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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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dsPIC33FJ32GP302/304, dsPIC33FJ64GPX02/X04, AND dsPIC33FJ128GPX02/X04
dsPIC33FJ32GP302/304, 
dsPIC33FJ64GPX02/X04, AND 
dsPIC33FJ128GPX02/X04 PRODUCT 
FAMILIES
The device names, pin counts, memory sizes, and
peripheral availability of each device are listed below.
The following pages show their pinout diagrams.

TABLE 1: dsPIC33FJ32GP302/304, dsPIC33FJ64GPX02/X04, AND dsPIC33FJ128GPX02/X04 
CONTROLLER FAMILIES
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dsPIC33FJ128GP804 44 128 16 26 5 4 4 1 2 2 1 3 1 1 1 13 6 1/1 11 35 QFN
TQFP

dsPIC33FJ128GP802 28 128 16 16 5 4 4 1 2 2 1 3 1 1 1 10 4 1/0 2 21 SPDIP
SOIC

QFN-S

dsPIC33FJ128GP204 44 128 8 26 5 4 4 1 2 2 0 3 1 1 1 13 0 1/1 11 35 QFN
TQFP

dsPIC33FJ128GP202 28 128 8 16 5 4 4 1 2 2 0 3 1 1 1 10 0 1/0 2 21 SPDIP
SOIC

QFN-S

dsPIC33FJ64GP804 44 64 16 26 5 4 4 1 2 2 1 3 1 1 1 13 6 1/1 11 35 QFN
TQFP

dsPIC33FJ64GP802 28 64 16 16 5 4 4 1 2 2 1 3 1 1 1 10 4 1/0 2 21 SPDIP
SOIC

QFN-S

dsPIC33FJ64GP204 44 64 8 26 5 4 4 1 2 2 0 3 1 1 1 13 0 1/1 11 35 QFN
TQFP

dsPIC33FJ64GP202 28 64 8 16 5 4 4 1 2 2 0 3 1 1 1 10 0 1/0 2 21 SPDIP
SOIC

QFN-S

dsPIC33FJ32GP304 44 32 4 26 5 4 4 1 2 2 0 3 1 1 1 13 0 1/1 11 35 QFN
TQFP

dsPIC33FJ32GP302 28 32 4 16 5 4 4 1 2 2 0 3 1 1 1 10 0 1/0 2 21 SPDIP
SOIC

QFN-S
Note 1: RAM size is inclusive of 2 Kbytes of DMA RAM for all devices except dsPIC33FJ32GP302/304, which include 1 Kbyte of DMA RAM.

2: Only four out of five timers are remappable. 
3: Only two out of three interrupts are remappable.
DS70292G-page 2 © 2007-2012 Microchip Technology Inc.



dsPIC33FJ32GP302/304, dsPIC33FJ64GPX02/X04, AND dsPIC33FJ128GPX02/X04
4.8 Interfacing Program and Data 
Memory Spaces

The dsPIC33FJ32GP302/304, dsPIC33FJ64GPX02/
X04, and dsPIC33FJ128GPX02/X04 architecture uses
a 24 bit wide program space and a 16 bit wide data
space. The architecture is also a modified Harvard
scheme, meaning that data can also be present in the
program space. To use this data successfully, it must
be accessed in a way that preserves the alignment of
information in both spaces.

Aside from normal execution, the
dsPIC33FJ32GP302/304, dsPIC33FJ64GPX02/X04,
and dsPIC33FJ128GPX02/X04 architecture provides
two methods by which program space can be
accessed during operation: 

• Using table instructions to access individual bytes 
or words anywhere in the program space

• Remapping a portion of the program space into 
the data space (Program Space Visibility)

Table instructions allow an application to read or write
to small areas of the program memory. This capability
makes the method ideal for accessing data tables that
need to be updated periodically. It also allows access
to all bytes of the program word. The remapping
method allows an application to access a large block of
data on a read-only basis, which is ideal for look-ups
from a large table of static data. The application can
only access the least significant word of the program
word.

4.8.1 ADDRESSING PROGRAM SPACE
Since the address ranges for the data and program
spaces are 16 and 24 bits, respectively, a method is
needed to create a 23-bit or 24-bit program address
from 16-bit data registers. The solution depends on the
interface method to be used.

For table operations, the 8-bit Table Page register
(TBLPAG) is used to define a 32K word region within
the program space. This is concatenated with a 16-bit
EA to arrive at a full 24-bit program space address. In
this format, the Most Significant bit of TBLPAG is used
to determine if the operation occurs in the user memory
(TBLPAG<7> = 0) or the configuration memory
(TBLPAG<7> = 1).

