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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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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
TABLE 2: dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X MOTOR CONTROL 
FAMILIES
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PIC24EP32MC202 512 32 4

5 4 4 6 1 2 2 — 3 2 1 6 2/3(1) Yes Yes 21 28

SPDIP,
SOIC, 

SSOP(5), 
QFN-S

PIC24EP64MC202 1024 64 8

PIC24EP128MC202 1024 128 16

PIC24EP256MC202 1024 256 32

PIC24EP512MC202 1024 512 48

PIC24EP32MC203 512 32 4
5 4 4 6 1 2 2 — 3 2 1 8 3/4 Yes Yes 25 36 VTLA

PIC24EP64MC203 1024 64 8

PIC24EP32MC204 512 32 4

5 4 4 6 1 2 2 — 3 2 1 9 3/4 Yes Yes 35
44/
48

VTLA(5),
TQFP, 
QFN, 
UQFN

PIC24EP64MC204 1024 64 8

PIC24EP128MC204 1024 128 16

PIC24EP256MC204 1024 256 32

PIC24EP512MC204 1024 512 48

PIC24EP64MC206 1024 64 8

5 4 4 6 1 2 2 — 3 2 1 16 3/4 Yes Yes 53 64
TQFP,
QFN

PIC24EP128MC206 1024 128 16

PIC24EP256MC206 1024 256 32

PIC24EP512MC206 1024 512 48

dsPIC33EP32MC202 512 32 4

5 4 4 6 1 2 2 — 3 2 1 6 2/3(1) Yes Yes 21 28

SPDIP,
SOIC, 

SSOP(5), 
QFN-S

dsPIC33EP64MC202 1024 64 8

dsPIC33EP128MC202 1024 128 16

dsPIC33EP256MC202 1024 256 32

dsPIC33EP512MC202 1024 512 48

dsPIC33EP32MC203 512 32 4
5 4 4 6 1 2 2 — 3 2 1 8 3/4 Yes Yes 25 36 VTLA

dsPIC33EP64MC203 1024 64 8

dsPIC33EP32MC204 512 32 4

5 4 4 6 1 2 2 — 3 2 1 9 3/4 Yes Yes 35
44/
48

VTLA(5),
TQFP, 
QFN, 
UQFN

dsPIC33EP64MC204 1024 64 8

dsPIC33EP128MC204 1024 128 16

dsPIC33EP256MC204 1024 256 32

dsPIC33EP512MC204 1024 512 48

dsPIC33EP64MC206 1024 64 8

5 4 4 6 1 2 2 — 3 2 1 16 3/4 Yes Yes 53 64
TQFP,
QFN

dsPIC33EP128MC206 1024 128 16

dsPIC33EP256MC206 1024 256 32

dsPIC33EP512MC206 1024 512 48

dsPIC33EP32MC502 512 32 4

5 4 4 6 1 2 2 1 3 2 1 6 2/3(1) Yes Yes 21 28

SPDIP,
SOIC, 

SSOP(5), 
QFN-S

dsPIC33EP64MC502 1024 64 8

dsPIC33EP128MC502 1024 128 16

dsPIC33EP256MC502 1024 256 32

dsPIC33EP512MC502 1024 512 48

dsPIC33EP32MC503 512 32 4
5 4 4 6 1 2 2 1 3 2 1 8 3/4 Yes Yes 25 36 VTLA

dsPIC33EP64MC503 1024 64 8

Note 1: On 28-pin devices, Comparator 4 does not have external connections. Refer to Section 25.0 “Op Amp/Comparator Module” for details.
2: Only SPI2 is remappable.
3: INT0 is not remappable.
4: Only the PWM Faults are remappable.
5: The SSOP and VTLA packages are not available for devices with 512 Kbytes of memory.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
FIGURE 4-2: PROGRAM MEMORY MAP FOR dsPIC33EP64GP50X, dsPIC33EP64MC20X/50X AND 
PIC24EP64GP/MC20X DEVICES 

Reset Address

0x000000

0x000002

Write Latches

User Program
Flash Memory

0x00AFEC
0x00AFEA(22K instructions)

0x800000

0xFA0000
0xFA0002
0xFA0004

DEVID

0xFEFFFE
0xFF0000

0xFFFFFE

0xF9FFFE

Unimplemented
(Read ‘0’s)

GOTO Instruction

0x000004

Reserved

0x7FFFFE

Reserved

0x000200
0x0001FEInterrupt Vector Table
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Flash Configuration
Bytes

0x00B000
0x00AFFE

Reserved

0xFF0002

Note: Memory areas are not shown to scale.

