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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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dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04
FIGURE 3-2: dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/
X04 PROGRAMMER’S MODEL
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dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04
  

bit 7-5 IPL<2:0>: CPU Interrupt Priority Level Status bits(2)

111 = CPU Interrupt Priority Level is 7 (15), user interrupts disabled
110 = CPU Interrupt Priority Level is 6 (14)
101 = CPU Interrupt Priority Level is 5 (13)
100 = CPU Interrupt Priority Level is 4 (12)
011 = CPU Interrupt Priority Level is 3 (11)
010 = CPU Interrupt Priority Level is 2 (10)
001 = CPU Interrupt Priority Level is 1 (9)
000 = CPU Interrupt Priority Level is 0 (8)

bit 4 RA: REPEAT Loop Active bit
1 = REPEAT loop in progress
0 = REPEAT loop not in progress

bit 3 N: MCU ALU Negative bit
1 = Result was negative
0 = Result was non-negative (zero or positive)

bit 2 OV: MCU ALU Overflow bit
This bit is used for signed arithmetic (two’s complement). It indicates an overflow of a magnitude that 
causes the sign bit to change state. 
1 = Overflow occurred for signed arithmetic (in this arithmetic operation)
0 = No overflow occurred

bit 1 Z: MCU ALU Zero bit
1 = An operation that affects the Z bit has set it at some time in the past
0 = The most recent operation that affects the Z bit has cleared it (i.e., a non-zero result)

bit 0 C: MCU ALU Carry/Borrow bit
1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

REGISTER 3-1: SR: CPU STATUS REGISTER (CONTINUED)

Note 1: This bit can be read or cleared (not set).
2: The IPL<2:0> bits are concatenated with the IPL<3> bit (CORCON<3>) to form the CPU Interrupt Priority 

Level. The value in parentheses indicates the IPL if IPL<3> = 1. User interrupts are disabled when 
IPL<3> = 1.

3: The IPL<2:0> Status bits are read only when the NSTDIS bit (INTCON1<15>) = 1.
4: This bit can be read or cleared (not set). Clearing this bit clears SA and SB.
© 2007-2012 Microchip Technology Inc. DS70291G-page  27



©
 2007-2012 M

icrochip Technology Inc.
D

S
70291G

-page  53

dsPIC
33FJ32M

C
302/304, dsPIC

33FJ64M
C

X02/X04 A
N

D
 dsPIC

33FJ128M
C

X02/X04

DM 0000

DM 0000

DM — — MODE<1:0> 0000

DM QSEL<6:0> 0000

DM 0000

DM 0000

DM 0000

DM 0000

DM — — MODE<1:0> 0000

DM QSEL<6:0> 0000

DM 0000

DM 0000

DM 0000

DM 0000

DM XWCOL3 XWCOL2 XWCOL1 XWCOL0 0000

DM PPST3 PPST2 PPST1 PPST0 0000

DS 0000

TA

Fi Bit 3 Bit 2 Bit 1 Bit 0 All 
Resets

Le
A5PAD 03C4 PAD<15:0>

A5CNT 03C6 — — — — — — CNT<9:0>

A6CON 03C8 CHEN SIZE DIR HALF NULLW — — — — — AMODE<1:0>

A6REQ 03CA FORCE — — — — — — — — IR

A6STA 03CC STA<15:0>

A6STB 03CE STB<15:0>

A6PAD 03D0 PAD<15:0>

A6CNT 03D2 — — — — — — CNT<9:0>

A7CON 03D4 CHEN SIZE DIR HALF NULLW — — — — — AMODE<1:0>

A7REQ 03D6 FORCE — — — — — — — — IR

A7STA 03D8 STA<15:0>

A7STB 03DA STB<15:0>

A7PAD 03DC PAD<15:0>

A7CNT 03DE — — — — — — CNT<9:0>

ACS0 03E0 PWCOL7 PWCOL6 PWCOL5 PWCOL4 PWCOL3 PWCOL2 PWCOL1 PWCOL0 XWCOL7 XWCOL6 XWCOL5 XWCOL4

ACS1 03E2 — — — — LSTCH<3:0> PPST7 PPST6 PPST5 PPST4

ADR 03E4 DSADR<15:0>

BLE 4-20: DMA REGISTER MAP (CONTINUED)

le Name 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

gend: — = unimplemented, read as ‘0’.



dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04
4.6.3 MODULO ADDRESSING 
APPLICABILITY

Modulo Addressing can be applied to the Effective 
Address (EA) calculation associated with any W 
register. Address boundaries check for addresses 
equal to:

• The upper boundary addresses for incrementing 
buffers

• The lower boundary addresses for decrementing 
buffers

It is important to realize that the address boundaries 
check for addresses less than or greater than the upper 
(for incrementing buffers) and lower (for decrementing 
buffers) boundary addresses (not just equal to). 
Address changes can, therefore, jump beyond 
boundaries and still be adjusted correctly.

