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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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dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04
The SAC and SAC.R instructions store either a
truncated (SAC), or rounded (SAC.R) version of the
contents of the target accumulator to data memory via
the X bus, subject to data saturation (see
Section 3.6.3.2 “Data Space Write Saturation”). For
the MAC class of instructions, the accumulator write-
back operation functions in the same manner,
addressing combined MCU (X and Y) data space
though the X bus. For this class of instructions, the data
is always subject to rounding.

3.6.3.2 Data Space Write Saturation

In addition to adder/subtracter saturation, writes to data
space can also be saturated, but without affecting the
contents of the source accumulator. The data space write
saturation logic block accepts a 16-bit, 1.15 fractional
value from the round logic block as its input, together with
overflow status from the original source (accumulator)
and the 16-bit round adder. These inputs are combined
and used to select the appropriate 1.15 fractional value
as output to write to data space memory.

If the SATDW bit in the CORCON register is set, data
(after rounding or truncation) is tested for overflow and
adjusted accordingly:

• For input data greater than 0x007FFF, data 
written to memory is forced to the maximum 
positive 1.15 value, 0x7FFF.

• For input data less than 0xFF8000, data written to 
memory is forced to the maximum negative 
1.15 value, 0x8000.

The Most Significant bit of the source (bit 39) is used to
determine the sign of the operand being tested.

If the SATDW bit in the CORCON register is not set, the
input data is always passed through unmodified under
all conditions.

3.6.4 BARREL SHIFTER

The barrel shifter can perform up to 16-bit arithmetic or
logic right shifts, or up to 16-bit left shifts in a single
cycle. The source can be either of the two DSP
accumulators or the X bus (to support multi-bit shifts of
register or memory data).

The shifter requires a signed binary value to determine
both the magnitude (number of bits) and direction of the
shift operation. A positive value shifts the operand right.
A negative value shifts the operand left. A value of ‘0’
does not modify the operand.

The barrel shifter is 40 bits wide, thereby obtaining a
40-bit result for DSP shift operations and a 16-bit result
for MCU shift operations. Data from the X bus is
presented to the barrel shifter between bit positions 16
and 31 for right shifts, and between bit positions 0 and
16 for left shifts.
DS70000318G-page 42  2008-2014 Microchip Technology Inc.
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N
it 3 Bit 2 Bit 1 Bit 0

