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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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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104
TABLE 2: dsPIC33FJ32(GP/MC)101/102/104 DEVICE FEATURES  

Device

P
in

s

P
ro

g
ra

m
 F

la
s

h
 (

K
b

y
te

)

R
A

M
 (

K
b

yt
es

)

Remappable Peripherals

M
o

to
r 

C
o

n
tr

o
l 

P
W

M

P
W

M
 F

a
u

lt
s

1
0

-B
it

, 
1

.1
 M

s
p

s
 A

D
C

R
T

C
C

I2 C
™

C
o

m
p

a
ra

to
rs

C
T

M
U

I/
O

 P
in

s

P
a

c
k

a
g

e
s

R
e

m
a

p
p

a
b

le
 P

in
s

 

1
6

-b
it

 T
im

e
r(1

,2
)

In
p

u
t 

C
a

p
tu

re

O
u

tp
u

t 
C

o
m

p
a

re

U
A

R
T

E
x

te
rn

a
l 

In
te

rr
u

p
ts

(3
)

S
P

I

dsPIC33FJ32GP101 18 32 2 8 5 3 2 1 3 1 — — 1 ADC,
6-ch

Y 1 3 Y 13 PDIP, 
SOIC

20 32 2 8 5 3 2 1 3 1 — — 1 ADC,
6-ch

Y 1 3 Y 15 SSOP

dsPIC33FJ32GP102 28 32 2 16 5 3 2 1 3 1 — — 1 ADC,
8-ch

Y 1 3 Y 21 SPDIP,
SOIC,
SSOP,
QFN

36 32 2 16 5 3 2 1 3 1 — — 1 ADC,
8-ch

Y 1 3 Y 21 VTLA

dsPIC33FJ32GP104 44 32 2 26 5 3 2 1 3 1 — — 1 ADC,
14-ch

Y 1 3 Y 35 TQFP, 
QFN, 
VTLA

dsPIC33FJ32MC101 20 32 2 10 5 3 2 1 3 1 6-ch 1 1 ADC,
6-ch

Y 1 3 Y 15 PDIP,
SOIC,
SSOP

dsPIC33FJ32MC102 28 32 2 16 5 3 2 1 3 1 6-ch 2 1 ADC,
8-ch

Y 1 3 Y 21 SPDIP,
SOIC,
SSOP,
QFN

36 32 2 16 5 3 2 1 3 1 6-ch 2 1 ADC,
8-ch

Y 1 3 Y 21 VTLA

dsPIC33FJ32MC104 44 32 2 26 5 3 2 1 3 1 6-ch 2 1 ADC,
14-ch

Y 1 3 Y 35 TQFP, 
QFN, 
VTLA

Note 1: Four out of five timers are remappable.
2: Two pairs can be combined to have up to two 32-bit timers. 
3: Two out of three interrupts are remappable.
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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104
Pin Diagrams (Continued)
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Note 1: The RPn pins can be used by any remappable peripheral. See Table 1 for the list of available peripherals.
2: The PWM Fault pins are enabled and asserted during any Reset event. Refer to Section 15.2 “PWM Faults” 

for more information on the PWM Faults.

= Pins are up to 5V tolerant 
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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104
Pin Diagrams (Continued) 

36-Pin VTLA(2)

Note 1: The RPn pins can be used by any remappable peripheral. See Table 1 for the list of available peripherals.
2: The metal pad at the bottom of the device is not connected to any pins and is recommended to be connected 

to VSS externally.