4.7 Bit-Reversed Addressing
Bit-Reversed Addressing mode is intended to simplify 
data reordering for radix-2 FFT algorithms. It is 
supported by the X AGU for data writes only.

The modifier, which can be a constant value or register 
contents, is regarded as having its bit order reversed. 
The address source and destination are kept in normal 
order. Therefore, the only operand requiring reversal is 
the modifier.

4.7.1 BIT-REVERSED ADDRESSING 
IMPLEMENTATION

Bit-Reversed Addressing mode is enabled in any of 
these situations:

• The BWM bits (W register selection) in the 
MODCON register are any value other than ‘15’ 
(the stack cannot be accessed using 
Bit-Reversed Addressing)

• The BREN bit is set in the XBREV register
• The addressing mode used is Register Indirect 

with Pre-Increment or Post-Increment

If the length of a bit-reversed buffer is M = 2N bytes, 
the last ‘N’ bits of the data buffer start address must 
be zeros. 

The XB<14:0> bits is the Bit-Reversed Address 
modifier, or pivot point, which is typically a constant. In 
the case of an FFT computation, its value is equal to 
half of the FFT data buffer size. 

When enabled, Bit-Reversed Addressing is executed 
only for Register Indirect with Pre-Increment or 
Post-Increment Addressing and word-sized data 
writes. It does not function for any other addressing 
mode or for byte-sized data, and normal addresses are 
generated instead. When Bit-Reversed Addressing is 
active, the W Address Pointer is always added to the 
address modifier (XB), and the offset associated with 
the Register Indirect Addressing mode is ignored. In 
addition, as word-sized data is a requirement, the LSb 
of the EA is ignored (and always clear). 

If Bit-Reversed Addressing has already been enabled 
by setting the BREN bit (XBREV<15>), a write to the 
XBREV register should not be immediately followed by 
an indirect read operation using the W register that has 
been designated as the bit-reversed pointer.

Note: The modulo corrected effective address is 
written back to the register only when 
Pre-Modify or Post-Modify Addressing 
mode is used to compute the effective 
address. When an address offset (such as 
[W7 + W2]) is used, Modulo Address 
correction is performed, but the contents 
of the register remain unchanged. 

Note: All bit-reversed EA calculations assume 
word-sized data (LSb of every EA is 
always clear). The XB value is scaled 
accordingly to generate compatible (byte) 
addresses.

Note: The Modulo Addressing and Bit-Reversed 
Addressing should not be enabled 
together. If an application attempts to do 
so, Bit-Reversed Addressing assumes
priority when active for the X WAGU and X 
WAGU, Modulo Addressing is disabled. 
However, Modulo Addressing continues to 
function in the X RAGU.
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dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04
55-64 0x000072-0x000084 0x000172-0x000184 Reserved
65 0x000086 0x000186 PWM1 – PWM1 Period Match
66 0x000088 0x000188 QEI1 – Position Counter Compare

67-68 0x00008A-0x00008C 0x00018A-0x00018C Reserved
69 0x00008E 0x00018E DMA5 – DMA Channel 5
70 0x000090 0x000190 RTCC – Real Time Clock
71 0x000092 0x000192 FLTA1 – PWM1 Fault A
72 0x000094 0x000194 Reserved
73 0x000096 0x000196 U1E – UART1 Error
74 0x000098 0x000198 U2E – UART2 Error
75 0x00009A 0x00019A CRC – CRC Generator Interrupt
76 0x00009C 0x00019C DMA6 – DMA Channel 6
77 0x00009E 0x00019E DMA7 – DMA Channel 7
78 0x0000A0 0x0001A0 C1TX – ECAN1 TX Data Request