All 
Resets

AD ADCS2 ADCS1 ADCS0 0003

AD FG3 PCFG2 PCFG1 PCFG0 0000

AD RDY — P1RDY P0RDY 0000

AD — 0000

AD RC03 TRGSRC02 TRGSRC01 TRGSRC00 0000

AD — — — 0000

AD xxxx

AD xxxx

AD xxxx

AD xxxx

AD xxxx

AD xxxx

Le

it 3 Bit 2 Bit 1 Bit 0
All 

Resets

AD — ADCS2 ADCS1 ADCS0 0003

AD FG3 PCFG2 PCFG1 PCFG0 0000

AD — P2RDY P1RDY P0RDY 0000

AD — 0000

AD SRC03 TRGSRC02 TRGSRC01 TRGSRC00 0000

AD RC23 TRGSRC22 TRGSRC21 TRGSRC20 0000

AD xxxx

AD xxxx

AD xxxx

AD xxxx

AD xxxx

AD xxxx

Le
BLE 4-25: HIGH-SPEED 10-BIT ADC REGISTER MAP FOR dsPIC33FJ06GS101 DEVICES ONLY

BLE 4-26: HIGH-SPEED 10-BIT ADC REGISTER MAP FOR dsPIC33FJ06GS102 DEVICES ONLY

File 
ame

SFR 
Addr

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 B

CON 0300 ADON — ADSIDL SLOWCLK — GSWTRG — FORM EIE ORDER SEQSAMP ASYNCSAMP —

PCFG 0302 — — — — — — — — PCFG7 PCFG6 — — PC

STAT 0306 — — — — — — — — — — — — P3

BASE 0308 ADBASE<15:1>

CPC0 030A IRQEN1 PEND1 SWTRG1 TRGSRC14 TRGSRC13 TRGSRC12 TRGSRC11 TRGSRC10 IRQEN0 PEND0 SWTRG0 TRGSRC04 TRGS

CPC1 030C IRQEN3 PEND3 SWTRG3 TRGSRC34 TRGSRC33 TRGSRC32 TRGSRC31 TRGSRC30 — — — — —

CBUF0 0320 ADC Data Buffer 0

CBUF1 0322 ADC Data Buffer 1

CBUF2 0324 ADC Data Buffer 2

CBUF3 0326 ADC Data Buffer 3

CBUF6 032C ADC Data Buffer 6

CBUF7 032E ADC Data Buffer 7

gend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

File 
Name

SFR 
Addr

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 B

CON 0300 ADON — ADSIDL SLOWCLK — GSWTRG — FORM EIE ORDER SEQSAMP ASYNCSAMP

PCFG 0302 — — — — — — — — — — PCFG5 PCFG4 PC

STAT 0306 — — — — — — — — — — — —

BASE 0308 ADBASE<15:1>

CPC0 030A IRQEN1 PEND1 SWTRG1 TRGSRC14 TRGSRC13 TRGSRC12 TRGSRC11 TRGSRC10 IRQEN0 PEND0 SWTRG0 TRGSRC04 TRG

CPC1 030C — — — — — — — — IRQEN2 PEND2 SWTRG2 TRGSRC24 TRGS

CBUF0 0320 ADC Data Buffer 0

CBUF1 0322 ADC Data Buffer 1

CBUF2 0324 ADC Data Buffer 2

CBUF3 0326 ADC Data Buffer 3

CBUF4 0328 ADC Data Buffer 4

CBUF5 032A ADC Data Buffer 5

gend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.



dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04
FIGURE 4-8: BIT-REVERSED ADDRESS EXAMPLE

TABLE 4-49: BIT-REVERSED ADDRESS SEQUENCE (16-ENTRY)

Normal Address Bit-Reversed Address

A3 A2 A1 A0 Decimal A3 A2 A1 A0 Decimal

0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 0 0 0 8

0 0 1 0 2 0 1 0 0 4

0 0 1 1 3 1 1 0 0 12

0 1 0 0 4 0 0 1 0 2

0 1 0 1 5 1 0 1 0 10

0 1 1 0 6 0 1 1 0 6

0 1 1 1 7 1 1 1 0 14

1 0 0 0 8 0 0 0 1 1

1 0 0 1 9 1 0 0 1 9

1 0 1 0 10 0 1 0 1 5

1 0 1 1 11 1 1 0 1 13

1 1 0 0 12 0 0 1 1 3

1 1 0 1 13 1 0 1 1 11

1 1 1 0 14 0 1 1 1 7

1 1 1 1 15 1 1 1 1 15

b3   b2    b1    0

b2   b3   b4    0

Bit Locations Swapped Left-to-Right
Around Center of Binary Value

Bit-Reversed Address

XB = 0x0008 for a 16-Word Bit-Reversed Buffer

b7   b6    b5   b1

b7   b6   b5   b4b11 b10 b9   b8

b11 b10 b9   b8

b15 b14 b13 b12

b15 b14 b13 b12

Sequential Address

Pivot Point
 2008-2014 Microchip Technology Inc. DS70000318G-page 77



dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04
bit 1 BOR: Brown-out Reset Flag bit

1 = A Brown-out Reset has occurred
0 = A Brown-out Reset has not occurred

bit 0 POR: Power-on Reset Flag bit

1 = A Power-on Reset has occurred
0 = A Power-on Reset has not occurred

REGISTER 6-1: RCON: RESET CONTROL REGISTER(1) (CONTINUED)

Note 1: All of the Reset status bits can be set or cleared in software. Setting one of these bits in software does not 
cause a device Reset. 

2: If the FWDTEN Configuration bit is ‘1’ (unprogrammed), the WDT is always enabled, regardless of the 
SWDTEN bit setting.
 2008-2014 Microchip Technology Inc. DS70000318G-page 91



dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04
7.0 INTERRUPT CONTROLLER

The dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/
X04 interrupt controller reduces the numerous
peripheral interrupt request signals to a single interrupt
request signal to the dsPIC33FJ06GS101/X02 and
dsPIC33FJ16GSX02/X04 CPU. It has the following
features:

• Up to eight processor exceptions and software 
traps

• Seven user-selectable priority levels

• Interrupt Vector Table (IVT) with up to 118 vectors

• A unique vector for each interrupt or exception 
source

• Fixed priority within a specified user priority level

• Alternate Interrupt Vector Table (AIVT) for debug 
support

• Fixed interrupt entry and return latencies

7.1 Interrupt Vector Table

The Interrupt Vector Table (IVT) is shown in Figure 7-1.
The IVT resides in program memory, starting at location
000004h. The IVT contains 126 vectors, consisting of
eight nonmaskable trap vectors, plus up to 118 sources
of interrupt. In general, each interrupt source has its own
vector. Each interrupt vector contains a 24-bit-wide
address. The value programmed into each interrupt
vector location is the starting address of the associated
Interrupt Service Routine (ISR).

Interrupt vectors are prioritized in terms of their natural
priority. This priority is linked to their position in the
vector table. Lower addresses generally have a higher
natural priority. For example, the interrupt associated
with Vector 0 will take priority over interrupts at any
other vector address.

The dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/
X04 devices implement up to 35 unique interrupts and
4 non-maskable traps. These are summarized in
Table 7-1.

7.1.1 ALTERNATE INTERRUPT VECTOR 
TABLE

The Alternate Interrupt Vector Table (AIVT) is located
after the IVT, as shown in Figure 7-1. Access to the
AIVT is provided by the ALTIVT control bit
(INTCON2<15>). If the ALTIVT bit is set, all interrupt
and exception processes use the alternate vectors
instead of the default vectors. The alternate vectors are
organized in the same manner as the default vectors.

The AIVT supports debugging by providing a means to
switch between an application and a support environ-
ment without requiring the interrupt vectors to be
reprogrammed. This feature also enables switching
between applications for evaluation of different
software algorithms at run time. If the AIVT is not
needed, the AIVT should be programmed with the
same addresses used in the IVT.

7.2 Reset Sequence

A device Reset is not a true exception because the
interrupt controller is not involved in the Reset process.
The dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/
X04 devices clear their registers in response to a Reset,
which forces the PC to zero. The Digital Signal Controller
then begins program execution at location, 0x000000. A
GOTO instruction at the Reset address can redirect
program execution to the appropriate start-up routine.

Note 1: This data sheet summarizes the features
of the dsPIC33FJ06GS101/X02 and
dsPIC33FJ16GSX02/X04 families of
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to “Interrupts (Part IV)”
(DS70300) in the “dsPIC33F/PIC24H
Family Reference Manual”, which is
available on the Microchip web site
(www.microchip.com).

2: Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register
and bit information.

Note: Any unimplemented or unused vector
locations in the IVT and AIVT should be
programmed with the address of a default
interrupt handler routine that contains a
RESET instruction.
 2008-2014 Microchip Technology Inc. DS70000318G-page 97
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dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04
REGISTER 7-10: IFS6: INTERRUPT FLAG STATUS REGISTER 6

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

ADCP1IF ADCP0IF — — — — AC4IF AC3IF

bit 15 bit 8

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

AC2IF — — — — — PWM4IF PWM3IF

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 15 ADCP1IF: ADC Pair 1 Conversion Done Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 14 ADCP0IF: ADC Pair 0 Conversion Done Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 13-10 Unimplemented: Read as ‘0’

bit 9 AC4IF: Analog Comparator 4 Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 8 AC3IF: Analog Comparator 3 Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 7 AC2IF: Analog Comparator 2 Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 6-2 Unimplemented: Read as ‘0’

bit 1 PWM4IF: PWM4 Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 0 PWM3IF: PWM3 Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred 
DS70000318G-page 110  2008-2014 Microchip Technology Inc.



dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04
REGISTER 9-2: PMD2: PERIPHERAL MODULE DISABLE CONTROL REGISTER 2

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

— — — — — — IC2MD IC1MD

bit 15 bit 8

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

— — — — — — OC2MD OC1MD

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 15-10 Unimplemented: Read as ‘0’

bit 9 IC2MD: Input Capture 2 Module Disable bit

1 = Input Capture 2 module is disabled
0 = Input Capture 2 module is enabled

bit 8 IC1MD: Input Capture 1 Module Disable bit

1 = Input Capture 1 module is disabled
0 = Input Capture 1 module is enabled

bit 7-2 Unimplemented: Read as ‘0’

bit 1 OC2MD: Output Compare 2 Module Disable bit

1 = Output Compare 2 module is disabled
0 = Output Compare 2 module is enabled

bit 0 OC1MD: Output Compare 1 Module Disable bit

1 = Output Compare 1 module is disabled
0 = Output Compare 1 module is enabled
DS70000318G-page 150  2008-2014 Microchip Technology Inc.



dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04
10.6.2.2 Output Mapping

In contrast to inputs, the outputs of the Peripheral Pin
Select options are mapped on the basis of the pin. In
this case, a control register associated with a particular
pin dictates the peripheral output to be mapped. The
RPORx registers are used to control output mapping.
Like the RPINRx registers, each register contains sets
of 6-bit fields, with each set associated with one RPn
pin (see Register 10-15 through Register 10-31). The
value of the bit field corresponds to one of the
peripherals, and that peripheral’s output is mapped to
the pin (see Table 10-2 and Figure 10-3). 

The list of peripherals for output mapping also includes
a null value of ‘00000’ because of the mapping
technique. This permits any given pin to remain
unconnected from the output of any of the pin
selectable peripherals. 