1

dsPIC33FJ32GP102

10

33 32 31 30 29 28

2

3

4

5

6

24

23

22

21

20

19

11 12 13 14 15

N
/C

P
G

E
D

2/
A

N
0/

C
3I

N
B

/C
1I

N
A

/C
T

E
D

1/
C

N
2/

R
A

0

P
G

E
C

2/
A

N
1/

C
3I

N
A

/C
1I

N
B

/C
T

E
D

2/
C

N
3/

R
A

1

M
C

LR

A
V

D
D

R
P

15
(1

) /C
N

11
/R

B
15

R
T

C
C

/R
P

14
(1

) /C
N

12
/R

B
14

A
V

S
S

N
/C

N/C

VSS

SDA1/RP9(1)/CN21/RB9

RP13(1)/CN13/RB13

RP12(1)/CN14/RB12

RP10(1)/CN16/RB10

RP11(1)/CN15/RB11

VDD

VCAPVDD

PGED1/AN2/C2INA/C1INC/RP0(1)/CN4/RB0

PGED3/SOSCI/AN9/RP4(1)/CN1/RB4

OSCO/CLKO/CN29/RA3

AN5/C3IND/C2IND/RP3(1)/CN7/RB3

AN4/C3INC/C2INC/RP2(1)/CN6/RB2

PGEC1/AN3/CVREFIN/CVREFOUT/C2INB/C1IND/RP1(1)/CN5/RB1

VSS

OSCI/CLKI/CN30/RA2

N
/C

 (
V

ss
)

N
/C

A
S

D
A

1/
R

P
5(1

) /C
N

27
/R

B
5

P
G

E
C

3/
S

O
S

C
O

/A
N

10
/T

1C
K

/C
N

0/
R

A
4

A
S

C
L1

/R
P

6(1
) /C

N
24

/R
B

6

IN
T

0/
R

P
7(1

) /C
N

23
/R

B
7

S
C

L1
/R

P
8(1

) /C
N

22
/R

B
8

V
D

D

N
/C

 (
V

D
D

)

7

8

9

343536

16 17 18

27

26

25

= Pins are up to 5V tolerant 
DS70000652F-page 14  2011-2014 Microchip Technology Inc.



dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104
FIGURE 2-1: RECOMMENDED 
MINIMUM CONNECTION 

2.2.1 TANK CAPACITORS

On boards with power traces running longer than six
inches in length, it is suggested to use a tank capacitor
for integrated circuits including DSCs to supply a local
power source. The value of the tank capacitor should
be determined based on the trace resistance that con-
nects the power supply source to the device and the
maximum current drawn by the device in the applica-
tion. In other words, select the tank capacitor so that it
meets the acceptable voltage sag at the device. Typical
values range from 4.7 µF to 47 µF.

2.3 CPU Logic Filter Capacitor 
Connection (VCAP)

A low-ESR (< 5 Ohms) capacitor is required on the
VCAP pin, which is used to stabilize the voltage
regulator output voltage. The VCAP pin must not be
connected to VDD, and must have a capacitor between
4.7 µF and 10 µF, 16V connected to ground. The type
can be ceramic or tantalum. Refer to Section 26.0
“Electrical Characteristics” for additional information.

The placement of this capacitor should be close to the
VCAP. It is recommended that the trace length not
exceed one-quarter inch (6 mm). Refer to Section 23.2
“On-Chip Voltage Regulator” for details.

2.4 Master Clear (MCLR) Pin 

The MCLR pin provides two specific device
functions: 

• Device Reset

• Device programming and debugging 

During device programming and debugging, the
resistance and capacitance that can be added to the
pin must be considered. Device programmers and
debuggers drive the MCLR pin. Consequently,
specific voltage levels (VIH and VIL) and fast signal
transitions must not be adversely affected. Therefore,
specific values of R and C will need to be adjusted
based on the application and PCB requirements.

For example, as shown in Figure 2-2, it is
recommended that the capacitor C, be isolated from
the MCLR pin during programming and debugging
operations.

Place the components shown in Figure 2-2 within
one-quarter inch (6 mm) from the MCLR pin.

FIGURE 2-2: EXAMPLE OF MCLR PIN 
CONNECTIONS
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Note 1: As an option, instead of a hard-wired connection, an
inductor (L1) can be substituted between VDD and
AVDD to improve ADC noise rejection. The inductor
impedance should be less than 1 and the inductor
capacity greater than 10 mA.

Where:

f FCNV

2
--------------=

f 1

2 LC 
-----------------------=

L
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2f C 
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  2

=

(i.e., ADC conversion rate/2)

Note 1: R  10 k is recommended. A suggested
starting value is 10 k. Ensure that the
MCLR pin VIH and VIL specifications are met.

2: R1  470 will limit any current flowing into
MCLR from the external capacitor, C, in the
event of MCLR pin breakdown, due to
Electrostatic Discharge (ESD) or Electrical
Overstress (EOS). Ensure that the MCLR
pin VIH and VIL specifications are met.

