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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
Referenced Sources

This device data sheet is based on the following
individual chapters of the “dsPIC33/PIC24 Family Ref-
erence Manual”. These documents should be
considered as the primary reference for the operation
of a particular module or device feature.

• “CPU” (DS70204)

• “Data Memory” (DS70202)

• “Program Memory” (DS70203)

• “Flash Programming” (DS70191)

• “Reset” (DS70192)

• “Watchdog Timer and Power-Saving Modes” (DS70196)

• “Timers” (DS70205)

• “Input Capture” (DS70198)

• “Output Compare” (DS70209)

• “Motor Control PWM” (DS70187)

• “Analog-to-Digital Converter (ADC)” (DS70183)

• “UART” (DS70188)

• “Serial Peripheral Interface (SPI)” (DS70206)

• “Inter-Integrated Circuit™ (I2C™)” (DS70195)

• “CodeGuard Security” (DS70199)

• “Programming and Diagnostics” (DS70207)

• “Device Configuration” (DS70194)

• “I/O Ports with Peripheral Pin Select (PPS)” (DS70190)

• “Real-Time Clock and Calendar (RTCC)” (DS70301)

• “Introduction (Part VI)” (DS70655)

• “Oscillator (Part VI)” (DS70644)

• “Interrupts (Part VI)” (DS70633)

• “Comparator with Blanking” (DS70647)

• “Charge Time Measurement Unit (CTMU)” (DS70635)

Note 1: To access the documents listed below,
browse to the documentation section
of the dsPIC33FJ16MC102 product
page of the Microchip Web site
(www.microchip.com).

In addition to parameters, features and
other documentation, the resulting page
provides links to the related family
reference manual sections.
 2011-2014 Microchip Technology Inc. DS70000652F-page 25
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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104
3.0 CPU

The dsPIC33FJ16(GP/MC)101/102 and
dsPIC33FJ32(GP/MC)101/102/104 CPU module has a
16-bit (data) modified Harvard architecture with an
enhanced instruction set, including significant support
for DSP. The CPU has a 24-bit instruction word with a
variable length opcode field. The Program Counter
(PC) is 23 bits wide and addresses up to 4M x 24 bits
of user program memory space. The actual amount of
program memory implemented varies by device. A
single-cycle instruction prefetch mechanism is used to
help maintain throughput and provides predictable
execution. All instructions execute in a single cycle,
with the exception of instructions that change the
program flow, the double-word move (MOV.D)
instruction and the table instructions. Overhead-free
program loop constructs are supported using the DO
and REPEAT instructions, both of which are
interruptible at any point.

The dsPIC33FJ16(GP/MC)101/102 and
dsPIC33FJ32(GP/MC)101/102/104 devices have six-
teen, 16-bit Working registers in the programmer’s
model. Each of the Working registers can serve as a
data, address, or address offset register. The 16th
Working register (W15) operates as a Software Stack
Pointer (SSP) for interrupts and calls.

There are two classes of instruction in the
dsPIC33FJ16(GP/MC)101/102 and dsPIC33FJ32(GP/
MC)101/102/104 devices: MCU and DSP. These two
instruction classes are seamlessly integrated into a sin-
gle CPU. The instruction set includes many addressing
modes and is designed for optimum C compiler effi-
ciency. For most instructions, dsPIC33FJ16(GP/
MC)101/102 and dsPIC33FJ32(GP/MC)101/102/104
devices are capable of executing a data (or program
data) memory read, a Working register (data) read, a
data memory write and a program (instruction) memory
read per instruction cycle. As a result, three parameter
instructions can be supported, allowing A + B = C
operations to be executed in a single cycle.

A block diagram of the CPU is shown in Figure 3-1, and
the programmer’s model for the dsPIC33FJ16(GP/
MC)101/102 and dsPIC33FJ32(GP/MC)101/102/104
is shown in Figure 3-2.

3.1 Data Addressing Overview

The data space can be addressed as 32K words or
64 Kbytes and is split into two blocks, referred to as X
and Y data memory. Each memory block has its own
independent Address Generation Unit (AGU). The
MCU class of instructions operates solely through the
X memory AGU, which accesses the entire memory
map as one linear data space. Certain DSP instructions
operate through the X and Y AGUs to support dual
operand reads, which splits the data address space
into two parts. The X and Y data space boundary is
device-specific.

Overhead-free circular buffers (Modulo Addressing
mode) are supported in both X and Y address spaces.
The Modulo Addressing removes the software
boundary checking overhead for DSP algorithms.
Furthermore, the X AGU circular addressing can be
used with any of the MCU class of instructions. The X
AGU also supports Bit-Reversed Addressing to greatly
simplify input or output data reordering for radix-2 FFT
algorithms.

The upper 32 Kbytes of the data space memory map
can optionally be mapped into program space at any
16K program word boundary defined by the 8-bit
Program Space Visibility Page (PSVPAG) register. The
program-to-data-space mapping feature lets any
instruction access program space as if it were data
space. 