FIGURE 10-3: MULTIPLEXING OF 
REMAPPABLE OUTPUT 
FOR RPn

TABLE 10-2: OUTPUT SELECTION FOR REMAPPABLE PIN (RPn)

0

45

3

RPORn<5:0>

Default

U1TX Output Enable

U1RTS Output Enable 4

PWM4L Output Enable

19
OC2 Output Enable

0

45

3

Default

U1TX Output

U1RTS Output 4

PWM4L Output

19
OC2 Output

Output Enable

Output Data
RPn

Function RPORn<5:0> Output Name

NULL 000000 RPn tied to default port pin

U1TX 000011 RPn tied to UART1 transmit

U1RTS 000100 RPn tied to UART1 Ready-to-Send

SDO1 000111 RPn tied to SPI1 data output

SCK1 001000 RPn tied to SPI1 clock output

SS1 001001 RPn tied to SPI1 slave select output

OC1 010010 RPn tied to Output Compare 1

OC2 010011 RPn tied to Output Compare 2

SYNCO1 100101 RPn tied to external device synchronization signal via PWM master time base

REFCLKO 100110 REFCLK output signal

ACMP1 100111 RPn tied to Analog Comparator Output 1

ACMP2 101000 RPn tied to Analog Comparator Output 2

ACMP3 101001 RPn tied to Analog Comparator Output 3

ACMP4 101010 RPn tied to Analog Comparator Output 4

PWM4H 101100 RPn tied to PWM output pins associated with PWM Generator 4

PWM4L 101101 RPn tied to PWM output pins associated with PWM Generator 4
 2008-2014 Microchip Technology Inc. DS70000318G-page 159



dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04
     

REGISTER 11-1: T1CON: TIMER1 CONTROL REGISTER

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

TON — TSIDL — — — — —

bit 15 bit 8

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

—  TGATE TCKPS1 TCKPS0 — TSYNC TCS —

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 15 TON: Timer1 On bit

1 = Starts 16-bit Timer1
0 = Stops 16-bit Timer1

bit 14 Unimplemented: Read as ‘0’

bit 13 TSIDL: Timer1 Stop in Idle Mode bit

1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode

bit 12-7 Unimplemented: Read as ‘0’

bit 6 TGATE: Timer1 Gated Time Accumulation Enable bit

When TCS = 1: 
This bit is ignored.

When TCS = 0: 
1 = Gated time accumulation is enabled
0 = Gated time accumulation is disabled

bit 5-4 TCKPS<1:0> Timer1 Input Clock Prescale Select bits

11 = 1:256 
10 = 1:64
01 = 1:8 
00 = 1:1

bit 3 Unimplemented: Read as ‘0’

bit 2 TSYNC: Timer1 External Clock Input Synchronization Select bit

When TCS = 1: 
1 = Synchronizes external clock input
0 = Does not synchronize external clock input

When TCS = 0: 
This bit is ignored.

bit 1 TCS: Timer1 Clock Source Select bit

1 = External clock from T1CK pin (on the rising edge) 
0 = Internal clock (FCY)

bit 0 Unimplemented: Read as ‘0’
DS70000318G-page 184  2008-2014 Microchip Technology Inc.



dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04
bit 5 ADDEN: Address Character Detect bit (bit 8 of received data = 1)

1 = Address Detect mode is enable; if 9-bit mode is not selected, this does not take effect
0 = Address Detect mode is disabled

bit 4 RIDLE: Receiver Idle bit (read-only)

1 = Receiver is Idle
0 = Receiver is active

bit 3 PERR: Parity Error Status bit (read-only)

1 = Parity error has been detected for the current character (character at the top of the receive FIFO)
0 = Parity error has not been detected

bit 2 FERR: Framing Error Status bit (read-only)

1 = Framing error has been detected for the current character (character at the top of the receive
FIFO)

0 = Framing error has not been detected

bit 1 OERR: Receive Buffer Overrun Error Status bit (clear/read-only)

1 = Receive buffer has overflowed
0 = Receive buffer has not overflowed; clearing a previously set OERR bit (1 0 transition) will reset

the receiver buffer and the UxRSR to the empty state

bit 0 URXDA: UARTx Receive Buffer Data Available bit (read-only)

1 = Receive buffer has data, at least one more character can be read
0 = Receive buffer is empty

REGISTER 18-2: UxSTA: UARTx STATUS AND CONTROL REGISTER (CONTINUED)

Note 1: Refer to “UART” (DS70188) in the “dsPIC33F/PIC24H Family Reference Manual” for information on 
enabling the UART module for transmit operation.
 2008-2014 Microchip Technology Inc. DS70000318G-page 237
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NOTES:
DS70000318G-page 262  2008-2014 Microchip Technology Inc.



dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04
20.0 HIGH-SPEED ANALOG 
COMPARATOR 

The dsPIC33F SMPS comparator module monitors
current and/or voltage transients that may be too fast
for the CPU and ADC to capture. 