C

R1(2)
R(1)

VDD

MCLR

dsPIC33FJP
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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104
4.6 Interfacing Program and Data 
Memory Spaces

The dsPIC33FJ16(GP/MC)101/102 and
dsPIC33FJ32(GP/MC)101/102/104 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 dsPIC33FJ16(GP/
MC)101/102 and dsPIC33FJ32(GP/MC)101/102/104
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 lookups
from a large table of static data. The application can
only access the lsw of the program word.

4.6.1 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 (TBLPAG)
register 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 MSb 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 (PSVPAG) register is used to define a
16K word page in the program space. When the MSb
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 4-42 and Figure 4-9 show how the program EA is
created for table operations and remapping accesses
from the data EA. 

TABLE 4-42: 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>.
DS70000652F-page 78  2011-2014 Microchip Technology Inc.



dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104
5.0 FLASH PROGRAM MEMORY

The dsPIC33FJ16(GP/MC)101/102 and
dsPIC33FJ32(GP/MC)101/102/104 devices contain
internal Flash program memory for storing and
executing application code. The memory is readable,
writable and erasable during normal operation over the
entire VDD range.

Flash memory can be programmed in two ways:

• In-Circuit Serial Programming™ (ICSP™) 
programming capability

• Run-Time Self-Programming (RTSP)

ICSP allows a device to be serially programmed while
in the end application circuit. This is done with two lines
for programming clock and programming data (one of
the alternate programming pin pairs: PGECx/PGEDx),
and three other lines for power (VDD), ground (VSS) and
Master Clear (MCLR). This allows users to manufac-
ture boards with unprogrammed devices and then
program the Digital Signal Controller just before
shipping the product. This also allows the most recent
firmware or a custom firmware to be programmed.

RTSP is accomplished using TBLRD (Table Read) and
TBLWT (Table Write) instructions. With RTSP, the user
application can write program memory data in a single
program memory word and erase program memory in
blocks or ‘pages’ of 512 instructions (1536 bytes).

5.1 Table Instructions and Flash 
Programming

Regardless of the method used, all programming of
Flash memory is done with the Table Read and Table
Write instructions. These allow direct read and write
access to the program memory space, from the data
memory, while the device is in normal operating mode.
The 24-bit target address in the program memory is
formed using bits<7:0> of the TBLPAG register and the
Effective Address (EA) from a W register specified in
the table instruction, as shown in Figure 5-1.

The TBLRDL and the TBLWTL instructions are used to
read or write to bits<15:0> of program memory.
TBLRDL and TBLWTL can access program memory in
both Word and Byte modes.

The TBLRDH and TBLWTH instructions are used to read
or write to bits<23:16> of program memory. TBLRDH
and TBLWTH can also access program memory in Word
or Byte mode.

FIGURE 5-1: ADDRESSING FOR TABLE REGISTERS 

Note 1: This data sheet summarizes the features
of the dsPIC33FJ16(GP/MC)101/102 and
dsPIC33FJ32(GP/MC)101/102/104 family
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to “Flash Programming”
(DS70191) 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.

0Program Counter

24 Bits

Program Counter

TBLPAG Reg

8 Bits

Working Reg EA

16 Bits

Byte
24-Bit EA

0

1/0

Select

Using
Table Instruction

Using

User/Configuration
Space Select
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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104
10.1.1 OPEN-DRAIN CONFIGURATION

In addition to the PORTx, LATx and TRISx 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.

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

10.2 Configuring Analog Port Pins

The AD1PCFGL and TRISx registers control the oper-
ation of the Analog-to-Digital port pins. The port pins
that are to function as analog inputs must have their
corresponding TRISx bit set (input). If the TRISx bit is
cleared (output), the digital output level (VOH or VOL)
will be 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 PORTx register is read, all pins configured as
analog input channels will read as cleared (a low level).

Pins configured as digital inputs will 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.

10.2.1 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 a NOP. A demonstration is shown in
Example 10-1.