3.2 DSP Engine Overview

The DSP engine features a high-speed, 17-bit by 17-bit
multiplier, a 40-bit ALU, two 40-bit saturating accumula-
tors and a 40-bit bidirectional barrel shifter. The barrel
shifter is capable of shifting a 40-bit value up to 16 bits
right or left, in a single cycle. The DSP instructions oper-
ate seamlessly with all other instructions and have been
designed for optimal real-time performance. The MAC
instruction and other associated instructions can concur-
rently fetch two data operands from memory, while
multiplying two W registers and accumulating and option-
ally saturating the result in the same cycle. This instruc-
tion functionality requires that the RAM data space be
split for these instructions and linear for all others. Data
space partitioning is achieved in a transparent and
flexible manner through dedicating certain Working
registers to each address space.

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 “CPU” (DS70204) in the
“dsPIC33/PIC24 Family Reference Man-
ual”, 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.
 2011-2014 Microchip Technology Inc. DS70000652F-page 37



dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104
5.2 RTSP Operation

The dsPIC33FJ16(GP/MC)101/102 and
dsPIC33FJ32(GP/MC)101/102/104 Flash program
memory array is organized into rows of 64 instructions or
192 bytes. RTSP allows the user application to erase a
page of memory, which consists of eight rows
(512 instructions); and to program one word. Table 26-12
shows typical erase and programming times. The 8-row
erase pages are edge-aligned from the beginning of
program memory, on boundaries of 1536 bytes.

5.3 Programming Operations

A complete programming sequence is necessary for
programming or erasing the internal Flash in RTSP
mode. The processor stalls (waits) until the operation is
finished. 

The programming time depends on the FRC accuracy
(see Table 26-18) and the value of the FRC Oscillator
Tuning register (see Register 8-3). Use the following
formula to calculate the minimum and maximum values
for the Word write time and page erase time (see
Parameters D138a and D138b, and Parameters D137a
and D137b in Table 26-12, respectively).

EQUATION 5-1: PROGRAMMING TIME

For example, if the device is operating at +125°C, the
FRC accuracy will be ±2%. If the TUN<5:0> bits (see
Register 8-3) are set to ‘b000000, the minimum row
write time is equal to Equation 5-2.

EQUATION 5-2: MINIMUM ROW WRITE 
TIME

The maximum row write time is equal to Equation 5-3.

EQUATION 5-3: MAXIMUM ROW WRITE 
TIME

Setting the WR bit (NVMCON<15>) starts the opera-
tion and the WR bit is automatically cleared when the
operation is finished.

5.3.1 PROGRAMMING ALGORITHM FOR 
FLASH PROGRAM MEMORY

Programmers can program one word (24 bits) of
program Flash memory at a time. To do this, it is
necessary to erase the 8-row erase page that contains
the desired address of the location the user wants to
change.

For protection against accidental operations, the write
initiate sequence for NVMKEY must be used to allow
any erase or program operation to proceed. After the
programming command has been executed, the user
application must wait for the programming time until
programming is complete. The two instructions
following the start of the programming sequence
should be NOPs.

Refer to “Flash Programming” (DS70191) in the
“dsPIC33/PIC24 Family Reference Manual” for details
and codes examples on programming using RTSP.

5.4 Control Registers

Two SFRs are used to read and write the program
Flash memory: NVMCON and NVMKEY.

The NVMCON register (Register 5-1) controls which
blocks are to be erased, which memory type is to be
programmed and the start of the programming cycle.

NVMKEY is a write-only register that is used for write
protection. To start a programming or erase sequence,
the user application must consecutively write 0x55 and
0xAA to the NVMKEY register. Refer to Section 5.3
“Programming Operations” for further details.

T
7.37 MHz FRC Accuracy % FRC Tuning %
--------------------------------------------------------------------------------------------------------------------------

TRW
355 Cycles

7.37 MHz 1 0.02+  1 0.00375– 
---------------------------------------------------------------------------------------------- 47.4s==

TRW
355 Cycles

7.37 MHz 1 0.02–  1 0.00375– 
---------------------------------------------------------------------------------------------- 49.3s==

Note: Performing a page erase operation on the
last page of program memory will clear the
Flash Configuration Words, thereby
enabling code protection as a result.
Therefore, users should avoid performing
page erase operations on the last page of
program memory.
DS70000652F-page 84  2011-2014 Microchip Technology Inc.



dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104
     

REGISTER 7-5: IFS0: INTERRUPT FLAG STATUS REGISTER 0

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

— — AD1IF U1TXIF U1RXIF SPI1IF SPI1EIF T3IF

bit 15 bit 8

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

T2IF OC2IF IC2IF — T1IF OC1IF IC1IF INT0IF

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 AD1IF: ADC1 Conversion Complete Interrupt Flag Status bit