79-80 0x0000A2-0x0000A4 0x0001A2-0x0001A4 Reserved
81 0x0000A6 0x0001A6 PWM2 – PWM2 Period Match
82 0x0000A8 0x0001A8 FLTA2 – PWM2 Fault A
83 0x0000AA 0x0001AA QEI2 – Position Counter Compare

84-85 0x0000AC-0x0000AE 0x0001AC-0x0001AE Reserved
86 0x0000B0 0x0001B0 DAC1R – DAC1 Right Data Request
87 0x0000B2 0x0001B2 DAC1L – DAC1 Left Data Request

88-126 0x0000B4-0x0000FE 0x0001B4-0x0001FE Reserved

TABLE 7-1: INTERRUPT VECTORS (CONTINUED)
Vector 

Number IVT Address AIVT Address Interrupt Source
DS70291G-page  92 © 2007-2012 Microchip Technology Inc.
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REGISTER 11-11: RPINR15: PERIPHERAL PIN SELECT INPUT REGISTER 15

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-1 R/W-1 R/W-1 R/W-1 R/W-1
— — — INDX1R<4:0>

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 15-5 Unimplemented: Read as ‘0’ 
bit 4-0 INDX1R<4:0>: Assign QEI1 INDEX (INDX1) to the corresponding RPn pin

11111 = Input tied to VSS
11001 = Input tied to RP25
•
•
•
00001 = Input tied to RP1
00000 = Input tied to RP0
© 2007-2012 Microchip Technology Inc. DS70291G-page  179



dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04
REGISTER 11-12: RPINR16: PERIPHERAL PIN SELECT INPUT REGISTERS 16

U-0 U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — — QEB2R<4:0>

bit 15 bit 8

U-0 U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — — QEA2R<4:0>

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 15-13 Unimplemented: Read as ‘0’ 
bit 12-8 QEB2R<4:0>: Assign B (QEB2) to the corresponding pin

11111 = Input tied to VSS
11001 = Input tied to RP25
•
•
•
00001 = Input tied to RP1
00000 = Input tied to RP0

bit 7-5 Unimplemented: Read as ‘0’ 
bit 4-0 QEA2R<4:0>: Assign A (QEA2) to the corresponding pin

11111 = Input tied to VSS
11001 = Input tied to RP25
•
•
•
00001 = Input tied to RP1
00000 = Input tied to RP0
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REGISTER 11-17: RPINR21: PERIPHERAL PIN SELECT INPUT REGISTER 21

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-1 R/W-1 R/W-1 R/W-1 R/W-1
— — — SS1R<4:0>

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 15-5 Unimplemented: Read as ‘0’ 
bit 4-0 SS1R<4:0>: Assign SPI1 Slave Select Input (SS1) to the corresponding RPn pin

11111 = Input tied to VSS
11001 = Input tied to RP25
•
•
•
00001 = Input tied to RP1
00000 = Input tied to RP0
© 2007-2012 Microchip Technology Inc. DS70291G-page  185



dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04
The Timer2/3 and Timer4/5 modules can operate in 
one of the following modes:

• Timer mode
• Gated Timer mode
• Synchronous Counter mode

In Timer and Gated Timer modes, the input clock is 
derived from the internal instruction cycle clock (FCY). 
In Synchronous Counter mode, the input clock is 
derived from the external clock input at TxCK pin.

The timer modes are determined by the following bits:

• TCS (TxCON<1>): Timer Clock Source Control bit
• TGATE (TxCON<6>): Timer Gate Control bit

Timer control bit settings for different operating modes 
are given in the Table 13-1.

TABLE 13-1: TIMER MODE SETTINGS

13.1 16-bit Operation
To configure any of the timers for individual 16-bit 
operation:

1. Clear the T32 bit corresponding to that timer.
2. Select the timer prescaler ratio using the 

TCKPS<1:0> bits.
3. Set the Clock and Gating modes using the TCS 

and TGATE bits.
4. Load the timer period value into the PRx 

register.
5. If interrupts are required, set the interrupt enable 

bit, TxIE. Use the priority bits, TxIP<2:0>, to set 
the interrupt priority.

6. Set the TON bit.

13.2 32-bit Operation
A 32-bit timer module can be formed by combining a 
Type B and a Type C 16-bit timer module. For 32-bit 
timer operation, the T32 control bit in the Type B Timer 
Control register (TxCON<3>) must be set. The Type C 
timer holds the most significant word (msw) and the 
Type B timer holds the least significant word (lsw) for 
32-bit operation. 