10.3 Input Change Notification (ICN)

The Input Change Notification function of the I/O
ports allows the dsPIC33FJ16(GP/MC)101/102 and
dsPIC33FJ32(GP/MC)101/102/104 devices to gener-
ate interrupt requests to the processor in response to a
Change-of-State (COS) 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
module. 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 10-1: PORT WRITE/READ EXAMPLE

Note: Pull-ups on Input 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
 2011-2014 Microchip Technology Inc. DS70000652F-page 141



dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104
REGISTER 10-5: RPINR7: PERIPHERAL PIN SELECT INPUT REGISTER 7

U-0 U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — IC2R4 IC2R3 IC2R2 IC2R1 IC2R0

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

— — — IC1R4 IC1R3 IC1R2 IC1R1 IC1R0

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 IC2R<4:0>: Assign Input Capture 2 (IC2) to the Corresponding RPn Pin bits

11111 = Input tied to VSS

11110 = Reserved
.
.
.
11010 = Reserved 
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 IC1R<4:0>: Assign Input Capture 1 (IC1) to the Corresponding RPn Pin bits

11111 = Input tied to VSS

11110 = Reserved
.
.
.
11010 = Reserved 
11001 = Input tied to RP25
.
.
.
00001 = Input tied to RP1
00000 = Input tied to RP0
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REGISTER 10-8: RPINR18: PERIPHERAL PIN SELECT INPUT REGISTER 18

U-0 U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — U1CTSR4 U1CTSR3 U1CTSR2 U1CTSR1 U1CTSR0

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

— — — U1RXR4 U1RXR3 U1RXR2 U1RXR1 U1RXR0

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 U1CTSR<4:0>: Assign UART1 Clear-to-Send (U1CTS) to the Corresponding RPn Pin bits

11111 = Input tied to VSS

11110 = Reserved
.
.
.
11010 = Reserved 
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 U1RXR<4:0>: Assign UART1 Receive (U1RX) to the Corresponding RPn Pin bits

11111 = Input tied to VSS

11110 = Reserved
.
.
.
11010 = Reserved 
11001 = Input tied to RP25
.
.
.
00001 = Input tied to RP1
00000 = Input tied to RP0
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bit 4-2 SPRE<2:0>: Secondary Prescale bits (Master mode)(3)

111 = Secondary prescale 1:1
110 = Secondary prescale 2:1
.
.
.
000 = Secondary prescale 8:1

bit 1-0 PPRE<1:0>: Primary Prescale bits (Master mode)(3)

11 = Primary prescale 1:1
10 = Primary prescale 4:1
01 = Primary prescale 16:1
00 = Primary prescale 64:1

REGISTER 16-2: SPIXCON1: SPIx CONTROL REGISTER 1 (CONTINUED)

Note 1: The CKE bit is not used in the Framed SPI modes. Program this bit to ‘0’ for the Framed SPI modes 
(FRMEN = 1).

2: This bit must be cleared when FRMEN = 1.

3: Do not set both primary and secondary prescalers to a value of 1:1.
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FIGURE 20-2: COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM

FIGURE 20-3: USER-PROGRAMMABLE BLANKING FUNCTION BLOCK DIAGRAM
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bit 4 CREF: Comparator x Reference Select bit (VIN+ input)

1 = VIN+ input connects to internal CVREFIN voltage
0 = VIN+ input connects to CxINA pin

bit 3-2 Unimplemented: Read as ‘0’

bit 1-0 CCH<1:0>: Comparator x Channel Select bits

11 = VIN- input of comparator connects to INTREF
10 = VIN- input of comparator connects to CXIND pin
01 = VIN- input of comparator connects to CXINC pin
00 = VIN- input of comparator connects to CXINB pin

REGISTER 20-2: CMxCON: COMPARATOR x CONTROL REGISTER (CONTINUED)
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REGISTER 22-3: CTMUICON: CTMU CURRENT CONTROL 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

ITRIM5 ITRIM4 ITRIM3 ITRIM2 ITRIM1 ITRIM0 IRNG1 IRNG0

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 15-10 ITRIM<5:0>: Current Source Trim bits

011111 = Nominal current output specified by IRNG<1:0> + 62%
011110 = Nominal current output specified by IRNG<1:0> + 60%

•

•

•

000001 = Nominal current output specified by IRNG<1:0> + 2%
000000 = Nominal current output specified by IRNG<1:0>
111111 = Nominal current output specified by IRNG<1:0> – 2%

•

•

•

100010 = Nominal current output specified by IRNG<1:0> – 62%
100001 = Nominal current output specified by IRNG<1:0> – 64%

bit 9-8 IRNG<1:0>: Current Source Range Select bits

11 = 100  Base Current(1)

10 = 10  Base Current
01 = Base current level (0.55 A nominal)
00 = Reserved

bit 7-0 Unimplemented: Read as ‘0’

Note 1: This setting must be used for the CTMU temperature sensor.
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23.4 Watchdog Timer (WDT)

For dsPIC33FJ16(GP/MC)101/102 and
dsPIC33FJ32(GP/MC)101/102/104 devices, the WDT
is driven by the LPRC oscillator. When the WDT is
enabled, the clock source is also enabled.