For remapping operations, the 8-bit Program Space
Visibility register (PSVPAG) is used to define a
16K word page in the program space. When the Most
Significant bit of the EA is ‘1’, PSVPAG is concatenated
with the lower 15 bits of the EA to form a 23-bit program
space address. Unlike table operations, this limits
remapping operations strictly to the user memory area.

Table 4-39 and Figure 4-9 show how the program EA is
created for table operations and remapping accesses
from the data EA. Here, P<23:0> refers to a program
space word, and D<15:0> refers to a data space word.

TABLE 4-39: PROGRAM SPACE ADDRESS CONSTRUCTION

Access Type Access
Space

Program Space Address
<23> <22:16> <15> <14:1> <0>

Instruction Access
(Code Execution)

User 0 PC<22:1> 0

0xx xxxx xxxx xxxx xxxx xxx0

TBLRD/TBLWT
(Byte/Word Read/Write)

User TBLPAG<7:0> Data EA<15:0>
      0xxx xxxx xxxx xxxx xxxx xxxx

Configuration TBLPAG<7:0> Data EA<15:0>
      1xxx xxxx xxxx xxxx xxxx xxxx

Program Space Visibility
(Block Remap/Read)

User 0 PSVPAG<7:0> Data EA<14:0>(1)

   0        xxxx xxxx xxx xxxx xxxx xxxx

Note 1: Data EA<15> is always ‘1’ in this case, but is not used in calculating the program space address. Bit 15 of 
the address is PSVPAG<0>.
DS70292G-page 66 © 2007-2012 Microchip Technology Inc.



dsPIC33FJ32GP302/304, dsPIC33FJ64GPX02/X04, AND dsPIC33FJ128GPX02/X04
EXAMPLE 5-2: LOADING THE WRITE BUFFERS 

EXAMPLE 5-3: INITIATING A PROGRAMMING SEQUENCE 

; Set up NVMCON for row programming operations
MOV #0x4001, W0 ;
MOV W0, NVMCON ; Initialize NVMCON

; Set up a pointer to the first program memory location to be written
; program memory selected, and writes enabled

MOV #0x0000, W0 ; 
MOV W0, TBLPAG ; Initialize PM Page Boundary SFR
MOV #0x6000, W0 ; An example program memory address

; Perform the TBLWT instructions to write the latches
; 0th_program_word

MOV #LOW_WORD_0, W2 ; 
MOV #HIGH_BYTE_0, W3 ; 
TBLWTL W2, [W0] ; Write PM low word into program latch
TBLWTH W3, [W0++] ; Write PM high byte into program latch

; 1st_program_word
MOV #LOW_WORD_1, W2 ; 
MOV #HIGH_BYTE_1, W3 ; 
TBLWTL W2, [W0] ; Write PM low word into program latch
TBLWTH W3, [W0++] ; Write PM high byte into program latch

;  2nd_program_word
MOV #LOW_WORD_2, W2 ; 
MOV #HIGH_BYTE_2, W3 ; 
TBLWTL W2, [W0] ; Write PM low word into program latch
TBLWTH W3, [W0++] ; Write PM high byte into program latch
•
•
•

; 63rd_program_word
MOV #LOW_WORD_31, W2 ; 
MOV #HIGH_BYTE_31, W3 ; 
TBLWTL W2, [W0] ; Write PM low word into program latch
TBLWTH W3, [W0++] ; Write PM high byte into program latch

DISI #5 ; Block all interrupts with priority <7
; for next 5 instructions

MOV #0x55, W0
MOV W0, NVMKEY ; Write the 55 key 
MOV   #0xAA, W1             ;
MOV W1, NVMKEY  ; Write the AA key
BSET NVMCON, #WR ; Start the erase sequence 
NOP ; Insert two NOPs after the
NOP ; erase command is asserted
DS70292G-page 76 © 2007-2012 Microchip Technology Inc.



dsPIC33FJ32GP302/304, dsPIC33FJ64GPX02/X04, AND dsPIC33FJ128GPX02/X04
        

REGISTER 7-23: IPC8: INTERRUPT PRIORITY CONTROL REGISTER 8

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— C1IP<2:0>(1) — C1RXIP<2:0>(1)

bit 15 bit 8

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— SPI2IP<2:0> — SPI2EIP<2:0>

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 Unimplemented: Read as ‘0’
bit 14-12 C1IP<2:0>: ECAN1 Event Interrupt Priority bits(1)

111 = Interrupt is priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 11 Unimplemented: Read as ‘0’
bit 10-8 C1RXIP<2:0>: ECAN1 Receive Data Ready Interrupt Priority bits(1)