0xFF0004

Reserved

0x800FF8
0x800FF6

0x801000
0x800FFE

USERID
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Bit 3 Bit 2 Bit 1 Bit 0

All
Resets

IFS T1IF OC1IF IC1IF INT0IF 0000

IFS NIF CMIF MI2C1IF SI2C1IF 0000

IFS — — SPI2IF SPI2EIF 0000

IFS — MI2C2IF SI2C2IF — 0000

IFS RCIF U2EIF U1EIF — 0000

IFS — — — — 0000

IFS — — — PWM3IF 0000

IFS — — — — 0000

IFS TG0IF PTGWDTIF PTGSTEPIF — 0000

IEC T1IE OC1IE IC1IE INT0IE 0000

IEC NIE CMIE MI2C1IE SI2C1IE 0000

IEC — — SPI2IE SPI2EIE 0000

IEC — MI2C2IE SI2C2IE — 0000

IEC RCIE U2EIE U1EIE — 0000

IEC — — — — 0000

IEC — — — PWM3IE 0000

IEC — — — — 0000

IEC G0IE PTGWDTIE PTGSTEPIE — 0000

IPC — INT0IP<2:0> 4444

IPC — DMA0IP<2:0> 4444

IPC — T3IP<2:0> 4444

IPC — U1TXIP<2:0> 0444

IPC — SI2C1IP<2:0> 4444

IPC — INT1IP<2:0> 0004

IPC — DMA2IP<2:0> 4444

IPC — T5IP<2:0> 4444

IPC — SPI2EIP<2:0> 0444

IPC — DMA3IP<2:0> 0444

IPC — — — — 0440

IPC — — — — 0440

IPC — — — — 4440

IPC — — — — 0040

IPC — — — — 4400

IPC — PWM3IP<2:0> 0004

Le
BLE 4-6: INTERRUPT CONTROLLER REGISTER MAP FOR dsPIC33EPXXXMC20X DEVICES ONLY

File 
ame

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

0 0800 — DMA1IF AD1IF U1TXIF U1RXIF SPI1IF SPI1EIF T3IF T2IF OC2IF IC2IF DMA0IF

1 0802 U2TXIF U2RXIF INT2IF T5IF T4IF OC4IF OC3IF DMA2IF — — — INT1IF C

2 0804 — — — — — — — — — IC4IF IC3IF DMA3IF

3 0806 — — — — — QEI1IF PSEMIF — — — — —

4 0808 — — CTMUIF — — — — — — — — — C

5 080A PWM2IF PWM1IF — — — — — — — — — —

6 080C — — — — — — — — — — — —

8 0810 JTAGIF ICDIF — — — — — — — — — —

9 0812 — — — — — — — — — PTG3IF PTG2IF PTG1IF P

0 0820 — DMA1IE AD1IE U1TXIE U1RXIE SPI1IE SPI1EIE T3IE T2IE OC2IE IC2IE DMA0IE

1 0822 U2TXIE U2RXIE INT2IE T5IE T4IE OC4IE OC3IE DMA2IE — — — INT1IE C

2 0824 — — — — — — — — — IC4IE IC3IE DMA3IE

3 0826 — — — — — QEI1IE PSEMIE — — — — —

4 0828 — — CTMUIE — — — — — — — — — C

5 082A PWM2IE PWM1IE — — — — — — — — — —

6 082C — — — — — — — — — — — —

8 0830 JTAGIE ICDIE — — — — — — — — — —

9 0832 — — — — — — — — — PTG3IE PTG2IE PTG1IE PT

0 0840 — T1IP<2:0> — OC1IP<2:0> — IC1IP<2:0>

1 0842 — T2IP<2:0> — OC2IP<2:0> — IC2IP<2:0>

2 0844 — U1RXIP<2:0> — SPI1IP<2:0> — SPI1EIP<2:0>

3 0846 — — — — — DMA1IP<2:0> — AD1IP<2:0>

4 0848 — CNIP<2:0> — CMIP<2:0> — MI2C1IP<2:0>

5 084A — — — — — — — — — — — —

6 084C — T4IP<2:0> — OC4IP<2:0> — OC3IP<2:0>

7 084E — U2TXIP<2:0> — U2RXIP<2:0> — INT2IP<2:0>

8 0850 — — — — — C1RXIP<2:0> — SPI2IP<2:0>

9 0852 — — — — — IC4IP<2:0> — IC3IP<2:0>

12 0858 — — — — — MI2C2IP<2:0> — SI2C2IP<2:0>

14 085C — — — — — QEI1IP<2:0> — PSEMIP<2:0>

16 0860 — CRCIP<2:0> — U2EIP<2:0> — U1EIP<2:0>

19 0866 — — — — — — — — — CTMUIP<2:0>

23 086E — PWM2IP<2:0> — PWM1IP<2:0> — — — —

24 0870 — — — — — — — — — — — —

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



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
8.0 DIRECT MEMORY ACCESS 
(DMA)

The DMA Controller transfers data between Peripheral