23.4.1 PRESCALER/POSTSCALER

The nominal WDT clock source from LPRC is 32 kHz.
This feeds a prescaler than can be configured for either
5-bit (divide-by-32) or 7-bit (divide-by-128) operation.
The prescaler is set by the WDTPRE Configuration bit.
With a 32 kHz input, the prescaler yields a nominal
WDT Time-out (TWDT) period of 1 ms in 5-bit mode or
4 ms in 7-bit mode.

A variable postscaler divides down the WDT prescaler
output and allows for a wide range of time-out periods.
The postscaler is controlled by the WDTPOST<3:0>
Configuration bits (FWDT<3:0>), which allow the
selection of 16 settings, from 1:1 to 1:32,768. Using the
prescaler and postscaler, time-out periods, ranging
from 1 ms to 131 seconds, can be achieved.

The WDT, prescaler and postscaler are reset:

• On any device Reset

• On the completion of a clock switch, whether 
invoked by software (i.e., setting the OSWEN bit 
after changing the NOSCx bits) or by hardware 
(i.e., Fail-Safe Clock Monitor)

• When a PWRSAV instruction is executed 
(i.e., Sleep or Idle mode is entered)

• When the device exits Sleep or Idle mode to 
resume normal operation

• By a CLRWDT instruction during normal execution

23.4.2 SLEEP AND IDLE MODES

If the WDT is enabled, it will continue to run during Sleep
or Idle modes. When the WDT time-out occurs, the
device will wake the device and code execution will
continue from where the PWRSAV instruction was
executed. The corresponding SLEEP or IDLE bits
(RCON<3:2>) will need to be cleared in software after the
device wakes up. 

23.4.3 ENABLING WDT

The WDT is enabled or disabled by the FWDTEN
Configuration bit in the FWDT Configuration register.
When the FWDTEN Configuration bit is set, the WDT is
always enabled. 

The WDT can be optionally controlled in software when
the FWDTEN Configuration bit has been programmed to
‘0’. The WDT is enabled in software by setting the
SWDTEN control bit (RCON<5>). The SWDTEN control
bit is cleared on any device Reset. The software WDT
option allows the user application to enable the WDT for
critical code segments and disables the WDT during
non-critical segments for maximum power savings.

The WDT flag bit, WDTO (RCON<4>), is not automatically
cleared following a WDT time-out. To detect subsequent
WDT events, the flag must be cleared in software.

FIGURE 23-2: WDT BLOCK DIAGRAM

Note: The CLRWDT and PWRSAV instructions
clear the prescaler and postscaler counts
when executed.

Note: If the WINDIS bit (FWDT<6>) is cleared,
the CLRWDT instruction should be executed
by the application software only during the
last 1/4 of the WDT period. This CLRWDT
window can be determined by using a timer.
If a CLRWDT instruction is executed before
this window, a WDT Reset occurs. 
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25.6 MPLAB X SIM Software Simulator

The MPLAB X SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on I/O, most peripherals and internal registers. 

The MPLAB X SIM Software Simulator fully supports
symbolic debugging using the MPLAB XC Compilers,
and the MPASM and MPLAB Assemblers. The soft-
ware simulator offers the flexibility to develop and
debug code outside of the hardware laboratory envi-
ronment, making it an excellent, economical software
development tool. 

25.7 MPLAB REAL ICE In-Circuit 
Emulator System

The MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs all 8, 16 and 32-bit MCU, and DSC devices
with the easy-to-use, powerful graphical user interface of
the MPLAB X IDE.

The emulator is connected to the design engineer’s
PC using a high-speed USB 2.0 interface and is
connected to the target with either a connector
compatible with in-circuit debugger systems (RJ-11)
or with the new high-speed, noise tolerant, Low-
Voltage Differential Signal (LVDS) interconnection
(CAT5). 

