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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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TABLE 2-2: PIC16F753/HV753 SPECIAL REGISTERS SUMMARY BANK 1

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

V

   Bank 1

80h INDF INDF<7:0> xxxx xxxx uu

81h OPTION_REG RAPU INTEDG T0CS T0SE PSA PS<2:0> 1111 1111 11

82h PCL PCL<7:0> 0000 0000 00

83h STATUS IRP RP1 RP0 TO PD Z DC C 0001 1xxx 00

84h FSR FSR xxxx xxxx uu

85h TRISA — — TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 --11 1111 --

86h — Unimplemented —

87h TRISC — — TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 --11 1111 --

88h IOCAP — — IOCAP5 IOCAP4 IOCAP3 IOCAP2 IOCAP1 IOCAP0 --00 0000 --

89h IOCCP — — IOCCP5 IOCCP4 IOCCP3 IOCCP2 IOCCP1 IOCCP0 --00 0000 --

8Ah PCLATH — — — PCLATH<4:0> ---0 0000 --

8Bh INTCON GIE PEIE T0IE INTE IOCIE T0IF INTF IOCIF 0000 0000 00

8Ch PIE1 TMR1GIE ADIE — — HLTMR2IE HLTMR1IE TMR2IE TMR1IE 00-- 0000 00

8Dh PIE2 — — C2IE C1IE — COG1IE — CCP1IE --00 -0-0 --

8Eh — Unimplemented —

8Fh OSCCON — — IRCF<1:0> — HTS LTS — --01 -00- --

90h FVR1CON0 FVREN FVRRDY FVROE FVRBUFSS1 FVRBUFSS0 — — FVRBUFEN 0000 0--0 00

91h DAC1CON0 DACEN DACFM DACOE — DACPSS1 DACPSS0 — — 000- 00-- 00

92h DAC1REFL Least Significant bit of the left shifted result or eight bits of the right shifted DAC setting 0000 0000 00

93h DAC1REFH Most Significant eight bits of the left shifted DAC setting or first bit of the right shifted result 0000 0000 00

94h — Unimplemented —

95h — Unimplemented —

96h OPA1CON OPA1EN — — OPA1UGM OPA1NCH<1:0> OPA1PCH<1:0> 0--0 0000 0-

97h — Unimplemented —

98h — Unimplemented —

99h — Unimplemented —

9Ah — Unimplemented —

9Bh CM2CON0 C2ON C2OUT C2OE C2POL C2ZLF C2SP C2HYS C2SYNC 0000 0100 00

9Ch CM2CON1 C2INTP C2INTN C2PCH<2:0> C2NCH<2:0> 0000 0000 00

9Dh CM1CON0 C1ON C1OUT C1OE C1POL C1ZLF C1SP C1HYS C1SYNC 0000 0100 00

9Eh CM1CON1 C1INTP C1INTN C1PCH<2:0> C1NCH<2:0> 0000 0000 00

9Fh CMOUT — — — — — — MCOUT2 MCOUT1 ---- --00 --

Legend: — = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, q = value depends on condition shaded = unimplemented.
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3.0 FLASH PROGRAM MEMORY 
SELF-READ/SELF-WRITE 
CONTROL

The Flash program memory is readable and writable
during normal operation (full VDD range). This memory
is not directly mapped in the register file space.
Instead, it is indirectly addressed through the Special
Function Registers (see Registers 3-1 to 3-5). There
are six SFRs used to read and write this memory:

• PMCON1

• PMCON2

• PMDATL

• PMDATH

• PMADRL

• PMADRH

When interfacing the program memory block, the
PMDATL and PMDATH registers form a two-byte word
which holds the 14-bit data for read/write, and the
PMADRL and PMADRH registers form a two-byte
word which holds the 10-bit address of the Flash loca-
tion being accessed. These devices have 1K words of
program Flash with an address range from 0000h to
03FFh.

The program memory allows a single-word read and a
four-word write. A four-word write automatically erases
the row of the location and writes the new data (erase
before write).

The write time is controlled by an on-chip timer. The
write/erase voltages are generated by an on-chip
charge pump rated to operate over the voltage range
of the device for byte or word operations.