Data registers and Data Space SRAM

In addition, DMA can access the entire data memory
space. The Data Memory Bus Arbiter is utilized when
either the CPU or DMA attempts to access SRAM,
resulting in potential DMA or CPU stalls.

The DMA Controller supports 4 independent channels.
Each channel can be configured for transfers to or from
selected peripherals. Some of the peripherals
supported by the DMA Controller include:

• ECAN™

• Analog-to-Digital Converter (ADC)

• Serial Peripheral Interface (SPI)

• UART

• Input Capture

• Output Compare

Refer to Table 8-1 for a complete list of supported
peripherals.

FIGURE 8-1: DMA CONTROLLER MODULE 

Note 1: This data sheet summarizes the
features of the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and
PIC24EPXXXGP/MC20X families of
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to “Direct Memory Access
(DMA)” (DS70348) in the “dsPIC33/
PIC24 Family Reference Manual”, which
is available from 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.

DMAPERIPHERAL
Data Memory

SRAM

(see Figure 4-18)
Arbiter
 2011-2013 Microchip Technology Inc. DS70000657H-page 139
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
 

REGISTER 8-5: DMAXSTBH: DMA CHANNEL X START ADDRESS REGISTER B (HIGH)

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

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

STB<23:16>

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 15-8 Unimplemented: Read as ‘0’

bit 7-0 STB<23:16>: Secondary Start Address bits (source or destination)

REGISTER 8-6: DMAXSTBL: DMA CHANNEL X START ADDRESS REGISTER B (LOW)

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

STB<15:8>

bit 15 bit 8

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

STB<7:0>

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 15-0 STB<15:0>: Secondary Start Address bits (source or destination) 
 2011-2013 Microchip Technology Inc. DS70000657H-page 145



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
REGISTER 10-6: PMD7: PERIPHERAL MODULE DISABLE CONTROL REGISTER 7

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

bit 15 bit 8

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

— — —

DMA0MD(1)

PTGMD — — —
DMA1MD(1)

DMA2MD(1)

DMA3MD(1)

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 15-5 Unimplemented: Read as ‘0’

bit 4 DMA0MD: DMA0 Module Disable bit(1)

1 = DMA0 module is disabled
0 = DMA0 module is enabled

DMA1MD: DMA1 Module Disable bit(1)

1 = DMA1 module is disabled
0 = DMA1 module is enabled

DMA2MD: DMA2 Module Disable bit(1)

1 = DMA2 module is disabled
0 = DMA2 module is enabled

DMA3MD: DMA3 Module Disable bit(1)

1 = DMA3 module is disabled
0 = DMA3 module is enabled

bit 3 PTGMD: PTG Module Disable bit

1 = PTG module is disabled
0 = PTG module is enabled

bit 2-0 Unimplemented: Read as ‘0’

Note 1: This single bit enables and disables all four DMA channels.
 2011-2013 Microchip Technology Inc. DS70000657H-page 171