111 = Interrupt is priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 7 Unimplemented: Read as ‘0’
bit 6-4 SPI2IP<2:0>: SPI2 Event Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 3 Unimplemented: Read as ‘0’
bit 2-0 SPI2EIP<2:0>: SPI2 Error Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is priority 1
000 = Interrupt source is disabled

Note 1: Interrupts are disabled on devices without ECAN™ modules.
DS70292G-page 118 © 2007-2012 Microchip Technology Inc.



dsPIC33FJ32GP302/304, dsPIC33FJ64GPX02/X04, AND dsPIC33FJ128GPX02/X04
    

REGISTER 7-26: IPC14: INTERRUPT PRIORITY CONTROL REGISTER 14

U-0 R/W-1 R/W-0 R/W-0 U-0 U-0 U-0 U-0
— DCIEIP<2:0> — — — —

bit 15 bit 8

U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-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 Unimplemented: Read as ‘0’
bit 14-12 DCIEIP<2:0>: DCI Error Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
•
•
•
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 11-0 Unimplemented: Read as ‘0’
© 2007-2012 Microchip Technology Inc. DS70292G-page 121



dsPIC33FJ32GP302/304, dsPIC33FJ64GPX02/X04, AND dsPIC33FJ128GPX02/X04
8.3      DMA Control Registers
REGISTER 8-1: DMAxCON: DMA CHANNEL x CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 U-0 U-0
CHEN SIZE DIR HALF NULLW — — —

bit 15 bit 8

U-0 U-0 R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0
— — AMODE<1:0> — — MODE<1:0>

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 CHEN: Channel Enable bit
1 = Channel enabled
0 = Channel disabled

bit 14 SIZE: Data Transfer Size bit
1 = Byte
0 = Word

bit 13 DIR: Transfer Direction bit (source/destination bus select)
1 = Read from DMA RAM address, write to peripheral address
0 = Read from peripheral address, write to DMA RAM address

bit 12 HALF: Early Block Transfer Complete Interrupt Select bit
1 = Initiate block transfer complete interrupt when half of the data has been moved
0 = Initiate block transfer complete interrupt when all of the data has been moved

bit 11 NULLW: Null Data Peripheral Write Mode Select bit
1 = Null data write to peripheral in addition to DMA RAM write (DIR bit must also be clear) 
0 = Normal operation

bit 10-6 Unimplemented: Read as ‘0’
bit 5-4 AMODE<1:0>: DMA Channel Operating Mode Select bits

11 = Reserved (acts as Peripheral Indirect Addressing mode)
10 = Peripheral Indirect Addressing mode
01 = Register Indirect without Post-Increment mode
00 = Register Indirect with Post-Increment mode

bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 MODE<1:0>: DMA Channel Operating Mode Select bits

11 = One-Shot, Ping-Pong modes enabled (one block transfer from/to each DMA RAM buffer)
10 = Continuous, Ping-Pong modes enabled
01 = One-Shot, Ping-Pong modes disabled
00 = Continuous, Ping-Pong modes disabled
DS70292G-page 132 © 2007-2012 Microchip Technology Inc.



dsPIC33FJ32GP302/304, dsPIC33FJ64GPX02/X04, AND dsPIC33FJ128GPX02/X04
 

REGISTER 9-5: ACLKCON: AUXILIARY CONTROL REGISTER(1)

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — SELACLK AOSCMD<1:0> APSTSCLR<2:0>

bit 15 bit 8

R/W-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0
ASRCSEL — — — — — — —

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 15-14 Unimplemented: Read as ‘0’
bit 13 SELACLK: Select Auxiliary Clock Source for Auxiliary Clock Divider

1 = Auxiliary Oscillators provides the source clock for Auxiliary Clock Divider
0 = PLL output (Fosc) provides the source clock for the Auxiliary Clock Divider

bit 12-11 AOSCMD<1:0>: Auxiliary Oscillator Mode
11 = EC External Clock Mode Select
10 = XT Oscillator Mode Select
01 = HS Oscillator Mode Select
00 = Auxiliary Oscillator Disabled

bit 10-8 APSTSCLR<2:0>: Auxiliary Clock Output Divider
111 = divided by 1
110 = divided by 2
101 = divided by 4
100 = divided by 8
011 = divided by 16
010 = divided by 32
001 = divided by 64
000 = divided by 256 (default)

bit 7 ASRCSEL: Select Reference Clock Source for Auxiliary Clock
1 = Primary Oscillator is the Clock Source
0 = Auxiliary Oscillator is the Clock Source

bit 6-0 Unimplemented: Read as ‘0’

Note 1: This register is reset only on a Power-on Reset (POR).
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dsPIC33FJ32GP302/304, dsPIC33FJ64GPX02/X04, AND dsPIC33FJ128GPX02/X04
11.2 Open-Drain Configuration
In addition to the PORT, LAT and TRIS registers for
data control, some port pins can also be individually
configured for either digital or open-drain output. This
is controlled by the Open-Drain Control register,
ODCx, associated with each port. Setting any of the
bits configures the corresponding pin to act as an
open-drain output. 