When the device is code-protected, the CPU may
continue to read and write the Flash program memory.

Depending on the settings of the Flash Program
Memory Enable (WRT<1:0>) bits, the device may or
may not be able to write certain blocks of the program
memory; however, reads of the program memory are
allowed. 

When the Flash program memory Code Protection
(CP) bit in the Configuration Word register is enabled,
the program memory is code-protected, and the
device programmer (ICSP™) cannot access data or
program memory. 

3.1 PMADRH and PMADRL Registers

The PMADRH and PMADRL registers can address up
to a maximum of 1K words of program memory. 

When selecting a program address value, the Most
Significant Byte (MSB) of the address is written to the
PMADRH register and the Least Significant Byte
(LSB) is written to the PMADRL register.

3.2 PMCON1 and PMCON2 Registers

PMCON1 is the control register for the data program
memory accesses.

Control bits RD and WR initiate read and write,
respectively. These bits cannot be cleared, only set in
software. They are cleared in hardware at completion
of the read or write operation. The inability to clear the
WR bit in software prevents the accidental premature
termination of a write operation.

The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear.

PMCON2 is not a physical register. Reading PMCON2
will read all ‘0’s. The PMCON2 register is used
exclusively in the Flash memory write sequence.
 2013-2016 Microchip Technology Inc. DS40001709D-page 25
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REGISTER 5-7: IOCAP: INTERRUPT-ON-CHANGE POSITIVE EDGE REGISTER
U-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0

— — IOCAP5 IOCAP4 IOCAP3 IOCAP2 IOCAP1 IOCAP0

bit 7 bit 0

Legend:

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

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-6 Unimplemented: Read as ‘0’

bit 5-0 IOCAP<5:0>: Interrupt-on-Change Positive Edge Enable bits
1 = Interrupt-on-Change enabled on the pin for a positive going edge. Associated Status bit and interrupt flag will

be set upon detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin.

REGISTER 5-8: IOCAN: INTERRUPT-ON-CHANGE NEGATIVE EDGE REGISTER
U-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0

— — IOCAN5 IOCAN4 IOCAN3 IOCAN2 IOCAN1 IOCAN0

bit 7 bit 0

Legend:

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

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-6 Unimplemented: Read as ‘0’

bit 5-0 IOCAN<5:0>: Interrupt-on-Change Negative Edge Enable bits
1 = Interrupt-on-Change enabled on the pin for a negative going edge. Associated Status bit and interrupt flag will

be set upon detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin.

REGISTER 5-9: IOCAF: INTERRUPT-ON-CHANGE FLAG REGISTER
U-0 U-0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0

— — IOCAF5 IOCAF4 IOCAF3 IOCAF2 IOCAF1 IOCAF0

bit 7 bit 0

Legend:

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

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared HS - Bit is set in hardware

bit 7-6 Unimplemented: Read as ‘0’

bit 5-0 IOCAF<5:0>: Interrupt-on-Change Flag bits
1 = An enabled change was detected on the associated pin.

Set when IOCAPx = 1 and a rising edge was detected on RBx, or when IOCANx = 1 and a falling edge was
detected on RAx.

0 = No change was detected, or the user cleared the detected change.
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TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Register 
on Page