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
13.2 Timer Control Registers

REGISTER 13-1: TxCON: (TIMER2 AND TIMER4) 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 R/W-0 U-0 R/W-0 U-0

— TGATE TCKPS1 TCKPS0 T32 — 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: Timerx On bit

When T32 = 1:
1 = Starts 32-bit Timerx/y
0 = Stops 32-bit Timerx/y

When T32 = 0:
1 = Starts 16-bit Timerx
0 = Stops 16-bit Timerx

bit 14 Unimplemented: Read as ‘0’

bit 13 TSIDL: Timerx 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: Timerx 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>: Timerx Input Clock Prescale Select bits

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

bit 3 T32: 32-Bit Timer Mode Select bit

1 = Timerx and Timery form a single 32-bit timer
0 = Timerx and Timery act as two 16-bit timers

bit 2 Unimplemented: Read as ‘0’

bit 1 TCS: Timerx Clock Source Select bit

1 = External clock is from pin, TxCK (on the rising edge) 
0 = Internal clock (FP)

bit 0 Unimplemented: Read as ‘0’
DS70000657H-page 210  2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
14.0 INPUT CAPTURE The input capture module is useful in applications
requiring frequency (period) and pulse measurement.
The dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/
50X and PIC24EPXXXGP/MC20X devices support
four input capture channels.

Key features of the input capture module include:

• Hardware-configurable for 32-bit operation in all 
modes by cascading two adjacent modules

• Synchronous and Trigger modes of output 
compare operation, with up to 19 user-selectable 
Trigger/Sync sources available

• A 4-level FIFO buffer for capturing and holding 
timer values for several events

• Configurable interrupt generation

• Up to six clock sources available for each module, 
driving a separate internal 16-bit counter

FIGURE 14-1: INPUT CAPTURE x MODULE BLOCK DIAGRAM 

Note 1: This data sheet summarizes the
features of the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and
PIC24EPXXXGP/MC20X families of
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to “Input Capture”
(DS70352) in the “dsPIC33/dsPIC24
Family Reference Manual”, which is
available from 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.

ICxBUF

4-Level FIFO Buffer

ICx Pin

ICM<2:0>

Set ICxIFEdge Detect Logic

ICI<1:0>

ICOV, ICBNE

Interrupt
Logic

System Bus

Prescaler
Counter
1:1/4/16

and
Clock Synchronizer

Event and

Trigger and
Sync Logic

Clock
Select

IC Clock
Sources

Trigger and
Sync Sources

ICTSEL<2:0>

SYNCSEL<4:0>
Trigger(1)

16

16

16
ICxTMR

Increment

Reset

Note 1: The Trigger/Sync source is enabled by default and is set to Timer3 as a source. This timer must be enabled for 
proper ICx module operation or the Trigger/Sync source must be changed to another source option.

PTG Trigger
Input

CTMU Edge
Control Logic
 2011-2013 Microchip Technology Inc. DS70000657H-page 213
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
REGISTER 16-14: TRIGx: PWMx PRIMARY TRIGGER COMPARE VALUE REGISTER

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

TRGCMP<15:8>

bit 15 bit 8

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

TRGCMP<7:0>

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 15-0 TRGCMP<15:0>: Trigger Control Value bits

When the primary PWMx functions in local time base, this register contains the compare values that 
can trigger the ADC module.
DS70000657H-page 242  2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
REGISTER 16-18: AUXCONx: PWMx AUXILIARY CONTROL REGISTER

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

— — — — BLANKSEL3 BLANKSEL2 BLANKSEL1 BLANKSEL0

bit 15 bit 8

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

— — CHOPSEL3 CHOPSEL2 CHOPSEL1 CHOPSEL0 CHOPHEN CHOPLEN

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 15-12 Unimplemented: Read as ‘0’

bit 11-8 BLANKSEL<3:0>: PWMx State Blank Source Select bits

The selected state blank signal will block the current-limit and/or Fault input signals (if enabled via the
BCH and BCL bits in the LEBCONx register).
1001 = Reserved