The open-drain feature allows the generation of
outputs higher than VDD (e.g., 5V) on any desired 5V
tolerant pins by using external pull-up resistors. The
maximum open-drain voltage allowed is the same as
the maximum VIH specification. 

Refer to “Pin Diagrams” for the available pins and
their functionality.

11.3 Configuring Analog Port Pins
The AD1PCFGL and TRIS registers control the opera-
tion of the Analog-to-Digital (ADC) port pins. The port
pins that are to function as analog inputs must have
their corresponding TRIS bit set (input). If the TRIS bit
is cleared (output), the digital output level (VOH or VOL)
is converted.

The AD1PCFGL register has a default value of 0x0000;
therefore, all pins that share ANx functions are analog
(not digital) by default.

When the PORT register is read, all pins configured as
analog input channels are read as cleared (a low level).

Pins configured as digital inputs do not convert an
analog input. Analog levels on any pin defined as a
digital input (including the ANx pins) can cause the
input buffer to consume current that exceeds the
device specifications.

11.4 I/O Port Write/Read Timing
One instruction cycle is required between a port
direction change or port write operation and a read
operation of the same port. Typically this instruction
would be an NOP, as shown in Example 11-1.

11.5 Input Change Notification
The input change notification function of the I/O ports
allows the dsPIC33FJ32GP302/304,
dsPIC33FJ64GPX02/X04, and dsPIC33FJ128GPX02/
X04 devices to generate interrupt requests to the
processor in response to a change-of-state on selected
input pins. This feature can detect input change-of-
states even in Sleep mode, when the clocks are
disabled. Depending on the device pin count, up to 21
external signals (CNx pin) can be selected (enabled)
for generating an interrupt request on a change-of-
state.

Four control registers are associated with the CN mod-
ule. The CNEN1 and CNEN2 registers contain the
interrupt enable control bits for each of the CN input
pins. Setting any of these bits enables a CN interrupt
for the corresponding pins.

Each CN pin also has a weak pull-up connected to it.
The pull-ups act as a current source connected to the
pin, and eliminate the need for external resistors when
push-button or keypad devices are connected. The
pull-ups are enabled separately using the CNPU1 and
CNPU2 registers, which contain the control bits for
each of the CN pins. Setting any of the control bits
enables the weak pull-ups for the corresponding pins.

EXAMPLE 11-1: PORT WRITE/READ EXAMPLE

Note: Pull-ups on change notification pins
should always be disabled when the port
pin is configured as a digital output.

MOV 0xFF00, W0 ; Configure PORTB<15:8> as inputs
MOV W0, TRISBB ; and PORTB<7:0> as outputs
NOP ; Delay 1 cycle
btss PORTB, #13 ; Next Instruction
DS70292G-page 160 © 2007-2012 Microchip Technology Inc.



dsPIC33FJ32GP302/304, dsPIC33FJ64GPX02/X04, AND dsPIC33FJ128GPX02/X04
12.1 Timer Resources
Many useful resources related to Timers are provided
on the main product page of the Microchip web site for
the devices listed in this data sheet. This product page,
which can be accessed using this link, contains the
latest updates and additional information.

12.1.1 KEY RESOURCES
• Section 11. “Timers” (DS70205)
• Code Samples
• Application Notes
• Software Libraries
• Webinars
• All related dsPIC33F/PIC24H Family Reference 

Manuals Sections
• Development Tools

Note: In the event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/
Devices.aspx?dDocName=en532311
DS70292G-page 190 © 2007-2012 Microchip Technology Inc.
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dsPIC33FJ32GP302/304, dsPIC33FJ64GPX02/X04, AND dsPIC33FJ128GPX02/X04
13.4  Timerx/y Control Registers
REGISTER 13-1: TxCON: TIMER CONTROL REGISTER (x = 2 or 4, y = 3 or 5)