ADCON0 ADFM — CHS<3:0> GO/DONE ADON 109

ADCON1 — ADCS<2:0> — — — ADPREF1 110

ANSELA — — — ANSA4 — ANSA2 ANSA1 ANSA0 44

APFCON — — — T1GSEL — — — — 40

CM1CON0 C1ON C1OUT C1OE C1POL C1ZLF C1SP C1HYS C1SYNC 129

CM2CON0 C2ON C2OUT C2OE C2POL C2ZLF C2SP C2HYS C2SYNC 129

CM1CON1 C1INTP C1INTN C1PCH<2:0> C1NCH<2:0> 130

CM2CON1 C2INTP C2INTN C2PCH<2:0> C2NCH<2:0> 130

DAC1CON0 DACEN DACFM DACOE — DACPSS1 DACPSS0 — — 120

IOCAF — — IOCAF5 IOCAF4 IOCAF3 IOCAF2 IOCAF1 IOCAF0 45

IOCAN — — IOCAN5 IOCAN4 IOCAN3 IOCAN2 IOCAN1 IOCAN0 45

IOCAP — — IOCAP5 IOCAP4 IOCAP3 IOCAP2 IOCAP1 IOCAP0 45

LATA — — LATA5 LATA4 — LATA2 LATA1 LATA0 43

OPTION_REG RAPU INTEDG T0CS T0SE PSA PS<2:0> 16

PORTA — — RA5 RA4 RA3 RA2 RA1 RA0 43

TRISA — — TRISA5 TRISA4 TRISA3(1) TRISA2 TRISA1 TRISA0 43

Legend: x = unknown, u = unchanged, – = unimplemented locations read as ‘0’. Shaded cells are not used by PORTA.
Note 1: TRISA3 always reads ‘1’.
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5.6 PORTC Registers

PORTC is a 6-bit wide port with five bidirectional and one
input-only pin. The corresponding data direction register
is TRISC (Register 5-2). Setting a TRISC bit (= 1) will
make the corresponding PORTC pin an input (i.e.,
disable the output driver). Clearing a TRISC bit (= 0) will
make the corresponding PORTC pin an output (i.e.,
enables output driver and puts the contents of the output
latch on the selected pin). The exception is RA3, which
is input-only and its TRIS bit will always read as ‘1’.
Example 5-1 shows how to initialize PORTC.

Reading the PORTC register (Register 5-2) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then
written to the PORT data latch. RC3 reads ‘0’ when
MCLRE = 1.

The TRISC register controls the direction of the
PORTC pins, even when they are being used as
analog inputs. The user must ensure the bits in the
TRISC register are maintained set when using them as
analog inputs. I/O pins configured as analog input
always read ‘0’.

5.6.1 PORTC FUNCTIONS AND OUTPUT 
PRIORITIES

Each PORTC pin is multiplexed with other functions. The
pins, their combined functions and their output priorities
are shown in Table 5-1.

When multiple outputs are enabled, the actual pin
control goes to the peripheral with the highest priority.

Analog input functions, such as comparator inputs, are
not shown in the priority lists. These inputs are active
when the peripheral is enabled and the input multiplexer
for the pin is selected. The Analog mode, set with the
ANSELC register, disables the digital input buffer
thereby preventing excessive input current when the
analog input voltage is between logic states. Digital
output functions may control the pin when it is in Analog
mode with the priority shown in Table 5-1.

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.

TABLE 5-3: PORTC OUTPUT PRIORITY

Pin Name Function Priority

RC0 OPA1IN+
C2IN0+
RC0

RC1 OPA1IN-
C1IN1-
C2IN1-
RC1

RC2 SLPCIN
OPA1OUT
C1IN2-
C2IN2-
RC2

RC3 C1IN3-
C2IN3-
RC3

RC4 COG1OUT1
C2OUT
RC4

RC5 COG1OUT0
CCP1
RC5
 2013-2016 Microchip Technology Inc. DS40001709D-page 47
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11.4 Output Control

Upon disabling, or immediately after enabling the COG
module, the complementary drive is configured with
COGxOUT0 drive inactive and COGxOUT1 drive
active.

11.4.1 OUTPUT ENABLES

Each COG output pin has an individual output enable
control. Output enables are selected with the GxOE0 and
GxOE1 bits of the COGxCON0 register (Register 11-1).
When an output enable control is cleared, the module
asserts no control over the pin. When an output enable is
set, the override value or PWM waveform is applied to
the pin per the port priority selection.

The device pin output enable control bits are
independent of the GxEN bit of the COGxCON0
register, which enables the COG. When GxEN is
cleared, and shutdown is not active, the Reset state
PWM levels are present on the COG output pins. The
PWM levels are affected by the polarity controls. If
shutdown is active when GxEN is cleared, the
shutdown override levels will be present on the COG
output pins. Note that setting the GxASE bit while the
GxEN bit is cleared will activate shutdown which can
only be cleared by either a rising event while the GxEN
bit is set, or a device Reset.

11.4.2 POLARITY CONTROL

The polarity of each COG output can be selected
independently. When the output polarity bit is set, the
corresponding output is active-low. Clearing the output
polarity bit configures the corresponding output as
active-high. However, polarity does not affect the
shutdown override levels.