•

•

•

0100 = Reserved
0011 = PWM3H selected as state blank source
0010 = PWM2H selected as state blank source
0001 = PWM1H selected as state blank source
0000 = No state blanking

bit 7-6 Unimplemented: Read as ‘0’

bit 5-2 CHOPSEL<3:0>: PWMx Chop Clock Source Select bits

The selected signal will enable and disable (CHOP) the selected PWMx outputs.
1001 = Reserved

•

•

•

0100 = Reserved
0011 = PWM3H selected as CHOP clock source
0010 = PWM2H selected as CHOP clock source
0001 = PWM1H selected as CHOP clock source
0000 = Chop clock generator selected as CHOP clock source

bit 1 CHOPHEN: PWMxH Output Chopping Enable bit

1 = PWMxH chopping function is enabled
0 = PWMxH chopping function is disabled

bit 0 CHOPLEN: PWMxL Output Chopping Enable bit

1 = PWMxL chopping function is enabled
0 = PWMxL chopping function is disabled
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
17.0 QUADRATURE ENCODER 
INTERFACE (QEI) MODULE 
(dsPIC33EPXXXMC20X/50X 
and PIC24EPXXXMC20X 
DEVICES ONLY)

This chapter describes the Quadrature Encoder Inter-
face (QEI) module and associated operational modes.
The QEI module provides the interface to incremental
encoders for obtaining mechanical position data. 

The operational features of the QEI module include:

• 32-Bit Position Counter

• 32-Bit Index Pulse Counter

• 32-Bit Interval Timer

• 16-Bit Velocity Counter

• 32-Bit Position Initialization/Capture/Compare 
High register

• 32-Bit Position Compare Low register

• x4 Quadrature Count mode

• External Up/Down Count mode

• External Gated Count mode

• External Gated Timer mode

• Internal Timer mode

Figure 17-1 illustrates the QEI block diagram.

Note 1: This data sheet summarizes the
features of the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and
PIC24EPXXXGP/MC20X families of
devices. It is not intended to be a
comprehensive reference source. To com-
plement the information in this data sheet,
refer to “Quadrature Encoder Interface
(QEI)” (DS70601) in the “dsPIC33/PIC24
Family Reference Manual”, which is avail-
able from 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.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
FIGURE 25-2: COMPARATOR MODULE BLOCK DIAGRAM (MODULE 4)

FIGURE 25-3: OP AMP/COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
bit 1 C2OUT: Comparator 2 Output Status bit(2)

When CPOL = 0:
1 = VIN+ > VIN-
0 = VIN+ < VIN-

When CPOL = 1:
1 = VIN+ < VIN-
0 = VIN+ > VIN-

bit 0 C1OUT: Comparator 1 Output Status bit(2)

When CPOL = 0:
1 = VIN+ > VIN-
0 = VIN+ < VIN-

When CPOL = 1:
1 = VIN+ < VIN-
0 = VIN+ > VIN-

REGISTER 25-1: CMSTAT: OP AMP/COMPARATOR STATUS REGISTER (CONTINUED)

Note 1: Reflects the value of the of the CEVT bit in the respective Op Amp/Comparator Control register, 
CMxCON<9>.

2: Reflects the value of the COUT bit in the respective Op Amp/Comparator Control register, CMxCON<8>. 
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
FIGURE 30-5: TIMER1-TIMER5 EXTERNAL CLOCK TIMING CHARACTERISTICS     

 

Note: Refer to Figure 30-1 for load conditions.

TMRx

OS60

TxCK

Tx10 Tx11

Tx15 Tx20

TABLE 30-23: TIMER1 EXTERNAL CLOCK TIMING REQUIREMENTS(1) 

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.