When configured for 32-bit operation, only the Type B 
Timer Control register (TxCON) bits are required for 
setup and control. Type C timer control register bits are 
ignored (except TSIDL bit).

For interrupt control, the combined 32-bit timer uses 
the interrupt enable, interrupt flag and interrupt priority 
control bits of the Type C timer. The interrupt control 
and status bits for the Type B timer are ignored during 
32-bit timer operation.

The Type B and Type C timers that can be combined to 
form a 32-bit timer are listed in Table 13-2.

TABLE 13-2: 32-BIT TIMER

A block diagram representation of the 32-bit timer 
module is shown in Figure 13-3. The 32-timer module 
can operate in one of the following modes:
• Timer mode
• Gated Timer mode
• Synchronous Counter mode

To configure the features of Timer2/3 or Timer4/5 for 
32-bit operation:

1. Set the T32 control bit.
2. Select the prescaler ratio for Timer2 or Timer4

using the TCKPS<1:0> bits.
3. Set the Clock and Gating modes using the 

corresponding TCS and TGATE bits.
4. Load the timer period value. PR3 or PR5

contains the most significant word of the value, 
while PR2 or PR4 contains the least significant 
word.

5. If interrupts are required, set the interrupt enable 
bits, T3IE or T5IE. Use the priority bits, 
T3IP<2:0> or T5IP<2:0> to set the interrupt 
priority. While Timer2 or Timer4 controls the 
timer, the interrupt appears as a Timer3 or 
Timer5 interrupt.

6. Set the corresponding TON bit.

The timer value at any point is stored in the register 
pair, TMR3:TMR2 or TMR5:TMR4, which always 
contains the most significant word of the count, while 
TMR2 or TMR4 contains the least significant word.

Mode TCS TGATE

Timer 0 0

Gated timer 0 1

Synchronous counter 1 x

Note: Only Timer2 and Timer3 can trigger a 
DMA data transfer.

TYPE B Timer (lsw) TYPE C Timer (msw)

Timer2 Timer3

Timer4 Timer5
DS70291G-page  200 © 2007-2012 Microchip Technology Inc.
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18.0 SERIAL PERIPHERAL 
INTERFACE (SPI)

The Serial Peripheral Interface (SPI) module is a 
synchronous serial interface useful for communicating 
with other peripheral or microcontroller devices. These 
peripheral devices can be serial EEPROMs, shift 
registers, display drivers, analog-to-digital converters, 
etc. The SPI module is compatible with Motorola® SPI 
and SIOP.

Each SPI module consists of a 16-bit shift register, 
SPIxSR (where x = 1 or 2), used for shifting data in and 
out, and a buffer register, SPIxBUF. A control register, 
SPIxCON, configures the module. Additionally, a status 
register, SPIxSTAT, indicates status conditions.

The serial interface consists of 4 pins:

• SDIx (serial data input)
• SDOx (serial data output)
• SCKx (shift clock input or output)
• SSx (active-low slave select)

In Master mode operation, SCK is a clock output. In 
Slave mode, it is a clock input.

FIGURE 18-1: SPI MODULE BLOCK DIAGRAM 

Note 1: This data sheet summarizes the features 
of the dsPIC33FJ32MC302/304, 
dsPIC33FJ64MCX02/X04 and 
dsPIC33FJ128MCX02/X04 family of 
devices. It is not intended to be a 
comprehensive reference source. To 
complement the information in this data 
sheet, refer to Section 18. “Serial 
Peripheral Interface (SPI)” (DS70206) 
of the “dsPIC33F/PIC24H 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.
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21.3 Modes of Operation
The ECAN module can operate in one of several 
operation modes selected by the user. These modes 
include:
• Initialization mode
• Disable mode
• Normal Operation mode
• Listen Only mode
• Listen All Messages mode
• Loopback mode

Modes are requested by setting the REQOP<2:0> bits 
(CiCTRL1<10:8>). Entry into a mode is Acknowledged 
by monitoring the OPMODE<2:0> bits 
(CiCTRL1<7:5>). The module does not change the 
mode and the OPMODE bits until a change in mode is 
acceptable, generally during bus Idle time, which is 
defined as at least 11 consecutive recessive bits.