Output polarity is selected with the GxPOL0 and
GxPOL1 bits of the COGxCON0 register (Register 11-1).

11.5 Dead-Band Control

The dead-band control provides for non-overlapping
PWM output signals to prevent shoot-through current
in the external power switches.

The COG contains two dead-band timers. One
dead-band timer is used for rising event dead-band
control. The other is used for falling event dead-band
control. Timer modes are selectable as either:

• Asynchronous delay chain

• Synchronous counter

The dead-band Timer mode is selected for the
COGxOUT0 and COGxOUT1 dead-band times with
the respective GxRDBTS and GxFDBTS bits of the
COGxCON1 register (Register 11-2).

11.5.1 ASYNCHRONOUS DELAY CHAIN 
DEAD-BAND DELAY

Asynchronous dead-band delay is determined by the
time it takes the input to propagate through a series of
delay elements. Each delay element is a nominal five
nanoseconds. 

Set the COGxDBR register (Register 11-9) value to the
desired number of delay elements in the COGxOUT0
dead band. Set the COGxDBF register (Register 11-10)
value to the desired number of delay elements in the
COGxOUT1 dead band. When the value is zero,
dead-band delay is disabled.

11.5.2 SYNCHRONOUS COUNTER 
DEAD-BAND DELAY

Synchronous counter dead band is timed by counting
COG_clock periods from zero up to the value in the
dead-band count register. Use Equation 11-1 to
calculate dead-band times.

Set the COGxDBR count register value to obtain the
desired dead-band time of the COGxOUT0 output. Set
the COGxDBF count register value to obtain the
desired dead-band time of the COGxOUT1 output.
When the value is zero, dead-band delay is disabled.

11.5.3 SYNCHRONOUS COUNTER 
DEAD-BAND TIME UNCERTAINTY

When the rising and falling events that trigger the
dead-band counters come from asynchronous inputs,
it creates uncertainty in the synchronous counter
dead-band time. The maximum uncertainty is equal to
one COG_clock period. Refer to Equation 11-1 for
more detail.

When event input sources are asynchronous with no
phase delay, use the asynchronous delay chain
dead-band mode to avoid the dead-band time
uncertainty.
DS40001709D-page 86  2013-2016 Microchip Technology Inc.
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REGISTER 11-8: COGxASD1: COG AUTO-SHUTDOWN CONTROL REGISTER 1

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

— — — GxASDSHLT2 GxASDSHLT1 GxASDSC2 GxASDSC1 GxASDSFLT

bit 7 bit 0

Legend:

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

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition

bit 7-5 Unimplemented: Read as ‘0’

bit 4 GxASDSHLT2: COGx Auto-Shutdown Source Enable bit 4
1 = COGx is shutdown when HLTMR2 equals HLTPR2
0 = HLTimer 2 has no effect on shutdown

bit 3 GxASDSHLT1: COGx Auto-Shutdown Source Enable bit 3
1 = COGx is shutdown when HLTMR1 equals HLTPR1
0 = HLTimer 1 has no effect on shutdown

bit 2 GxASDSC2: COGx Auto-Shutdown Source Enable bit 2
1 = COGx is shutdown when Comparator 2 output is low
0 = Comparator 2 output has no effect on shutdown

bit 1 GxASDSC1: COGx Auto-Shutdown Source Enable bit 1
1 = COGx is shutdown when Comparator 1 output is low
0 = Comparator 1 output has no effect on shutdown

bit 0 GxASDSFLT: COGx Auto-Shutdown Source Enable bit 0
1 = COGx is shutdown when COGxFLT pin is low
0 = COGxFLT pin has no effect on shutdown
 2013-2016 Microchip Technology Inc. DS40001709D-page 99
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12.2.6 A/D CONVERSION PROCEDURE

This is an example procedure for using the ADC to
perform an Analog-to-Digital conversion:

1. Configure Port:

• Disable pin output driver (See TRIS register)