Symbol Characteristic(2) Min. Typ. Max. Units Conditions

TA10 TTXH T1CK High 
Time

Synchronous 
mode

Greater of:
20 or

(TCY + 20)/N

— — ns Must also meet 
Parameter TA15, 
N = prescaler value 
(1, 8, 64, 256)

Asynchronous 35 — — ns

TA11 TTXL T1CK Low 
Time

Synchronous 
mode

Greater of:
20 or

(TCY + 20)/N

— — ns Must also meet 
Parameter TA15, 
N = prescaler value 
(1, 8, 64, 256)

Asynchronous 10 — — ns

TA15 TTXP T1CK Input 
Period

Synchronous 
mode

Greater of:
40 or

(2 TCY + 40)/N

— — ns N = prescale value
(1, 8, 64, 256)

OS60 Ft1 T1CK Oscillator Input 
Frequency Range (oscillator 
enabled by setting bit, TCS 
(T1CON<1>))

DC — 50 kHz

TA20 TCKEXTMRL Delay from External T1CK 
Clock Edge to Timer 
Increment

0.75 TCY + 40 — 1.75 TCY + 40 ns

Note 1: Timer1 is a Type A.

2: These parameters are characterized, but are not tested in manufacturing.
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FIGURE 30-27: SPI1 SLAVE MODE (FULL-DUPLEX, CKE = 1, CKP = 1, SMP = 0) 
TIMING CHARACTERISTICS
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MSb Bit 14 - - - - - -1 LSb

SP51

Bit 14 - - - -1 LSb In

SP52

SP73SP72

SP72SP73SP70

SP40
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Note: Refer to Figure 30-1 for load conditions.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
TABLE 30-55: OP AMP/COMPARATOR VOLTAGE REFERENCE SPECIFICATIONS

TABLE 30-54: OP AMP/COMPARATOR VOLTAGE REFERENCE SETTLING TIME SPECIFICATIONS

AC CHARACTERISTICS

Standard Operating Conditions (see Note 2): 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. Symbol Characteristic Min. Typ. Max. Units Conditions

VR310 TSET Settling Time — 1 10 s (Note 1)

Note 1: Settling time is measured while CVRR = 1 and CVR<3:0> bits transition from ‘0000’ to ‘1111’.

2: Device is functional at VBORMIN < VDD < VDDMIN, but will have degraded performance. Device functionality 
is tested, but not characterized. Analog modules (ADC, op amp/comparator and comparator voltage 
reference) may have degraded performance. Refer to Parameter BO10 in Table 30-13 for the minimum 
and maximum BOR values.

DC CHARACTERISTICS

Standard Operating Conditions (see Note 1): 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 Characteristics Min. Typ. Max. Units Conditions

VRD310 CVRES Resolution CVRSRC/24 — CVRSRC/32 LSb

VRD311 CVRAA Absolute Accuracy(2) — ±25 — mV CVRSRC = 3.3V

VRD313 CVRSRC Input Reference Voltage 0 — AVDD + 0.3 V

VRD314 CVROUT Buffer Output 
Resistance(2)

— 1.5k — 

Note 1: Device is functional at VBORMIN < VDD < VDDMIN, but will have degraded performance. Device functionality 
is tested, but not characterized. Analog modules (ADC, op amp/comparator and comparator voltage 
reference) may have degraded performance. Refer to Parameter BO10 in Table 30-13 for the minimum 
and maximum BOR values.

2: Parameter is characterized but not tested in manufacturing.
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33.1 Package Marking Information (Continued) 

XXXXXXXXXXX

64-Lead QFN (9x9x0.9 mm)

XXXXXXXXXXX
XXXXXXXXXXX

YYWWNNN

dsPIC33EP

Example

64GP506

1310017
3e-I/MR

64-Lead TQFP (10x10x1 mm)

XXXXXXXXXX
XXXXXXXXXX
XXXXXXXXXX

YYWWNNN

Example

dsPIC33EP
64GP506

1310017
-I/PT 3e

XXXXXXXXXXX

48-Lead UQFN (6x6x0.5 mm)

XXXXXXXXXXX
XXXXXXXXXXX

YYWWNNN

33EP64GP

Example

504-I/MV
1310017

3e
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
Revision D (December 2011)

This revision includes typographical and formatting
changes throughout the data sheet text.

All other major changes are referenced by their
respective section in Table A-3.

TABLE A-3: MAJOR SECTION UPDATES

Section Name Update Description

“16-bit Microcontrollers 
and Digital Signal 
Controllers (up to 
512-Kbyte Flash and 
48-Kbyte SRAM) with High-
Speed PWM, Op amps, and 
Advanced Analog”

Removed the Analog Comparators column and updated the Op amps/Comparators 
column in Table 1 and Table 2.