21.3.1 INITIALIZATION MODE
In the Initialization mode, the module does not transmit 
or receive. The error counters are cleared and the 
interrupt flags remain unchanged. The user application 
has access to Configuration registers that are access 
restricted in other modes. The module protects the user 
from accidentally violating the CAN protocol through 
programming errors. All registers which control the 
configuration of the module can not be modified while 
the module is on-line. The ECAN module is not allowed 
to enter the Configuration mode while a transmission is 
taking place. The Configuration mode serves as a lock 
to protect the following registers:
• All Module Control registers
• Baud Rate and Interrupt Configuration registers 
• Bus Timing registers 
• Identifier Acceptance Filter registers 
• Identifier Acceptance Mask registers

21.3.2 DISABLE MODE
In Disable mode, the module does not transmit or 
receive. The module has the ability to set the WAKIF bit 
due to bus activity, however, any pending interrupts 
remains and the error counters retains their value.

If the REQOP<2:0> bits (CiCTRL1<10:8>) = 001, the 
module enters the Module Disable mode. If the module is 
active, the module waits for 11 recessive bits on the CAN 
bus, detect that condition as an Idle bus, then accept the 
module disable command. When the OPMODE<2:0> 
bits (CiCTRL1<7:5>) = 001, that indicates whether the 
module successfully went into Module Disable mode. 
The I/O pins reverts to normal I/O function when the 
module is in the Module Disable mode.

The module can be programmed to apply a low-pass 
filter function to the CiRX input line while the module or 
the CPU is in Sleep mode. The WAKFIL bit 
(CiCFG2<14>) enables or disables the filter.

21.3.3 NORMAL OPERATION MODE
Normal Operation mode is selected when the 
REQOP<2:0> = 000. In this mode, the module is 
activated and the I/O pins assumes the CAN bus 
functions. The module transmits and receive CAN bus 
messages via the CiTX and CiRX pins.

21.3.4 LISTEN ONLY MODE
If the Listen Only mode is activated, the module on the 
CAN bus is passive. The transmitter buffers revert to 
the port I/O function. The receive pins remain inputs. 
For the receiver, no error flags or Acknowledge signals 
are sent. The error counters are deactivated in this 
state. The Listen Only mode can be used for detecting 
the baud rate on the CAN bus. To use this, it is 
necessary that there are at least two further nodes that 
communicate with each other. 

21.3.5 LISTEN ALL MESSAGES MODE
The module can be set to ignore all errors and receive 
any message. The Listen All Messages mode is 
activated by setting the REQOP<2:0> = 111. In this 
mode, the data which is in the message assembly 
buffer, until the time an error occurred, is copied in the 
receive buffer and can be read via the CPU interface. 

21.3.6 LOOPBACK MODE
If the Loopback mode is activated, the module 
connects the internal transmit signal to the internal 
receive signal at the module boundary. The transmit 
and receive pins revert to their port I/O function.

Note: Typically, if the ECAN module is allowed to 
transmit in a particular mode of operation 
and a transmission is requested 
immediately after the ECAN module has 
been placed in that mode of operation, the 
module waits for 11 consecutive recessive 
bits on the bus before starting 
transmission. If the user switches to 
Disable mode within this 11-bit period, 
then this transmission is aborted and the 
corresponding TXABT bit is set and 
TXREQ bit is cleared.
DS70291G-page  256 © 2007-2012 Microchip Technology Inc.



dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04
21.4 ECAN Resources
Many useful resources related to ECAN 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.

21.4.1 KEY RESOURCES
• Section 21. “Enhanced Controller Area 

Network (ECAN™)” (DS70185)
• 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=en532315
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bit 3 SIMSAM: Simultaneous Sample Select bit (only applicable when CHPS<1:0> = 01 or 1x)
When AD12B = 1, SIMSAM is: U-0, Unimplemented, Read as ‘0’
1 = Samples CH0, CH1, CH2, CH3 simultaneously (when CHPS<1:0> = 1x); or 

Samples CH0 and CH1 simultaneously (when CHPS<1:0> = 01)
0 = Samples multiple channels individually in sequence

bit 2 ASAM: ADC Sample Auto-Start bit
1 = Sampling begins immediately after last conversion. SAMP bit is auto-set
0 = Sampling begins when SAMP bit is set

bit 1 SAMP: ADC Sample Enable bit
1 = ADC sample/hold amplifiers are sampling
0 = ADC sample/hold amplifiers are holding
If ASAM = 0, software can write ‘1’ to begin sampling. Automatically set by hardware if ASAM = 1.
If SSRC = 000, software can write ‘0’ to end sampling and start conversion. If SSRC ≠ 000,  
automatically cleared by hardware to end sampling and start conversion.

bit 0 DONE: ADC Conversion Status bit 
1 = ADC conversion cycle is completed
0 = ADC conversion not started or in progress
Automatically set by hardware when ADC conversion is complete. Software can write ‘0’ to clear 
DONE status (software not allowed to write ‘1’). Clearing this bit does NOT affect any operation in 
progress. Automatically cleared by hardware at start of a new conversion.