• Configure pin as analog

2. Configure the ADC module:

• Select ADC conversion clock

• Configure voltage reference

• Select ADC input channel

• Select result format

• Turn on ADC module

3. Configure ADC interrupt (optional):

• Clear ADC interrupt flag 

• Enable ADC interrupt

• Enable peripheral interrupt

• Enable global interrupt(1)

4. Wait the required acquisition time(2).

5. Start conversion by setting the GO/DONE bit.

6. Wait for ADC conversion to complete by one of
the following:

• Polling the GO/DONE bit

• Waiting for the ADC interrupt (interrupts 
enabled)

7. Read ADC Result

8. Clear the ADC interrupt flag (required if interrupt
is enabled).

EXAMPLE 12-1: A/D CONVERSION

Note 1: The global interrupt can be disabled if the
user is attempting to wake-up from Sleep
and resume in-line code execution.

2: See Section 12.4 “A/D Acquisition
Requirements”.

;This code block configures the ADC
;for polling, Vdd reference, Frc clock
;and RA0 input.
;
;Conversion start & polling for completion 
; are included.
;

BANKSEL TRISA ;
BSF TRISA,0 ;Set RA0 to input
BANKSEL ADCON1 ;
MOVLW B’01110000’ ;ADC Frc clock,
IORWF ADCON1 ; and RA0 as analog
BANKSEL ADCON0 ;
MOVLW B’10000001’ ;Right justify,
MOVWF ADCON0 ;Vdd Vref, AN0, On
CALL SampleTime ;Acquisiton delay
BSF ADCON0,GO ;Start conversion

TEST AGAIN
BTFSC ADCON0,GO ;Is conversion done?
GOTO TEST AGAIN ;No, test again
BANKSEL ADRESH ;
MOVF ADRESH,W ;Read upper 2 bits
MOVWF RESULTHI ;Store in GPR space
BANKSEL ADRESL ;
MOVF ADRESL,W ;Read lower 8 bits
MOVWF RESULTLO ;Store in GPR space
DS40001709D-page 108  2013-2016 Microchip Technology Inc.
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FIGURE 12-4: ANALOG INPUT MODEL        

FIGURE 12-5: ADC TRANSFER FUNCTION
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15.11 Analog Input Connection 
Considerations

A simplified circuit for an analog input is shown in
Figure 15-4. Since the analog input pins share their
connection with a digital input, they have reverse
biased ESD protection diodes to VDD and VSS. The
analog input, therefore, must be between VSS and VDD.
If the input voltage deviates from this range by more
than 0.6V in either direction, one of the diodes is
forward biased and a latch-up may occur.

A maximum source impedance of 10 k is recommended
for the analog sources. Also, any external component
connected to an analog input pin, such as a capacitor or
a Zener diode, should have very little leakage current to
minimize inaccuracies introduced.

FIGURE 15-4: ANALOG INPUT MODEL 

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

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

VA

Rs < 10K

CPIN
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VT  0.6V

VT  0.6V

RIC

ILEAKAGE(1)

Vss

Legend: CPIN = Input Capacitance
ILEAKAGE = Leakage Current at the pin due to various junctions
RIC = Interconnect Resistance
RS = Source Impedance
VA = Analog Voltage
VT = Threshold Voltage

To Comparator

Note 1: See Section 22.0 “Electrical Specifications”.

Analog
Input
pin
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TABLE 15-2: SUMMARY OF REGISTERS ASSOCIATED WITH COMPARATOR MODULE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Register 
on Page

CM1CON0 C1ON C1OUT C1OE C1POL C1ZLF C1SP C1HYS C1SYNC 129

CM1CON1 C1INTP C1INTN C1PCH<2:0> C1NCH<2:0> 130

CM2CON0 C2ON C2OUT C2OE C2POL C2ZLF C2SP C2HYS C2SYNC 129

CM2CON1 C2INTP C2INTN C2PCH<2:0> C2NCH<2:0> 130

CMOUT — — — — — — MCOUT2 MCOUT1 130

DAC1CON0 DACEN DACFM DACOE — DACPSS1 DACPSS0 — — 120

DAC1REFL Least Significant bit of the left shifted result or eight bits of the right shifted DAC setting 122