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 TCKPS<1:0> 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 (in 32-bit Timer mode):
1 = Starts 32-bit TMRx:TMRy timer pair
0 = Stops 32-bit TMRx:TMRy timer pair
When T32 = 0 (in 16-bit Timer mode):
1 = Starts 16-bit timer
0 = Stops 16-bit timer

bit 14 Unimplemented: Read as ‘0’
bit 13 TSIDL: Stop in Idle Mode bit

1 = Discontinue timer operation when device enters Idle mode
0 = Continue timer 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 enabled
0 = Gated time accumulation disabled

bit 5-4 TCKPS<1:0>: Timerx Input Clock Prescale Select bits
11 = 1:256 prescale value
10 = 1:64 prescale value
01 = 1:8 prescale value
00 = 1:1 prescale value

bit 3 T32: 32-bit Timerx Mode Select bit
1 = TMRx and TMRy form a 32-bit timer
0 = TMRx and TMRy form separate 16-bit timer

bit 2 Unimplemented: Read as ‘0’
bit 1 TCS: Timerx Clock Source Select bit

1 = External clock from TxCK pin
0 = Internal clock (FOSC/2)

bit 0 Unimplemented: Read as ‘0’
DS70292G-page 196 © 2007-2012 Microchip Technology Inc.



dsPIC33FJ32GP302/304, dsPIC33FJ64GPX02/X04, AND dsPIC33FJ128GPX02/X04
18.1 UART Helpful Tips
1. In multi-node direct-connect UART networks,

UART receive inputs react to the
complementary logic level defined by the
URXINV bit (UxMODE<4>), which defines the
idle state, the default of which is logic high, (i.e.,
URXINV = 0). Because remote devices do not
initialize at the same time, it is likely that one of
the devices, because the RX line is floating, will
trigger a start bit detection and will cause the
first byte received after the device has been ini-
tialized to be invalid. To avoid this situation, the
user should use a pull-up or pull-down resistor
on the RX pin depending on the value of the
URXINV bit.
a) If URXINV = 0, use a pull-up resistor on the

RX pin.
b) If URXINV = 1, use a pull-down resistor on

the RX pin. 
2. The first character received on a wake-up from

Sleep mode caused by activity on the UxRX pin
of the UART module will be invalid. In Sleep
mode, peripheral clocks are disabled. By the
time the oscillator system has restarted and
stabilized from Sleep mode, the baud rate bit
sampling clock relative to the incoming UxRX bit
timing is no longer synchronized, resulting in the
first character being invalid. This is to be
expected.

18.2 UART Resources
Many useful resources related to UART are provided
on the main product page of the Microchip web site for
the devices listed in this data sheet. This product page,
which can be accessed using this link, contains the
latest updates and additional information.

18.2.1 KEY RESOURCES
• Section 17. “UART” (DS70188)
• Code Samples
• Application Notes
• Software Libraries
• Webinars
• All related dsPIC33F/PIC24H Family Reference 

Manuals Sections
• Development Tools

Note: In the event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/
Devices.aspx?dDocName=en532311
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FIGURE 21-2: ADC1 MODULE BLOCK DIAGRAM FOR dsPIC33FJ32GP302, 
dsPIC33FJ64GP202/802 AND dsPIC33FJ128GP202/802 DEVICES    
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Note 1: VREF+, VREF- inputs can be multiplexed with other analog inputs.
2: Channels 1, 2 and 3 are not applicable for the 12-bit mode of operation.

Input Selection

ADC1BUF0

VCFG<2:0>

AVDD
AVSS

VREF-(1)

VREF+(1)

VREFH VREFL

SAR ADC
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REGISTER 21-4: AD1CON4: ADC1 CONTROL REGISTER 4

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 U-0 U-0 R/W-0 R/W-0 R/W-0
— — — — — DMABL<2:0>

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 15-3 Unimplemented: Read as ‘0’
bit 2-0 DMABL<2:0>: Selects Number of DMA Buffer Locations per Analog Input bits

111 = Allocates 128 words of buffer to each analog input
110 = Allocates 64 words of buffer to each analog input
101 = Allocates 32 words of buffer to each analog input
100 = Allocates 16 words of buffer to each analog input
011 = Allocates 8 words of buffer to each analog input
010 = Allocates 4 words of buffer to each analog input
001 = Allocates 2 words of buffer to each analog input
000 = Allocates 1 word of buffer to each analog input
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22.4 DAC Clock
The DAC clock signal clocks the internal logic of the
Audio DAC module. The data sample rate of the Audio
DAC is an integer division of the rate of the DAC clock.
The DAC clock is generated via a clock divider circuit
that accepts an auxiliary clock from the auxiliary
oscillator. 