The emulator is field upgradable through future firmware
downloads in MPLAB X IDE. MPLAB REAL ICE offers
significant advantages over competitive emulators
including full-speed emulation, run-time variable
watches, trace analysis, complex breakpoints, logic
probes, a ruggedized probe interface and long (up to
three meters) interconnection cables.

25.8 MPLAB ICD 3 In-Circuit Debugger 
System

The MPLAB ICD 3 In-Circuit Debugger System is
Microchip’s most cost-effective, high-speed hardware
debugger/programmer for Microchip Flash DSC and
MCU devices. It debugs and programs PIC Flash
microcontrollers and dsPIC DSCs with the powerful,
yet easy-to-use graphical user interface of the MPLAB
IDE.

The MPLAB ICD 3 In-Circuit Debugger probe is
connected to the design engineer’s PC using a high-
speed USB 2.0 interface and is connected to the target
with a connector compatible with the MPLAB ICD 2 or
MPLAB REAL ICE systems (RJ-11). MPLAB ICD 3
supports all MPLAB ICD 2 headers.

25.9 PICkit 3 In-Circuit Debugger/
Programmer

The MPLAB PICkit 3 allows debugging and program-
ming of PIC and dsPIC Flash microcontrollers at a most
affordable price point using the powerful graphical user
interface of the MPLAB IDE. The MPLAB PICkit 3 is
connected to the design engineer’s PC using a full-
speed USB interface and can be connected to the tar-
get via a Microchip debug (RJ-11) connector (compati-
ble with MPLAB ICD 3 and MPLAB REAL ICE). The
connector uses two device I/O pins and the Reset line
to implement in-circuit debugging and In-Circuit Serial
Programming™ (ICSP™).

25.10 MPLAB PM3 Device Programmer

The MPLAB PM3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage verification at VDDMIN and VDDMAX for
maximum reliability. It features a large LCD display
(128 x 64) for menus and error messages, and a mod-
ular, detachable socket assembly to support various
package types. The ICSP cable assembly is included
as a standard item. In Stand-Alone mode, the MPLAB
PM3 Device Programmer can read, verify and program
PIC devices without a PC connection. It can also set
code protection in this mode. The MPLAB PM3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized algorithms for quick programming of large
memory devices, and incorporates an MMC card for file
storage and data applications.
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IICL Input Low Injection Current

DI60a 0 -5(5,8) — mA All pins except VDD, VSS, 
AVDD, AVSS, MCLR, 
VCAP, SOSCI, SOSCO 
and RB14

IICH Input High Injection Current

DI60b 0 — +5(6,7,8) mA All pins except VDD, 
VSS, AVDD, AVSS, 
MCLR, VCAP, SOSCI, 
SOSCO, RB14 and 
digital 5V tolerant 
designated pins

IICT Total Input Injection Current
(sum of all I/O and control 
pins)

DI60c -20(9) — +20(9) mA Absolute instantaneous 
sum of all ± input 
injection currents from 
all I/O pins
( | IICL + | IICH | )   IICT

TABLE 26-10: DC CHARACTERISTICS: I/O PIN INPUT SPECIFICATIONS (CONTINUED)

DC CHARACTERISTICS

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

-40°C  TA  +125°C for Extended

Param
 No.

Symbol Characteristic Min Typ(1) Max Units Conditions

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

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

3: Negative current is defined as current sourced by the pin.

4: See the “Pin Diagrams” section for the 5V tolerant I/O pins.

5: VIL source < (VSS – 0.3). Characterized but not tested.

6: Non-5V tolerant pins, VIH source > (VDD + 0.3), 5V tolerant pins, VIH source > 5.5V. Characterized but not 
tested.

7: Digital 5V tolerant pins cannot tolerate any “positive” input injection current from input sources > 5.5V.

8: Injection currents > | 0 | can affect the ADC results by approximately 4-6 counts. 

9: Any number and/or combination of I/O pins, not excluded under IICL or IICH conditions, are permitted 
provided the mathematical “absolute instantaneous” sum of the input injection currents from all pins do not 
exceed the specified limit. Characterized but not tested.
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FIGURE 26-2: EXTERNAL CLOCK TIMING    

Q1  Q2  Q3 Q4

OSC1

CLKO

Q1 Q2 Q3       Q4

OS20

OS25
OS30 OS30

OS40OS41

OS31 OS31

TABLE 26-16: EXTERNAL CLOCK TIMING REQUIREMENTS 

AC CHARACTERISTICS

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

-40°C  TA  +125°C for Extended

Param
No.