FVR1CON0 FVREN FVRRDY FVROE FVRBUFSS1 FVRBUFSS0 — — FVRBUFEN 116

INTCON GIE PEIE T0IE INTE IOCIE T0IF INTF IOCIF 17

PIE2 — — C2IE C1IE — COG1IE — CCP1IE 19

PIR2 — — C2IF C1IF — COG1IF — CCP1IF 21

TRISA — — TRISA5 TRISA4 TRISA3(1) TRISA2 TRISA1 TRISA0 43

ANSELA — — — ANSA4 — ANSA2 ANSA1 ANSA0 44

Legend: — = unimplemented location, read as ‘0’. Shaded cells are unused by the comparator module.
Note 1: TRISA3 always reads ‘1’.
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FIGURE 17-2: SLOPE COMPENSATION TIMING DIAGRAM 

17.2 Using the SC Module

The slope compensator input reference voltage should
be set to the target circuit peak current sense voltage.
The slope compensator output voltage starts at the
input reference voltage and should fall at a rate less
than half the target circuit current sense voltage rate of
rise. Therefore, the compensator slope expressed as
volts per µs can be computed as shown in
Equation 17-2.

EQUATION 17-1: SC MODULE 

For example, when the circuit is using a 1 current
sense resistor and the peak current is 1A, then the
peak current expressed as a voltage (VREF) is 1V. If
your power supply is running at 1 MHz, then the period
is 1 s. Therefore, the desired slope is:

EQUATION 17-2: SLOPE COMPENSATION 
VOLTAGE 

Slope Compensation Trigger
COG or Comparator Output

One Shot Output

Slope Compensation Output

Slope Compensation Reference Voltage

V
s
------

VREF

2
-------------

PWM Period (s 
--------------------------------------------

VREF

2
-------------

PWM Period (s 
--------------------------------------------

1
2
---

1s
--------- 0.5V s= =

Note: The setting for 0.5V/s is 
SCxISET<3:0> = 6 and SCxRNG = 0.
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17.7 Register Definitions: Slope Compensation Control

REGISTER 17-1: SLPCCON0: SLOPE COMPENSATION CONTROL 0 REGISTER

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

SCxEN — — SCxPOL SCxTSS<1:0> — SCxINS

bit 7 bit 0

Legend:

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

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared q = value depends on configuration bits

bit 7 SCxEN: Slope Compensation Enable bit
1 = Slope compensation is enabled
0 = Slope compensation is disabled

bit 6-5 Unimplemented: Read as ‘0’

bit 4 SCxPOL: Slope Compensation Input Polarity bit

1 = Signal is inverted polarity (active-low)
0 = Signal is normal polarity (active-high)

bit 3-2 SCxTSS<1:0>: Slope Compensation Timing Select bits

11 = C2OUT_sync
10 = C1OUT_sync
01 = COG1_output1
00 = COG1_output0

bit 1 Unimplemented: Read as ‘0’

bit 0 SCxINS: Slope Compensation Input Select bit

1 = FVR_buffer1 is selected
0 = SLPC1IN pin is selected

REGISTER 17-2: SLPCCON1: SLOPE COMPENSATION CONTROL 1 REGISTER

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

— — — SCxRNG SCxISET<3:0>

bit 7 bit 0

Legend:

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

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared q = value depends on configuration bits

bit 7-5 Unimplemented: Read as ‘0’

bit 4 SCxRNG: Slope Compensator Range bit

1 = Range setting is SCxISET +1.0V/s
0 = Range setting is SCxISET * 0.75/15 +0.2V/s

bit 3-0 SCxISET<3:0>: Slope Compensator Current Sink Set bits

xxxxx = SC module Slope Selection 
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21.11 Demonstration/Development 
Boards, Evaluation Kits, and 
Starter Kits

A wide variety of demonstration, development and
evaluation boards for various PIC MCUs and dsPIC
DSCs allows quick application development on fully
functional systems. Most boards include prototyping
areas for adding custom circuitry and provide applica-
tion firmware and source code for examination and
modification.

The boards support a variety of features, including LEDs,
temperature sensors, switches, speakers, RS-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.

The demonstration and development boards can be
used in teaching environments, for prototyping custom
circuits and for learning about various microcontroller
applications.