The divisor ratio is programmed by clock divider bits
(DACFDIV<6:0>) in the DAC Control register
(DAC1CON). The resulting DAC clock must not exceed
25.6 MHz. If lower sample rates are to be used, then
the DAC filter clock frequency may be reduced to
reduce power consumption. The DAC clock frequency
is 256 times the sampling frequency.

FIGURE 22-1: BLOCK DIAGRAM OF AUDIO DIGITAL-TO-ANALOG (DAC) CONVERTER

FIGURE 22-2: AUDIO DAC OUTPUT FOR RAMP INPUT (UNSIGNED)

DAC1RDAT

DAC1LDAT

D/A

D/A

CONTROL CLK DIV DACDFLT

Amp

16
-b

it 
D

at
a 

B
us

Amp

ACLK

Note 1: If DAC1RDAT and DAC1LDAT are empty, data will be taken from the DACDFLT register.

Note 1

Note 1

DAC1LM

DAC1LP

DAC1LN

DAC1RM

DAC1RP

DAC1RN

Right Channel

Left Channel

DACFDIV<6:0>

0x0000

0xFFFF

DAC input
Count (DAC1RDAT)

VDACM

VDACM

Positive DAC 
Output (DAC1RP)

Negative DAC 
Output (DAC1RN)

VDACH

VDACL

VDACL

VDACH

Note: VOD+ = VDACH – VDACL, VOD- = VDACL – VDACH; refer to Audio DAC Module Specifications, Table 30-46, for typical values.
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REGISTER 22-2: DAC1STAT: DAC STATUS REGISTER

R/W-0 U-0 R/W-0 U-0 U-0 R/W-0 R-0 R-0
LOEN — LMVOEN — — LITYPE LFULL LEMPTY

bit 15 bit 8

R/W-0 U-0 R/W-0 U-0 U-0 R/W-0 R-0 R-0
ROEN — RMVOEN — — RITYPE RFULL REMPTY

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 LOEN: Left Channel DAC Output Enable bit
1 = Positive and negative DAC outputs are enabled
0 = DAC outputs are disabled

bit 14 Unimplemented: Read as ‘0’
bit 13 LMVOEN: Left Channel Midpoint DAC Output Voltage Enable bit

1 = Midpoint DAC output is enabled
0 = Midpoint output is disabled

bit  12-11 Unimplemented: Read as ‘0’
bit 10 LITYPE: Left Channel Type of Interrupt bit

1 = Interrupt if FIFO is Empty
0 = Interrupt if FIFO is not Full

bit 9 LFULL: Status, Left Channel Data Input FIFO is Full bit
1 = FIFO is Full
0 = FIFO is not full

bit 8 LEMPTY: Status, Left Channel Data Input FIFO is Empty bit
1 = FIFO is Empty
0 = FIFO is not Empty

bit 7 ROEN: Right Channel DAC Output Enable bit
1 = Positive and negative DAC outputs are enabled
0 = DAC outputs are disabled

bit 6 Unimplemented: Read as ‘0’
bit 5 RMVOEN: Right Channel Midpoint DAC Output Voltage Enable bit

1 = Midpoint DAC output is enabled
0 = Midpoint output is disabled

bit 4-3 Unimplemented: Read as ‘0’
bit 2 RITYPE: Right Channel Type of Interrupt bit

1 = Interrupt if FIFO is Empty
0 = Interrupt if FIFO is not Full

bit 1 RFULL: Status, Right Channel Data Input FIFO is Full bit
1 = FIFO is Full
0 = FIFO is not full

bit 0 REMPTY: Status, Right Channel Data Input FIFO is Empty bit
1 = FIFO is Empty
0 = FIFO is not Empty
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REGISTER 23-2: CVRCON: COMPARATOR VOLTAGE REFERENCE CONTROL REGISTER  

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
CVREN CVROE CVRR CVRSS CVR<3:0>

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 15-8 Unimplemented: Read as ‘0’
bit 7 CVREN: Comparator Voltage Reference Enable bit

1 = CVREF circuit powered on
0 = CVREF circuit powered down

bit 6 CVROE: Comparator VREF Output Enable bit
1 = CVREF voltage level is output on CVREF pin
0 = CVREF voltage level is disconnected from CVREF pin

bit 5 CVRR: Comparator VREF Range Selection bit
1 = CVRSRC range should be 0 to 0.625 CVRSRC with CVRSRC/24 step size 
0 = CVRSRC range should be 0.25 to 0.719 CVRSRC with CVRSRC/32 step size

bit 4 CVRSS: Comparator VREF Source Selection bit
1 = Comparator reference source CVRSRC = VREF+ – VREF- 
0 = Comparator reference source CVRSRC = AVDD – AVSS

bit 3-0 CVR<3:0>: Comparator VREF Value Selection 0 ≤ CVR<3:0> ≤ 15 bits
When CVRR = 1:
CVREF = (CVR<3:0>/ 24) •  (CVRSRC)
When CVRR = 0:
CVREF = 1/4 •  (CVRSRC)+ (CVR<3:0>/32) •  (CVRSRC)
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TABLE 28-2: INSTRUCTION SET OVERVIEW    
Base
Instr

