Current, IOK (VO <0 or VO>VDD)  20 mA

Maximum Output Current sunk by any I/O pin ........................................................................................................25 mA

Maximum Output Current sourced by any I/O pin...................................................................................................25 mA

Maximum Current sunk byPORTA and PORTB ...................................................................................................200 mA

Maximum Current sourced by PORTA and PORTB..............................................................................................200 mA

Note  1: Power dissipation is calculated as follows: PDIS = VDD x {IDD -  IOH} +  {(VDD-VOH) x IOH} + (VOl x IOL)

2: Voltage spikes below VSS at the MCLR pin, inducing currents greater than 80 mA, may cause latch-up. Thus,
a series resistor of 50-100¾ should be used when applying a "low" level to the MCLR pin rather than pulling
this pin directly to VSS.

† NOTICE:  Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at those or any other conditions above 
those indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions 
for extended periods may affect device reliability.
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13.1 DC CHARACTERISTICS: PIC16CE62X-04 (Commercial, Industrial, Extended)

PIC16CE62X-20 (Commercial, Industrial, Extended)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature –40C  TA  +85C for industrial and 

0C  TA  +70C for commercial and
–40C  TA  +125C for extended

Param 
No.

Sym Characteristic Min Typ† Max Units Conditions

D001 VDD Supply Voltage 3.0 – 5.5 V See Figure 13-1 through Figure 13-3

D002 VDR RAM Data Retention
Voltage (Note 1)

– 1.5* – V Device in SLEEP mode

D003 VPOR VDD start voltage to
ensure Power-on Reset

– VSS – V See section on power-on reset for details

D004 SVDD VDD rise rate to ensure 
Power-on Reset

0.05* – – V/ms See section on power-on reset for details

D005 VBOR Brown-out Detect Voltage 3.7 4.0 4.35 V BOREN configuration bit is cleared

D010 IDD Supply Current (Note 2, 4) –

–

–

–

–

–

1.2

0.4

1.0

4.0

4.0

35

2.0

1.2

2.0

6.0

7.0

70

mA

mA

mA

mA

mA

A

FOSC = 4 MHz, VDD = 5.5V, WDT disabled, 
XT osc mode, (Note 4)* 
FOSC = 4 MHz, VDD = 3.0V, WDT disabled, 
XT osc mode, (Note 4) 
FOSC = 10 MHz, VDD = 3.0V, WDT disabled, 
HS osc mode, (Note 6) 
FOSC = 20 MHz, VDD = 4.5V, WDT disabled,
HS osc mode
FOSC = 20 MHz, VDD = 5.5V, WDT disabled*, 
HS osc mode
FOSC = 32 kHz, VDD = 3.0V, WDT disabled, 
LP osc mode

D020 IPD Power Down Current (Note 3) –
–
–
–

–
–
–
–

2.2
5.0
9.0
15

A
A
A
A

VDD = 3.0V
VDD = 4.5V*
VDD = 5.5V
VDD = 5.5V Extended

D022

D022A
D023

D023A

IWDT

IBOR

ICOMP

IVREF

WDT Current (Note 5)

Brown-out Reset Current (Note 5)
Comparator Current for each 
Comparator (Note 5)
VREF Current (Note 5)

–

–
–

–

6.0

75
30

80

10
12

125
60

135

A
A
A
A

A

VDD = 4.0V
(125C)
BOD enabled, VDD = 5.0V
VDD = 4.0V

VDD = 4.0V

IEE Write
IEE Read
IEE

IEE

Operating Current
Operating Current
Standby Current
Standby Current

–
–
–
–

3
1
30

100

mA
mA
A
A

VCC = 5.5V, SCL = 400 kHz

VCC = 3.0V, EE VDD = VCC

VCC = 3.0V, EE VDD = VCC

1A FOSC LP Oscillator Operating Frequency
RC Oscillator Operating Frequency
XT Oscillator Operating Frequency
HS Oscillator Operating Frequency

0
0
0
0

–
–
–
–

200
4
4
20

kHz
MHz
MHz
MHz

All temperatures
All temperatures
All temperatures
All temperatures

* These parameters are characterized but not tested.
† Data in "Typ" column is at 5.0V, 25C, unless otherwise stated.  These parameters are for design guidance only and are not 

tested.
Note 1: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency.  Other factors such as I/O pin loading and 
switching rate, oscillator type, internal code execution pattern, and temperature also have an impact on the current  con-
sumption.
The test conditions for all IDD measurements in active operation mode are: 
OSC1 = external square wave, from rail to rail; all I/O pins  tri-stated, pulled to VDD, 
MCLR = VDD; WDT enabled/disabled as specified. 