In addition to the PICDEM™ and dsPICDEM™
demonstration/development board series of circuits,
Microchip has a line of evaluation kits and demonstra-
tion software for analog filter design, KEELOQ® security
ICs, CAN, IrDA®, PowerSmart battery management,
SEEVAL® evaluation system, Sigma-Delta ADC, flow
rate sensing, plus many more.

Also available are starter kits that contain everything
needed to experience the specified device. This usually
includes a single application and debug capability, all
on one board.

Check the Microchip web page (www.microchip.com)
for the complete list of demonstration, development
and evaluation kits.

21.12 Third-Party Development Tools

Microchip also offers a great collection of tools from
third-party vendors. These tools are carefully selected
to offer good value and unique functionality.

• Device Programmers and Gang Programmers 
from companies, such as SoftLog and CCS

• Software Tools from companies, such as Gimpel 
and Trace Systems

• Protocol Analyzers from companies, such as 
Saleae and Total Phase

• Demonstration Boards from companies, such as 
MikroElektronika, Digilent® and Olimex

• Embedded Ethernet Solutions from companies, 
such as EZ Web Lynx, WIZnet and IPLogika®
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FIGURE 22-1: PIC16F753 VOLTAGE-FREQUENCY GRAPH, 
-40°C TA +125°C

FIGURE 22-2: PIC16HV753 VOLTAGE-FREQUENCY GRAPH, 
-40°C TA +125°C
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Supply Current (IDD)(1, 2)

D014 — 318 382 382 A 2.0 FOSC = 4 MHz
HFINTOSC mode— 450 502 502 A 3.0

— 825 100 100 A 5.0

D014 — 330 485 485 A 2.0 FOSC = 4 MHz
HFINTOSC mode— 526 658 658 A 3.0

— 775 980 980 A 4.5

D015 — 505 595 595 A 2.0 FOSC = 8 MHz
HFINTOSC mode— 740 1200 1200 A 3.0

— 1.5 1.8 1.8 mA 5.0

D015 — 500 690 690 A 2.0 FOSC = 8 MHz
HFINTOSC mode— 800 1100 1100 A 3.0

— 1.23 1.7 1.7 mA 4.5

D016 — 2.6 3.08 3.08 mA 4.5 FOSC = 20 MHz
EC Oscillator mode— 2.97 3.53 3.53 mA 5.0

D016 — 2.6 3.3 3.3 mA 4.5 FOSC = 20 MHz
EC Oscillator mode

TABLE 22-2: SUPPLY CURRENT (IDD)(1,2) (CONTINUED)

PIC16F753 Standard Operating Conditions (unless otherwise stated)

PIC16HV753

Param
No.

Device Characteristics Min. Typ†
Max.
85°C

Max.
125°C

Units
Conditions

VDD Note

* These parameters are characterized but not tested.

† Data in “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance 
only and are not tested.

Note 1: 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 VSS; MCLR = VDD; WDT disabled.

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 consumption.
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Power-down Base Current (IPD)(2, 3)

D025 — 0.10 0.41 3.51 A 3.0 A/D Current(1), no conversion in 
progress— 0.12 0.55 4.41 A 5.0

D025 — 145 171 175 A 3.0

— 185 226 231 A 4.5

D026 — 20 37 37 A 2.0 DAC Current(1)

— 30 46 46 A 3.0

— 50 76 76 A 5.0

D026 — 85 155 155 A 2.0

— 165 213 213 A 3.0

— 215 284 284 A 4.5

D027 — 115 185 203 A 2.0 FVR Current(1), FVRBUFEN = 1, 
FVROUT buffer enabled— 120 193 219 A 3.0

— 125 196 224 A 5.0

D027 — 65 126 145 A 2.0

— 136 171 182 A 3.0

— 175 226 231 A 4.5

D028 — 1 2 4 A 2.0 T1OSC Current,
TMR1CS <1:0> = 11— 2 3 5 A 3.0

— 9 20 21 A 5.0

D028 — 65 126 140 A 2.0

— 136 172 180 A 3.0

— 175 228 235 A 4.5

D029 — 140 258 265 A 2.0 Op-Amp Current(1)

— 155 326 340 A 3.0

— 165 421 422 A 5.0

D029 — 140 260 265 A 2.0

— 155 325 340 A 3.0

— 165 400 410 A 4.5

TABLE 22-3: POWER-DOWN CURRENTS (IPD) (CONTINUED)(1,2)

PIC16F753
Standard Operating Conditions (unless otherwise stated)
Sleep mode

PIC16HV753

Param
No.