Section 21.0 “Enhanced 
CAN (ECAN™) Module 
(dsPIC33EPXXXGP/MC50X 
Devices Only)”

Updated the CANCKS bit value definitions in CiCTRL1: ECAN Control Register 1 
(see Register 21-1).

Section 30.0 “Electrical 
Characteristics”

Updated the VBOR specifications and/or its related note in the following electrical 
characteristics tables:

• Table 30-1

• Table 30-4

• Table 30-12

• Table 30-14

• Table 30-15

• Table 30-16

• Table 30-56

• Table 30-57

• Table 30-58

• Table 30-59

• Table 30-60
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X
Revision F (November 2012)

Removed “Preliminary” from data sheet footer.

Revision G (March 2013)

This revision includes the following global changes:

• changes “FLTx” pin function to “FLTx” on all 
occurrences

• adds Section 31.0 “High-Temperature Electrical 
Characteristics” for high-temperature (+150°C) 
data

This revision also includes minor typographical and
formatting changes throughout the text.

Other major changes are referenced by their respective
section in Table A-5.

TABLE A-5: MAJOR SECTION UPDATES

Section Name Update Description

Cover Section • Changes internal oscillator specification to 1.0%
• Changes I/O sink/source values to 12 mA or 6 mA
• Corrects 44-pin VTLA pin diagram (pin 32 now shows as 5V tolerant)

Section 4.0 “Memory 
Organization”

• Deletes references to Configuration Shadow registers
• Corrects the spelling of the JTAGIP and PTGWDTIP bits throughout
• Corrects the Reset value of all IOCON registers as C000h
• Adds footnote to Table 4-42 to indicate the absence of Comparator 3 in 28-pin 

devices

Section 6.0 “Resets” • Removes references to cold and warm Resets, and clarifies the initial configuration of 
the device clock source on all Resets

Section 7.0 “Interrupt 
Controller”

• Corrects the definition of GIE as “Global Interrupt Enable” (not “General”)

Section 9.0 “Oscillator 
Configuration”

• Clarifies the behavior of the CF bit when cleared in software
• Removes POR behavior footnotes from all control registers
• Corrects the tuning range of the TUN<5:0> bits in Register 9-4 to an overall range 

±1.5%

Section 13.0 “Timer2/3 and 
Timer4/5”

• Clarifies the presence of the ADC Trigger in 16-bit Timer3 and Timer5, as well as the 
32-bit timers

Section 15.0 “Output 
Compare”

• Corrects the first trigger source for SYNCSEL<4:0> (OCxCON2<4:0>) as OCxRS 
match

Section 16.0 “High-Speed 
PWM Module”

• Clarifies the source of the PWM interrupts in Figure 16-1
• Corrects the Reset states of IOCONx<15:14> in Register 16-13 as ‘11’

Section 17.0 “Quadrature 
Encoder Interface (QEI) 
Module”

• Clarifies the operation of the IMV<1:0> bits (QEICON<9:8>) with updated text and 
additional notes

• Corrects the first prescaler value for QFVDIV<2:0> (QEI1OC<13:11>), now 1:128

Section 23.0 “10-Bit/12-Bit 
Analog-to-Digital Converter 
(ADC)”

• Adds note to Figure 23-1 that Op Amp 3 is not available in 28-pin devices
• Changes “sample clock” to “sample trigger” in AD1CON1 (Register 23-1)
• Clarifies footnotes on op amp usage in Registers 23-5 and 23-6

Section 25.0 “Op Amp/
Comparator Module”

• Adds Note text to indicate that Comparator 3 is unavailable in 28-pin devices
• Splits Figure 25-1 into two figures for clearer presentation (Figure 25-1 for Op amp/

Comparators 1 through 3, Figure 25-2 for Comparator 4). Subsequent figures are 
renumbered accordingly.

• Corrects reference description in xxxxx (now (AVDD+AVSS)/2)
• Changes CMSTAT<15> in Register 25-1 to “PSIDL”

Section 27.0 “Special 
Features”

• Corrects the addresses of all Configuration bytes for 512 Kbyte devices
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