20.1 Features Overview

The SMPS comparator module contains the following
major features:

• 16 selectable comparator inputs

• Up to four analog comparators

• 10-bit DAC for each analog comparator

• Programmable output polarity

• Interrupt generation capability

• DACOUT pin to provide DAC output 

• DAC has three ranges of operation:

- AVDD/2

- Internal Reference (INTREF)

- External Reference (EXTREF)

• ADC sample and convert trigger capability

• Disable capability reduces power consumption

• Functional support for PWM module:

- PWM duty cycle control

- PWM period control

- PWM Fault detect

20.2 Module Description

Figure 20-1 shows a functional block diagram of one
analog comparator from the SMPS comparator
module. The analog comparator provides high-speed
operation with a typical delay of 20 ns. The comparator
has a typical offset voltage of ±5 mV. The negative
input of the comparator is always connected to the
DAC circuit. The positive input of the comparator is
connected to an analog multiplexer that selects the
desired source pin.

The analog comparator input pins are typically shared
with pins used by the Analog-to-Digital Converter (ADC)
module. Both the comparator and the ADC can use the
same pins at the same time. This capability enables a
user to measure an input voltage with the ADC and
detect voltage transients with the comparator.

FIGURE 20-1: HIGH-SPEED ANALOG COMPARATOR MODULE BLOCK DIAGRAM

Note 1: This data sheet summarizes the
features of the dsPIC33FJ06GS101/X02
and dsPIC33FJ16GSX02/X04 families of
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to “High-Speed Analog
Comparator” (DS70296) in the
“dsPIC33F/PIC24H Family Reference
Manual”, which is available on the
Microchip web site (www.microchip.com).

2: Some registers and associated bits
described in this section may not be
available on all devices. Refer to
Section 4.0 “Memory Organization” in
this data sheet for device-specific register
and bit information.

CMPxA(1)

CMPxC(1)

DAC

CMPPOL

0

1

AVDD/2

INTREF(2)

M
U
X

M
U
X

CMREF

CMPx(1)

INSEL<1:0>

10

ACMPx (Trigger to PWM)(1)

Interrupt Request

CMPxB(1)

CMPxD(1)

EXTREF(2)

Status

AVSS

RANGE

DACOUT

DACOE

Note 1: x = 1, 2, 3 and 4.
2: For the INTREF and EXTREF values, refer to the DAC Module Specifications (Table 24-43) in Section 24.0 

“Electrical Characteristics”.

Glitch Filter Pulse
Generator
 2008-2014 Microchip Technology Inc. DS70000318G-page 263
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dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04
29 DIV DIV.S Wm,Wn Signed 16/16-bit Integer Divide 1 18 N,Z,C,OV