Device 
Characteristics

Min. Typ†
Max.
85°C

Max.
125°C

Units
Conditions

VDD Note

* These parameters are characterized but not tested.

† Data in “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance 
only and are not tested.

Note 1: The peripheral  current can be determined by subtracting the base IPD current from this limit. Max values 
should be used when calculating total current consumption.

2: 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 high-impedance state and tied to VSS.

3: Shunt regulator is always ON and always draws operating current.
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Capacitive Loading Specs on Output Pins

D101* COSC2 OSC2 pin — — 15 pF In XT, HS, LP modes when 
external clock is used to drive 
OSC1

D101A* CIO All I/O pins — — 50 pF

TABLE 22-5: MEMORY PROGRAMMING SPECIFICATIONS

Standard Operating Conditions (unless otherwise stated)

Param.
No.

Sym. Characteristic Min. Typ† Max. Units Conditions

Program Memory 
Programming Specifications

D110 VIHH Voltage on MCLR/VPP pin 10.0 — 13.0 V (Note 2)

D112 VBE VDD for Bulk Erase 4.5 — VDDMAX V

D113 VPEW VDD for Write or Row Erase 4.5 — VDDMAX V

D114 IPPPGM Current on MCLR/VPP during 
Erase/Write

— 300 1000 A

Program Flash Memory

D121 EP Cell Endurance 10K 100K — E/W -40C  TA +85C 
(Note 1)

D121A EP Cell Endurance 1K 10K — E/W -40C  TA +125C 
(Note 1)

D122 VPRW VDD for Read/Write VDDMIN — VDDMAX V

D123 TIW Self-timed Write Cycle Time — 2 2.5 ms

D124 TRETD Characteristic Retention 40 — — Year Provided no other 
specifications are violated

D125 EHEFC High-Endurance Flash Cell N/A — — E/W 0°C to +60°C, Lower byte 
last 128 addresses

† Data in “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance 
only and are not tested.

Note 1: Self-write and Block Erase.
2: Required only if single-supply programming is disabled.

TABLE 22-4: I/O PORTS (CONTINUED)

DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated)

Param
No.

Sym. Characteristic Min. Typ† Max. Units Conditions

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

not tested.
Note 1: Negative current is defined as current sourced by the pin.

2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels represent 
normal operating conditions. Higher leakage current may be measured at different input voltages.

3: This specification applies to all weak pull-up pins, including the weak pull-up found on RA3/MCLR. When RA3/MCLR is 
configured as MCLR Reset pin, the weak pull-up is always enabled.
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TABLE 22-6: THERMAL CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)

Param
No.

Sym. Characteristic Typ. Units Conditions

TH01 JA Thermal Resistance Junction to Ambient 84.6 °C/W 8-pin PDIP package

149.5 °C/W 8-pin SOIC package

60 °C/W 8-pin DFN 3x3mm package

TH02 JC Thermal Resistance Junction to Case 41.2 °C/W 8-pin PDIP package

39.9 °C/W 8-pin SOIC package

9 °C/W 8-pin DFN 3x3mm package

TH03 TJMAX Maximum Junction Temperature 150 °C

TH04 PD Power Dissipation — W PD = PINTERNAL + PI/O

TH05 PINTERNAL Internal Power Dissipation — W PINTERNAL = IDD x VDD(1)

TH06 PI/O I/O Power Dissipation — W PI/O =  (IOL * VOL) +  (IOH * (VDD 
- VOH))

TH07 PDER Derated Power — W PDER = PDMAX (TJ - TA)/JA(2)

Note 1: IDD is current to run the chip alone without driving any load on the output pins.

2: TA = Ambient temperature; TJ = Junction Temperature
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Note: For the most current package drawings, please see the Microchip Packaging Specification located at 
http://www.microchip.com/packaging
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