REGISTER 22-1: AD1CON1: ADC1 CONTROL REGISTER 1 (CONTINUED)
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26.0 PROGRAMMABLE CYCLIC 
REDUNDANCY CHECK (CRC) 
GENERATOR

The programmable CRC generator offers the following 
features:

• User-programmable polynomial CRC equation
• Interrupt output
• Data FIFO

26.1 Overview
The module implements a software configurable CRC 
generator. The terms of the polynomial and its length 
can be programmed using the CRCXOR bits (X<15:1>) 
and the CRCCON bits (PLEN<3:0>), respectively.

EQUATION 26-1: CRC EQUATION

To program this polynomial into the CRC generator, 
the CRC register bits should be set as shown in 
Table 26-1.

TABLE 26-1: EXAMPLE CRC SETUP

For the value of X<15:1>, the 12th bit and the 5th bit are 
set to ‘1’, as required by the CRC equation. The 0th bit 
required by the CRC equation is always XORed. For a 
16-bit polynomial, the 16th bit is also always assumed 
to be XORed; therefore, the X<15:1> bits do not have 
the 0th bit or the 16th bit.

The topology of a standard CRC generator is shown in 
Figure 26-2.

FIGURE 26-1: CRC SHIFTER DETAILS   

Note 1: This data sheet summarizes the features 
of the dsPIC33FJ32MC302/304, 
dsPIC33FJ64MCX02/X04 and 
dsPIC33FJ128MCX02/X04 family of 
devices. It is not intended to be a 
comprehensive reference source. To 
complement the information in this data 
sheet, refer to Section 36. 
“Programmable Cyclic Redundancy 
Check (CRC)” (DS70298) of the 
“dsPIC33F/PIC24H 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.

Bit Name Bit Value

PLEN<3:0> 1111

X<15:1> 000100000010000

x16 x12 x5 1+ + +

IN
OUT

BIT 0

0

1

p_clk

X1

IN
OUT

BIT 1

0

1

p_clk

X2

IN
OUT

BIT 2

0

1

p_clk

X3

IN
OUT

BIT 15

0

1

p_clk

X15

XOR

DOUT

0 1 2 15
PLEN<3:0>

Hold Hold Hold Hold

CRC Read Bus

CRC Write Bus

CRC Shift Register
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TABLE 28-2: dsPIC33F CONFIGURATION BITS DESCRIPTION 
Bit Field Register RTSP Effect Description

BWRP FBS Immediate Boot Segment Program Flash Write Protection
1 = Boot segment can be written
0 = Boot segment is write-protected

BSS<2:0> FBS Immediately Boot Segment Program Flash Code Protection Size
X11 = No Boot program Flash segment

Boot space is 1K Instruction Words (except interrupt vectors)
110 = Standard security; boot program Flash segment ends at 

0x0007FE
010 = High security; boot program Flash segment ends at 0x0007FE

Boot space is 4K Instruction Words (except interrupt vectors)
101 = Standard security; boot program Flash segment, ends at 

0x001FFE
001 = High security; boot program Flash segment ends at 0x001FFE

Boot space is 8K Instruction Words (except interrupt vectors)
100 = Standard security; boot program Flash segment ends at 

0x003FFE
000 = High security; boot program Flash segment ends at 0x003FFE

RBS<1:0>(1) FBS Immediate Boot Segment RAM Code Protection Size
11 = No Boot RAM defined
10 = Boot RAM is 128 bytes
01 = Boot RAM is 256 bytes
00 = Boot RAM is 1024 bytes

SWRP(1) FSS(1) Immediate Secure Segment Program Flash Write-Protect bit
1 = Secure Segment can bet written
0 = Secure Segment is write-protected