DIV.SD Wm,Wn Signed 32/16-bit Integer Divide 1 18 N,Z,C,OV

DIV.U Wm,Wn Unsigned 16/16-bit Integer Divide 1 18 N,Z,C,OV

DIV.UD Wm,Wn Unsigned 32/16-bit Integer Divide 1 18 N,Z,C,OV

30 DIVF DIVF            Wm,Wn Signed 16/16-bit Fractional Divide 1 18 N,Z,C,OV

31 DO DO #lit14,Expr Do code to PC + Expr, lit14 + 1 times 2 2 None

DO Wn,Expr Do code to PC + Expr, (Wn) + 1 times 2 2 None

32 ED ED Wm*Wm,Acc,Wx,Wy,Wxd Euclidean Distance (no accumulate) 1 1 OA,OB,OAB,
SA,SB,SAB

33 EDAC EDAC Wm*Wm,Acc,Wx,Wy,Wxd Euclidean Distance 1 1 OA,OB,OAB,
SA,SB,SAB

34 EXCH EXCH Wns,Wnd Swap Wns with Wnd 1 1 None

35 FBCL FBCL Ws,Wnd Find Bit Change from Left (MSb) Side 1 1 C

36 FF1L FF1L Ws,Wnd Find First One from Left (MSb) Side 1 1 C

37 FF1R FF1R Ws,Wnd Find First One from Right (LSb) Side 1 1 C

38 GOTO GOTO Expr Go to Address 2 2 None

GOTO Wn Go to Indirect 1 2 None

39 INC INC f f = f + 1 1 1 C,DC,N,OV,Z

INC f,WREG WREG = f + 1 1 1 C,DC,N,OV,Z

INC Ws,Wd Wd = Ws + 1 1 1 C,DC,N,OV,Z

40 INC2 INC2 f f = f + 2 1 1 C,DC,N,OV,Z

INC2 f,WREG WREG = f + 2 1 1 C,DC,N,OV,Z

INC2 Ws,Wd Wd = Ws + 2 1 1 C,DC,N,OV,Z

41 IOR IOR f f = f .IOR. WREG 1 1 N,Z

IOR f,WREG WREG = f .IOR. WREG 1 1 N,Z

IOR #lit10,Wn Wd = lit10 .IOR. Wd 1 1 N,Z

IOR Wb,Ws,Wd Wd = Wb .IOR. Ws 1 1 N,Z

IOR Wb,#lit5,Wd Wd = Wb .IOR. lit5 1 1 N,Z

42 LAC LAC Wso,#Slit4,Acc Load Accumulator 1 1 OA,OB,OAB,
SA,SB,SAB

43 LNK LNK #lit14 Link Frame Pointer 1 1 None

44 LSR LSR f f = Logical Right Shift f 1 1 C,N,OV,Z

LSR f,WREG WREG = Logical Right Shift f 1 1 C,N,OV,Z

LSR Ws,Wd Wd = Logical Right Shift Ws 1 1 C,N,OV,Z

LSR Wb,Wns,Wnd Wnd = Logical Right Shift Wb by Wns 1 1 N,Z

LSR Wb,#lit5,Wnd Wnd = Logical Right Shift Wb by lit5 1 1 N,Z

45 MAC MAC Wm*Wn,Acc,Wx,Wxd,Wy,Wyd
,
AWB

Multiply and Accumulate 1 1 OA,OB,OAB,
SA,SB,SAB

MAC Wm*Wm,Acc,Wx,Wxd,Wy,Wyd Square and Accumulate 1 1 OA,OB,OAB,
SA,SB,SAB

46 MOV MOV f,Wn Move f to Wn 1 1 None

MOV f Move f to f 1 1 N,Z

MOV f,WREG Move f to WREG 1 1 None

MOV #lit16,Wn Move 16-bit Literal to Wn 1 1 None

MOV.b #lit8,Wn Move 8-bit Literal to Wn 1 1 None

MOV Wn,f Move Wn to f 1 1 None

MOV Wso,Wdo Move Ws to Wd 1 1 None

MOV WREG,f Move WREG to f 1 1 None

MOV.D        Wns,Wd Move Double from W(ns):W(ns + 1) to Wd 1 2 None

MOV.D        Ws,Wnd Move Double from Ws to W(nd + 1):W(nd) 1 2 None

47 MOVSAC MOVSAC Acc,Wx,Wxd,Wy,Wyd,AWB Prefetch and Store Accumulator 1 1 None

TABLE 22-2: INSTRUCTION SET OVERVIEW (CONTINUED)   

Base
Instr

#

Assembly
Mnemonic

Assembly Syntax Description
# of 

Words
# of 

Cycles
Status Flags 

Affected
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TABLE 24-11: ELECTRICAL CHARACTERISTICS: BOR

DC CHARACTERISTICS

Standard Operating Conditions (see Note 3): 3.0V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial

-40°C  TA  +125°C for Extended 

Param
No.

Symbol Characteristic Min(1) Typ Max Units Conditions

BO10 VBOR BOR Event on VDD Transition 
High-to-Low
BOR Event is Tied to VDD Core 
Voltage Decrease

2.55 — 2.79 V See Note 2

Note 1: Parameters are for design guidance only and are not tested in manufacturing.

2: The device will operate as normal until the VDDMIN threshold is reached.

3: Overall functional device operation at VBORMIN < VDD < VDDMIN is tested but not characterized. All device 
analog modules such as the ADC, etc., will function but with degraded performance below VDDMIN. 
DS70000318G-page 298  2008-2014 Microchip Technology Inc.



dsPIC33FJ06GS101/X02 and dsPIC33FJ16GSX02/X04
TABLE 24-13: INTERNAL VOLTAGE REGULATOR SPECIFICATIONS

TABLE 24-12: DC CHARACTERISTICS: PROGRAM MEMORY

DC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial

-40°C  TA  +125°C for Extended

Param
No.