Symb Characteristic Min Typ(1) Max Units Conditions

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

DC — 32 MHz EC

Oscillator Crystal Frequency 3.0
10
31

—
—
—

10
32
33

MHz
MHz
kHz

MS
HS
SOSC

OS20 TOSC TOSC = 1/FOSC 31.25 — DC ns

OS25 TCY Instruction Cycle Time(2,4) 62.5 — DC ns

OS30 TosL,
TosH

External Clock in (OSC1)(5)

High or Low Time
0.45 x TOSC — — ns EC

OS31 TosR,
TosF

External Clock in (OSC1)(5)

Rise or Fall Time
— — 20 ns EC

OS40 TckR CLKO Rise Time(3,5) — 6 10 ns

OS41 TckF CLKO Fall Time(3,5) — 6 10 ns

OS42 GM External Oscillator 
Transconductance(4)

14 16 18 mA/V VDD = 3.3V,
TA = +25°C

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

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

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

4: These parameters are characterized by similarity, but are tested in manufacturing at FIN = 32 MHz only.

5: These parameters are characterized by similarity, but are not tested in manufacturing.
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FIGURE 26-7: OUTPUT COMPARE x (OCx) TIMING CHARACTERISTICS      

     

FIGURE 26-8: OCx/PWMx MODULE TIMING CHARACTERISTICS    

     

OCx

OC11 OC10

(Output Compare

Note: Refer to Figure 26-1 for load conditions.

or PWM Mode)

TABLE 26-26: OUTPUT COMPARE x (OCx) 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 DO32

OC11 TccR OCx Output Rise Time — — — ns See Parameter DO31

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

OCFA

OCx Active Tri-State

OC20

OC15

TABLE 26-27: SIMPLE OCx/PWMx MODE 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

OC15 TFD Fault Input to PWMx I/O 
Change

— — TCY + 20 ns ns

OC20 TFLT Fault Input Pulse Width TCY + 20 ns — — ns

Note 1: These parameters are characterized by similarity, but are not tested in manufacturing.
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27.0 HIGH-TEMPERATURE ELECTRICAL CHARACTERISTICS

This section provides an overview of dsPIC33FJ16(GP/MC)101/102 and dsPIC33FJ32(GP/MC)101/102/104 family
electrical characteristics for devices operating in an ambient temperature range of -40°C to +150°C. 

The specifications between -40°C to +150°C are identical to those shown in Section 26.0 “Electrical Characteristics”
for operation between -40°C to +125°C, with the exception of the parameters listed in this section. 

Parameters in this section begin with an H, which denotes: High temperature. For example, Parameter DC10 in
Section 26.0 “Electrical Characteristics” is the Industrial and Extended temperature equivalent of HDC10.

Absolute maximum ratings for the dsPIC33FJ16(GP/MC)101/102 and dsPIC33FJ32(GP/MC)101/102/104 high-
temperature devices 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(3) ........................................................................................................ .-40°C to +150°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 (VDD + 0.3V)

Voltage on any 5V tolerant pin with respect to VSS when VDD  3.0V(4) ....................................................  -0.3V to 5.6V

Maximum current out of VSS pin ...........................................................................................................................300 mA

Maximum current into VDD pin(2)...........................................................................................................................250 mA

Maximum junction temperature............................................................................................................................. +155°C

Maximum current sourced/sunk by any 4x I/O pin ....................................................................................................4 mA

Maximum current sourced/sunk by any 8x I/O pin ....................................................................................................8 mA

Maximum current sunk by all ports combined ........................................................................................................80 mA

Maximum current sourced by all ports combined(2) ................................................................................................80 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 27-2).

3: AEC-Q100 reliability testing for devices intended to operate at +150°C is 1,000 hours. Any design in which
the total operating time from +125°C to +150°C will be greater than 1,000 hours is not warranted without
prior written approval from Microchip Technology Inc.

4: Refer to the “Pin Diagrams” section for 5V tolerant pins.
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