SSS<2:0> FSS Immediate Secure Segment Program Flash Code Protection Size 
(Secure segment is not implemented on 32K devices)
X11 = No Secure program flash segment

Secure space is 4K IW less BS
110 = Standard security; secure program Flash segment starts at End 

of BS, ends at 0x001FFE
010 = High security; secure program Flash segment starts at End of 

BS, ends at 0x001FFE

Secure space is 8K IW less BS
101 = Standard security; secure program Flash segment starts at End 

of BS, ends at 0x003FFE
001 = High security; secure program Flash segment starts at End of 

BS, ends at 0x003FFE

Secure space is 16K IW less BS
100 = Standard security; secure program Flash segment starts at End 

of BS, ends at 007FFEh
000 = High security; secure program Flash segment starts at End of 

BS, ends at 0x007FFE

RSS<1:0>(1) FSS(1) Immediate Secure Segment RAM Code Protection
11 = No Secure RAM defined
10 = Secure RAM is 256 Bytes less BS RAM
01 = Secure RAM is 2048 Bytes less BS RAM
00 = Secure RAM is 4096 Bytes less BS RAM

Note 1: This Configuration register is not available on dsPIC33FJ32MC302/304 devices.
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31.1 DC Characteristics 

TABLE 31-1: OPERATING MIPS VS. VOLTAGE

Characteristic VDD Range
(in Volts)

Temp Range
(in °C)

Max MIPS

dsPIC33FJ32MC302/304, 
dsPIC33FJ64MCX02/X04 and 

dsPIC33FJ128MCX02/X04

— 3.0-3.6V(1) -40°C to +85°C 40
— 3.0-3.6V(1) -40°C to +125°C 40

Note 1: Device is functional at VBORMIN < VDD < VDDMIN. Analog modules such as the ADC will have degraded 
performance. Device functionality is tested but not characterized. Refer to parameter BO10 in Table 31-11 
for the minimum and maximum BOR values.

TABLE 31-2: THERMAL OPERATING CONDITIONS
Rating Symbol Min Typ Max Unit

Industrial Temperature Devices
Operating Junction Temperature Range TJ -40 — +125 °C
Operating Ambient Temperature Range TA -40 — +85 °C

Extended Temperature Devices
Operating Junction Temperature Range TJ -40 — +155 °C
Operating Ambient Temperature Range TA -40 — +125 °C

Power Dissipation:
Internal chip power dissipation:

PINT = VDD x (IDD – Σ IOH) PD PINT + PI/O W
I/O Pin Power Dissipation:

I/O = Σ ({VDD – VOH} x IOH) + Σ (VOL x IOL) 
Maximum Allowed Power Dissipation PDMAX (TJ – TA)/θJA W

TABLE 31-3: THERMAL PACKAGING CHARACTERISTICS
Characteristic Symbol Typ Max Unit Notes

Package Thermal Resistance, 44-pin QFN θJA 30 — °C/W 1
Package Thermal Resistance, 44-pin TFQP θJA 40 — °C/W 1
Package Thermal Resistance, 28-pin SPDIP θJA 45 — °C/W 1
Package Thermal Resistance, 28-pin SOIC θJA 50 — °C/W 1
Package Thermal Resistance, 28-pin QFN-S θJA 30 — °C/W 1
Note 1: Junction to ambient thermal resistance, Theta-JA (θJA) numbers are achieved by package simulations.
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TABLE 31-6: DC CHARACTERISTICS: IDLE CURRENT (IIDLE)  

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

Parameter 
No.(3) Typical(2) Max Units Conditions

Idle Current (IIDLE): Core OFF Clock ON Base Current(1)

DC40d 8 10 mA -40°C

3.3V 10 MIPS
DC40a 8 10 mA +25°C
DC40b 9 10 mA +85°C
DC40c 10 13 mA +125°C
DC41d 13 15 mA -40°C

3.3V 16 MIPS
DC41a 13 mA +25°C15
DC41b 13 16 mA +85°C
DC41c 13 19 mA +125°C
DC42d 15 18 mA -40°C

3.3V 20 MIPS
DC42a 16 18 mA +25°C
DC42b 16 19 mA +85°C
DC42c 17 22 mA +125°C
DC43d 23 27 mA -40°C

3.3V 30 MIPS
DC43a 23 26 mA +25°C
DC43b 24 28 mA +85°C
DC43c 25 31 mA +125°C
DC44d 31 42 mA -40°C