Symbol Characteristic Min Typ(1) Max Units Conditions

Program Flash Memory

D130 EP Cell Endurance 10,000 — — E/W -40C to +125C

D131 VPR VDD for Read VMIN — 3.6 V VMIN = Minimum operating 
voltage

D132B VPEW VDD for Self-Timed Write VMIN — 3.6 V VMIN = Minimum operating 
voltage

D134 TRETD Characteristic Retention 20 — — Year Provided no other specifications 
are violated, -40C to +125C

D135 IDDP Supply Current during 
Programming

— 10 — mA

D136a TRW Row Write Time 1.477 — 1.538 ms TRW = 11064 FRC cycles, 
TA = +85°C, See Note 2

D136b TRW Row Write Time 1.435 — 1.586 ms TRW = 11064 FRC cycles, 
TA = +125°C, See Note 2

D137a TPE Page Erase Time 22.5 — 23.4 ms TPE = 168517 FRC cycles, 
TA = +85°C, See Note 2

D137b TPE Page Erase Time 21.9 — 24.2 ms TPE = 168517 FRC cycles, 
TA = +125°C, See Note 2

D138a TWW Word Write Cycle Time 47.4 — 49.3 µs TWW = 355 FRC cycles, 
TA = +85°C, See Note 2

D138b TWW Word Write Cycle Time 46 — 50.9 µs TWW = 355 FRC cycles, 
TA = +125°C, See Note 2

Note 1: Data in “Typ” column is at 3.3V, +25°C unless otherwise stated.

2: Other conditions: FRC = 7.37 MHz, TUN<5:0> = b'011111 (for Min), TUN<5:0> = b'100000 (for Max). 
This parameter depends on the FRC accuracy (see Table 24-20) and the value of the FRC Oscillator Tun-
ing register (see Register 9-4). For complete details on calculating the Minimum and Maximum time see 
Section 5.3 “Programming Operations”.

Operating Conditions: -40°C  TA  +85°C for Industrial
-40°C  TA  +125°C for Extended

Param
No.

Symbol Characteristics Min Typ Max Units Comments

— CEFC External Filter Capacitor 
Value(1)

4.7 10 — F Capacitor must be low 
series resistance 
(< 5 ohms)

Note 1: Typical VCAP voltage = 2.5 volts when VDD  VDDMIN.
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FIGURE 24-2: EXTERNAL CLOCK TIMING    

Q1  Q2  Q3 Q4

OSC1

CLKO

Q1 Q2 Q3       Q4

OS20

OS25
OS30 OS30

OS40OS41

OS31 OS31

TABLE 24-16: EXTERNAL CLOCK TIMING REQUIREMENTS 

AC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial

-40°C  TA  +125°C for Extended

Param
No.

Symb Characteristic Min Typ(1) Max Units Conditions

OS10 FIN External CLKI Frequency
(External clocks allowed only
in EC and ECPLL modes)

DC — 40 MHz EC

Oscillator Crystal Frequency 3.5
10

—
—

10
40

MHz
MHz

XT
HS

OS20 TOSC TOSC = 1/FOSC 12.5 — DC ns

OS25 TCY Instruction Cycle Time(2) 25 — DC ns

OS30 TosL,
TosH

External Clock in (OSC1)
High or Low Time

0.375 x TOSC — 0.625 x TOSC ns EC

OS31 TosR,
TosF

External Clock in (OSC1)
Rise or Fall Time

— — 20 ns EC

OS40 TckR CLKO Rise Time(3) — 5.2 — ns

OS41 TckF CLKO Fall Time(3) — 5.2 — ns

OS42 GM External Oscillator 
Transconductance(4)

14 16 18 mA/V VDD = 3.3V,
TA = +25ºC

Note 1: Data in “Typ” column is at 3.3V, +25°C unless otherwise stated.

2: Instruction cycle period (TCY) equals two times the input oscillator time-base period. All specified values 
are based on characterization data for that particular oscillator type under standard operating conditions 
with the device executing code. Exceeding these specified limits may result in an unstable oscillator 
operation and/or higher than expected current consumption. All devices are tested to operate at “min.” 
values with an external clock applied to the OSC1/CLKI pin. When an external clock input is used, the 
“max.” cycle time limit is “DC” (no clock) for all devices.

3: Measurements are taken in EC mode. The CLKO signal is measured on the OSC2 pin.

4: Data for this parameter is Preliminary. This parameter is characterized, but not tested in manufacturing.
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 =

TABLE 24-40: 10-BIT HIGH-SPEED ADC MODULE SPECIFICATIONS

AC CHARACTERISTICS

Standard Operating Conditions (see Note 2): 3.0V and 3.6V
(unless otherwise stated)
Operating temperature -40°C  TA  +85°C for Industrial 

-40°C  TA  +125°C for Extended 

Param 
No.