#
Assembly
Mnemonic Assembly Syntax Description # of 

Words
# of 

Cycles
Status Flags 

Affected

1 ADD ADD Acc Add Accumulators 1 1 OA,OB,SA,SB

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

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

ADD #lit10,Wn Wd = lit10 + Wd 1 1 C,DC,N,OV,Z

ADD Wb,Ws,Wd Wd = Wb + Ws 1 1 C,DC,N,OV,Z

ADD Wb,#lit5,Wd Wd = Wb + lit5 1 1 C,DC,N,OV,Z

ADD Wso,#Slit4,Acc 16-bit Signed Add to Accumulator 1 1 OA,OB,SA,SB

2 ADDC ADDC f f = f + WREG + (C) 1 1 C,DC,N,OV,Z

ADDC f,WREG WREG = f + WREG + (C) 1 1 C,DC,N,OV,Z

ADDC #lit10,Wn Wd = lit10 + Wd + (C) 1 1 C,DC,N,OV,Z

ADDC Wb,Ws,Wd Wd = Wb + Ws + (C) 1 1 C,DC,N,OV,Z

ADDC Wb,#lit5,Wd Wd = Wb + lit5 + (C) 1 1 C,DC,N,OV,Z

3 AND AND f f = f .AND. WREG 1 1 N,Z

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

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

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

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

4 ASR ASR f f = Arithmetic Right Shift f 1 1 C,N,OV,Z

ASR f,WREG WREG = Arithmetic Right Shift f 1 1 C,N,OV,Z

ASR Ws,Wd Wd = Arithmetic Right Shift Ws 1 1 C,N,OV,Z

ASR Wb,Wns,Wnd Wnd = Arithmetic Right Shift Wb by Wns 1 1 N,Z

ASR Wb,#lit5,Wnd Wnd = Arithmetic Right Shift Wb by lit5 1 1 N,Z

5 BCLR BCLR f,#bit4 Bit Clear f 1 1 None

BCLR Ws,#bit4 Bit Clear Ws 1 1 None

6 BRA BRA C,Expr Branch if Carry 1 1 (2) None

BRA GE,Expr Branch if greater than or equal 1 1 (2) None

BRA GEU,Expr Branch if unsigned greater than or equal 1 1 (2) None

BRA GT,Expr Branch if greater than 1 1 (2) None

BRA GTU,Expr Branch if unsigned greater than 1 1 (2) None

BRA LE,Expr Branch if less than or equal 1 1 (2) None

BRA LEU,Expr Branch if unsigned less than or equal 1 1 (2) None

BRA LT,Expr Branch if less than 1 1 (2) None

BRA LTU,Expr Branch if unsigned less than 1 1 (2) None

BRA N,Expr Branch if Negative 1 1 (2) None

BRA NC,Expr Branch if Not Carry 1 1 (2) None

BRA NN,Expr Branch if Not Negative 1 1 (2) None

BRA NOV,Expr Branch if Not Overflow 1 1 (2) None

BRA NZ,Expr Branch if Not Zero 1 1 (2) None

BRA OA,Expr Branch if Accumulator A overflow 1 1 (2) None

BRA OB,Expr Branch if Accumulator B overflow 1 1 (2) None

BRA OV,Expr Branch if Overflow 1 1 (2) None

BRA SA,Expr Branch if Accumulator A saturated 1 1 (2) None

BRA SB,Expr Branch if Accumulator B saturated 1 1 (2) None

BRA Expr Branch Unconditionally 1 2 None

BRA Z,Expr Branch if Zero 1 1 (2) None

BRA Wn Computed Branch 1 2 None

7 BSET BSET f,#bit4 Bit Set f 1 1 None

BSET Ws,#bit4 Bit Set Ws 1 1 None

8 BSW BSW.C Ws,Wb Write C bit to Ws<Wb> 1 1 None

BSW.Z Ws,Wb Write Z bit to Ws<Wb> 1 1 None

9 BTG BTG f,#bit4 Bit Toggle f 1 1 None

BTG Ws,#bit4 Bit Toggle Ws 1 1 None
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30.0 ELECTRICAL CHARACTERISTICS
This section provides an overview of dsPIC33FJ32GP302/304, dsPIC33FJ64GPX02/X04, and dsPIC33FJ128GPX02/
X04 electrical characteristics. Additional information is provided in future revisions of this document as it becomes
available. 