3: The power down current in SLEEP mode does not depend on the oscillator type.  Power down current is measured with the 
part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD or VSS.  

4: For RC osc configuration, current through Rext is not included.  The current through the resistor can be estimated by the for-
mula  Ir = VDD/2Rext  (mA) with Rext in k.

5: The  current is the additional current consumed when this peripheral is enabled.  This current should be added to the base 
IDD or IPD measurement.

6: Commercial temperature range only.
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13.3 DC CHARACTERISTICS: PIC16CE62X-04 (Commercial, Industrial, Extended)
PIC16CE62X-20 (Commercial, Industrial, Extended)
PIC16LCE62X (Commercial, Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature –40°C  TA  +85°C for industrial and 

0°C  TA  +70°C for commercial and
–40°C  TA  +125°C for extended

Operating voltage  VDD range as described in DC spec Table 13-1

Parm 
No.

Sym Characteristic Min Typ† Max Unit Conditions

VIL Input Low Voltage
I/O ports

D030 with TTL buffer VSS – 0.8V
0.15VDD

V VDD = 4.5V to 5.5V, Otherwise

D031 with Schmitt Trigger input VSS 0.2VDD V
D032 MCLR, RA4/T0CKI,OSC1 (in RC 

mode)
VSS – 0.2VDD V Note1

D033 OSC1 (in XT and HS) 
OSC1 (in LP)

VSS

VSS

–
–

0.3VDD

0.6VDD - 1.0
V
V

VIH Input High Voltage
I/O ports

D040 with TTL buffer 2.0V
 .25VDD + 0.8V

– VDD

VDD

V VDD = 4.5V to 5.5V, Otherwise

D041 with Schmitt Trigger input 0.8VDD VDD

D042 MCLR RA4/T0CKI 0.8VDD – VDD V
D043
D043A

OSC1 (XT, HS and LP)
OSC1 (in RC mode)

0.7VDD

0.9VDD

– VDD V
Note1

D070 IPURB PORTB weak pull-up current 50 200 400 A VDD = 5.0V, VPIN = VSS

IIL
Input Leakage Current
 (Notes 2, 3)
I/O ports (Except PORTA) 1.0 A VSS  VPIN  VDD, pin at hi-impedance

D060 PORTA – – 0.5 A Vss VPIN VDD, pin at hi-impedance
D061 RA4/T0CKI – – 1.0 A Vss VPIN VDD

D063 OSC1, MCLR – – 5.0 A Vss VPIN VDD, XT, HS and LP osc 
configuration

VOL Output Low Voltage
D080 I/O ports – – 0.6 V IOL=8.5 mA, VDD=4.5V,  -40 to +85C

– – 0.6 V IOL=7.0 mA, VDD=4.5V,  +125C
D083 OSC2/CLKOUT (RC only) – – 0.6 V IOL=1.6 mA, VDD=4.5V,  -40 to +85C

– – 0.6 V IOL=1.2 mA, VDD=4.5V,  +125C
VOH Output High Voltage (Note 3)

D090 I/O ports (Except RA4)  VDD-0.7 – – V IOH=-3.0 mA, VDD=4.5V,  -40 to +85
VDD-0.7 – – V IOH=-2.5 mA, VDD=4.5V,  +125C

D092 OSC2/CLKOUT (RC only) VDD-0.7 – – V IOH=-1.3 mA, VDD=4.5V,  -40 to +85
VDD-0.7 – – V IOH=-1.0 mA, VDD=4.5V,  +125C

*D150 VOD Open-Drain High Voltage 8.5 V RA4 pin
Capacitive Loading Specs on  
Output Pins

D100 COSC
2

OSC2 pin 15 pF In XT, HS and LP modes when extern
clock used to drive OSC1.

D101 Cio All I/O pins/OSC2 (in RC mode) 50 pF
* These parameters are characterized but not tested.
† Data in “Typ” column is at 5.0V, 25C unless otherwise stated.  These parameters are for design guidance only and ar

not tested.
Note 1: In RC oscillator configuration, the OSC1 pin is a Schmitt Trigger input.  It is not recommended that the PIC16CE62X  b

driven with external clock in RC mode.
2: The leakage current on the MCLR pin is strongly dependent on applied voltage level.  The specified levels represent 

normal operating conditions.  Higher leakage current may be measured at different input voltages.
3: Negative current is defined as coming out of the pin.
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NOTES:
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