Symbol Characteristic Min. Typ. Max. Units Conditions

Device Supply

AD01 AVDD Module VDD Supply — — — — AVDD is internally connected to 
VDD; see Parameter DC10 in 
Table 24-4

AD02 AVSS Module VSS Supply — — — — AVSS is internally connected 
to VSS

Analog Input

AD10 VINH-VINL Full-Scale Input Span VSS — VDD V

AD11 VIN Absolute Input Voltage AVSS — AVDD V

AD12 IAD Operating Current — 8 — mA

AD13 — Leakage Current — ±0.6 — A VINL = AVSS = 0V, AVDD = 3.3V,
Source Impedance = 100

AD17 RIN Recommended Impedance
Of Analog Voltage Source

— — 100 

DC Accuracy @ 1.5 Msps

AD20A Nr Resolution 10 Data Bits

AD21A INL Integral Nonlinearity -0.5 -0.3/+0.5 +1.2 LSb

AD22A DNL Differential Nonlinearity -0.9 ±0.6 +0.9 LSb

AD23A GERR Gain Error 13 15 22 LSb

AD24A EOFF Offset Error 6 7 8 LSb

AD25A — Monotonicity(1) — — — — Guaranteed

DC Accuracy @ 1.7 Msps

AD20B Nr Resolution 10 Data Bits

AD21B INL Integral Nonlinearity -0.5 -0.4/+1.1 +1.8 LSb

AD22B DNL Differential Nonlinearity -1.0 ±1.0 +1.5 LSb

AD23B GERR Gain Error 13 15 22 LSb

AD24B EOFF Offset Error 6 7 8 LSb

AD25B — Monotonicity(1) — — — — Guaranteed

DC Accuracy @ 2.0 Msps

AD20C Nr Resolution 10 Data Bits

AD21C INL Integral Nonlinearity -0.8 -0.5/+1.8 +2.8 LSb

AD22C DNL Differential Nonlinearity -1.0 -1.0/+1.8 +2.8 LSb

AD23C GERR Gain Error 14 16 23 LSb

AD24C EOFF Offset Error 6 7 8 LSb

AD25C — Monotonicity(1) — — — — Guaranteed

Dynamic Performance

AD30 THD Total Harmonic Distortion — -73 — dB

AD31 SINAD Signal to Noise and Distortion — 58 — dB

AD32 SFDR Spurious Free Dynamic Range — -73 — dB

AD33 FNYQ Input Signal Bandwidth — — 1 MHz

AD34 ENOB Effective Number of Bits — 9.4 — bits

Note 1: The Analog-to-Digital conversion result never decreases with an increase in input voltage, and has no 
missing codes.

2: Module is functional at VBOR < VDD < VDDMIN, but with degraded performance. Module functionality is 
tested but not characterized.
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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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For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Note:

Microchip Technology Drawing  C04-157D Sheet 2 of 2

0.300.20 0.25Terminal Length L
Terminal-to-Exposed Pad

REF:  Reference Dimension, usually without tolerance, for information purposes only.

3.  Dimensioning and tolerancing per ASME Y14.5M.
BSC:  Basic Dimension. Theoretically exact value shown without tolerances.

1.  Pin 1 visual index feature may vary, but must be located within the hatched area.
Notes:

2.  Package is saw singulated.
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(DATUM
A OR B)
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Section 23.0 “Electrical 
Characteristics”

Updated Typ values for Thermal Packaging Characteristics (Table 23-3).

Removed Typ value for DC Temperature and Voltage Specifications 
Parameter DC12 (Table 23-4).

Updated all Typ values and conditions for DC Characteristics: Operating 
Current (IDD), updated last sentence in Note 2 (Table 23-5).

Updated all Typ values for DC Characteristics: Idle Current (IIDLE) (see 
Table 23-6).

Updated all Typ values for DC Characteristics: Power Down Current (IPD) 
(see Table 23-7).

Updated all Typ values for DC Characteristics: Doze Current (IDOZE) (see 
Table 23-8).

Added Note 4 (reference to new table containing digital-only and analog pin 
information, as well as Current Sink/Source capabilities) in the I/O Pin Input 
Specifications (Table 23-9).

Updated Max value for BOR electrical characteristics Parameter BO10 (see 
Table 23-11).

Swapped Min and Typ values for Program Memory Parameters D136 and 
D137 (Table 23-12).

Updated Typ values for Internal RC Accuracy Parameter F20 and added 
Extended temperature range to table heading (see Table 23-19).

Removed all values for Reset, Watchdog Timer, Oscillator Start-up Timer, 
and Power-up Timer Parameter SY20 and updated conditions, which now 
refers to Section 20.4 “Watchdog Timer (WDT)” and LPRC Parameter 
F21a (see Table 23-22).

Added specifications to High-Speed PWM Module Timing Requirements for 
Tap Delay (Table 23-29).

Updated Min and Max values for 10-bit High-Speed Analog-to-Digital 
Module Parameters AD01 and AD11 (see Table 23-36).

Updated Max value and unit of measure for DAC AC Specification (see 
Table 23-40).

TABLE A-1: MAJOR SECTION UPDATES (CONTINUED)

Section Name Update Description
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