Absolute maximum ratings for the dsPIC33FJ32GP302/304, dsPIC33FJ64GPX02/X04, and dsPIC33FJ128GPX02/X04
family are listed below. Exposure to these maximum rating conditions for extended periods can affect device reliability.
Functional operation of the device at these or any other conditions above the parameters indicated in the operation
listings of this specification is not implied.

Absolute Maximum Ratings(1) 
Ambient temperature under bias............................................................................................................ .-40°C to +125°C
Storage temperature ..............................................................................................................................  -65°C to +160°C
Voltage on VDD with respect to VSS .........................................................................................................  -0.3V to +4.0V
Voltage on any pin that is not 5V tolerant with respect to VSS(4) .................................................... -0.3V to (VDD + 0.3V)
Voltage on any 5V tolerant pin with respect to VSS when VDD ≥ 3.0V(4) ..................................................  -0.3V to +5.6V
Voltage on any 5V tolerant pin with respect to Vss when VDD < 3.0V(4)...................................................... -0.3V to 3.6V
Maximum current out of VSS pin ...........................................................................................................................300 mA
Maximum current into VDD pin(2)...........................................................................................................................250 mA
Maximum current sourced/sunk by any 2x I/O pin(3) ................................................................................................8 mA
Maximum current sourced/sunk by any 4x I/O pin(3) ..............................................................................................15 mA
Maximum current sourced/sunk by any 8x I/O pin(3) ..............................................................................................25 mA
Maximum current sunk by all ports .......................................................................................................................200 mA
Maximum current sourced by all ports(2)...............................................................................................................200 mA
   

Note 1: Stresses above those listed under “Absolute Maximum Ratings” can cause permanent damage to the
device. This is a stress rating only, and functional operation of the device at those or any other conditions
above those indicated in the operation listings of this specification is not implied. Exposure to maximum
rating conditions for extended periods can affect device reliability.

2: Maximum allowable current is a function of device maximum power dissipation (see Table 30-2).

3: Exceptions are CLKOUT, which is able to sink/source 25 mA, and the VREF+, VREF-, SCLx, SDAx, PGECx
and PGEDx pins, which are able to sink/source 12 mA.

4: See the “Pin Diagrams” section for 5V tolerant pins.
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FIGURE 30-11: SPIx MASTER MODE (FULL-DUPLEX, CKE = 1, CKP = X, SMP = 1) TIMING 
CHARACTERISTICS

TABLE 30-30: SPIx MASTER MODE (FULL-DUPLEX, CKE = 1, CKP = x, SMP = 1) 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. Symbol Characteristic(1) Min Typ(2) Max Units Conditions

SP10 TscP Maximum SCK Frequency — — 9 MHz See Note 3
SP20 TscF SCKx Output Fall Time — — — ns See parameter DO32 

and Note 4
SP21 TscR SCKx Output Rise Time — — — ns See parameter DO31 

and Note 4
SP30 TdoF SDOx Data Output Fall Time — — — ns See parameter DO32 

and Note 4
SP31 TdoR SDOx Data Output Rise Time — — — ns See parameter DO31 

and Note 4
SP35 TscH2doV,

TscL2doV
SDOx Data Output Valid after
SCKx Edge

— 6 20 ns —

SP36 TdoV2sc, 
TdoV2scL

SDOx Data Output Setup to
First SCKx Edge

30 — — ns —

SP40 TdiV2scH, 
TdiV2scL

Setup Time of SDIx Data 
Input to SCKx Edge

30 — — ns —

SP41 TscH2diL, 
TscL2diL

Hold Time of SDIx Data Input
to SCKx Edge 

30 — — ns —

Note 1: These parameters are characterized, but are not tested in manufacturing.
2: Data in “Typ” column is at 3.3V, 25°C unless otherwise stated.
3: The minimum clock period for SCKx is 111 ns. The clock generated in Master mode must not violate this 

specification.
4: Assumes 50 pF load on all SPIx pins.

SCKx
(CKP = 0)

SCKx
(CKP = 1)

SDOx

SP10

SP21SP20SP35

SP20SP21

MSb LSbBit 14 - - - - - -1

SP30, SP31

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

SP36

SP41

MSb In LSb InBit 14 - - - -1SDIx

SP40
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