3.3V 40 MIPS
DC44a 31 36 mA +25°C
DC44b 32 39 mA +85°C
DC44c 34 43 mA +125°C
Note 1: Base IIDLE current is measured as follows:

• CPU core is off (i.e., Idle mode), oscillator is configured in EC mode and external clock active, OSC1 
is driven with external square wave from rail-to-rail (EC clock overshoot/undershoot < 250 mV 
required)

• CLKO is configured as an I/O input pin in the Configuration word
• External Secondary Oscillator disabled (i.e., SOSCO and SOSCI pins configured as digital I/O inputs)
• All I/O pins are configured as inputs and pulled to VSS

• MCLR = VDD, WDT and FSCM are disabled
• No peripheral modules are operating; however, every peripheral is being clocked (defined PMDx bits 

are set to zero)
• JTAG is disabled

2: Data in “Typ” column is at 3.3V, +25ºC unless otherwise stated.
3: These parameters are characterized but not tested in manufacturing.
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FIGURE 31-7: INPUT CAPTURE (CAPx) TIMING CHARACTERISTICS     

      

FIGURE 31-8: OUTPUT COMPARE MODULE (OCx) TIMING CHARACTERISTICS      

     

TABLE 31-26: INPUT CAPTURE 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 Max Units Conditions

IC10 TccL ICx Input Low Time No Prescaler 0.5 TCY + 20 — ns
With Prescaler 10 — ns

IC11 TccH ICx Input High Time No Prescaler 0.5 TCY + 20 — ns
With Prescaler 10 — ns

IC15 TccP ICx Input Period (TCY + 40)/N — ns N = prescale 
value (1, 4, 16)

Note 1: These parameters are characterized but not tested in manufacturing.

TABLE 31-27: OUTPUT COMPARE MODULE 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 Max Units Conditions

OC10 TccF OCx Output Fall Time — — — ns See parameter D032
OC11 TccR OCx Output Rise Time — — — ns See parameter D031
Note 1: These parameters are characterized but not tested in manufacturing.

ICx

IC10 IC11

IC15

Note: Refer to Figure 31-1 for load conditions.

OCx

OC11 OC10
(Output Compare

Note: Refer to Figure 31-1 for load conditions.

or PWM Mode)
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APPENDIX A: REVISION HISTORY

Revision A (August 2007)
Initial release of this document.

Revision B (March 2008)
This revision includes minor typographical and 
formatting changes throughout the data sheet text. In 
addition, redundant information was removed that is 
now available in the respective chapters of the 
“dsPIC33F/PIC24H Family Reference Manual”, which 
can be obtained from the Microchip web site
(www.microchip.com).

The major changes are referenced by their respective 
section in the following table.

 

TABLE A-1: MAJOR SECTION UPDATES 
Section Name Update Description

“High-Performance, 16-bit Digital Signal 
Controllers”

Note 1 added to all pin diagrams (see “Pin Diagrams”)

Add External Interrupts column and Note 4 to the 
“dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 and 
dsPIC33FJ128MCX02/X04 Controller Families” table

Section 1.0 “Device Overview” Updated parameters PMA0, PMA1 and PMD0 through PMPD7 
(Table 1-1)

Section 3.0 “Memory Organization” Updated FAEN bits in Table 4-8
Section 6.0 “Interrupt Controller” IFS0-IFSO4 changed to IFSX (see Section 6.3.2 “IFSx”)

IEC0-IEC4 changed to IECX (see Section 6.3.3 “IECx”)

IPC0-IPC19 changed to IPCx (see Section 6.3.4 “IPCx”)
Section 7.0 “Direct Memory Access (DMA)” Updated parameter PMP (see Table 8-1)
Section 8.0 “Oscillator Configuration” Updated the third clock source item (External Clock) in 

Section 8.1.1 “System Clock Sources”

Updated TUN<5:0> (OSCTUN<5:0>) bit description (see 
Register 8-4) 

Section 21.0 “10-bit/12-bit Analog-to-Digital 
Converter (ADC1)”

Added Note 2 to Figure 21-3

Section 27.0 “Special Features” Added Note 2 to Figure 27-1

Added parameter FICD in Table 27-1

Added parameters BKBUG, COE, JTAGEN and ICS in Table 27-2

Added Note after second paragraph in Section 27.2 “On-Chip 
Voltage Regulator”
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