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

bit 12 U1TXIF: UART1 Transmitter Interrupt Flag Status bit

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

bit 11 U1RXIF: UART1 Receiver Interrupt Flag Status bit

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

bit 10 SPI1IF: SPI1 Event Interrupt Flag Status bit

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

bit 9 SPI1EIF: SPI1 Fault Interrupt Flag Status bit

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

bit 8 T3IF: Timer3 Interrupt Flag Status bit

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

bit 7 T2IF: Timer2 Interrupt Flag Status bit

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

bit 6 OC2IF: Output Compare Channel 2 Interrupt Flag Status bit

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

bit 5 IC2IF: Input Capture Channel 2 Interrupt Flag Status bit

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

bit 4 Unimplemented: Read as ‘0’

bit 3 T1IF: Timer1 Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
 2011-2014 Microchip Technology Inc. DS70000652F-page 103



dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104
     

     

REGISTER 7-12: IEC2: INTERRUPT ENABLE CONTROL REGISTER 2

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

— — — — — — — —

bit 15 bit 8

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

— — IC3IE — — — — —

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 15-6 Unimplemented: Read as ‘0’

bit 5 IC3IE: Input Capture Channel 3 Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 4-0 Unimplemented: Read as ‘0’

REGISTER 7-13: IEC3: INTERRUPT ENABLE CONTROL REGISTER 3

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

FLTA1IE(1) RTCIE — — — — PWM1IE(1) —

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 FLTA1IE: PWM1 Fault A Interrupt Enable bit(1)

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 14 RTCIE: RTCC Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 13-10 Unimplemented: Read as ‘0’

bit 9 PWM1IE: PWM1 Interrupt Enable bit(1)

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 8-0 Unimplemented: Read as ‘0’

Note 1: These bits are available in dsPIC(16/32)MC10X devices only.
DS70000652F-page 110  2011-2014 Microchip Technology Inc.



dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104
     

REGISTER 7-14: IEC4: INTERRUPT ENABLE CONTROL REGISTER 4

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

— — CTMUIE — — — — —

bit 15 bit 8

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

— — — — — — U1EIE FLTB1IE(1)

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-14 Unimplemented: Read as ‘0’

bit 13 CTMUIE: CTMU Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 12-2 Unimplemented: Read as ‘0’

bit 1 U1EIE: UART1 Error Interrupt Enable bit

1 = Interrupt request is enabled
0 = Interrupt request is not enabled

bit 0 FLTB1IE: PWM1 Fault B Interrupt Enable bit(1)

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

Note 1: This bit is available in dsPIC(16/32)MC102/104 devices only.
 2011-2014 Microchip Technology Inc. DS70000652F-page 111



dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104
    

REGISTER 7-27: IPC19: INTERRUPT PRIORITY CONTROL REGISTER 19

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

— — — — — — — —

bit 15 bit 8

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

— CTMUIP2 CTMUIP1 CTMUIP0 — — — —

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 15-7 Unimplemented: Read as ‘0’

bit 6-4 CTMUIP<2:0>: CTMU Interrupt Priority bits

111 = Interrupt is Priority 7 (highest priority interrupt)

•

•

•

001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 3-0 Unimplemented: Read as ‘0’
DS70000652F-page 122  2011-2014 Microchip Technology Inc.



dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104
REGISTER 10-21: RPOR10: PERIPHERAL PIN SELECT OUTPUT REGISTER 10

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

— — — RP21R<4:0>(1)

bit 15 bit 8

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

— — — RP20R<4:0>(1)

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-13 Unimplemented: Read as ‘0’ 

bit 12-8 RP21R<4:0>: Peripheral Output Function is Assigned to RP21 Output Pin bits(1)

(see Table 10-2 for peripheral function numbers)

bit 7-5 Unimplemented: Read as ‘0’ 

bit 4-0 RP20R<4:0>: Peripheral Output Function is Assigned to RP20 Output Pin bits(1)

(see Table 10-2 for peripheral function numbers)

Note 1: These bits are available in dsPIC33FJ32(GP/MC)104 devices only.

REGISTER 10-22: RPOR11: PERIPHERAL PIN SELECT OUTPUT REGISTER 11

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

— — — RP23R<4:0>(1)

bit 15 bit 8

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

— — — RP22R<4:0>(1)

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-13 Unimplemented: Read as ‘0’ 

bit 12-8 RP23R<4:0>: Peripheral Output Function is Assigned to RP23 Output Pin bits(1)

(see Table 10-2 for peripheral function numbers)

bit 7-5 Unimplemented: Read as ‘0’ 

bit 4-0 RP22R<4:0>: Peripheral Output Function is Assigned to RP22 Output Pin bits(1)

(see Table 10-2 for peripheral function numbers)

Note 1: These bits are available in dsPIC33FJ32(GP/MC)104 devices only.
DS70000652F-page 162  2011-2014 Microchip Technology Inc.



dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104
\

REGISTER 10-23: RPOR12: PERIPHERAL PIN SELECT OUTPUT REGISTER 12

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

— — — RP25R<4:0>(1)

bit 15 bit 8

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

— — — RP24R<4:0>(1)

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-13 Unimplemented: Read as ‘0’ 

bit 12-8 RP25R<4:0>: Peripheral Output Function is Assigned to RP25 Output Pin bits(1)

(see Table 10-2 for peripheral function numbers)

bit 7-5 Unimplemented: Read as ‘0’ 

bit 4-0 RP24R<4:0>: Peripheral Output Function is Assigned to RP24 Output Pin bits(1)

(see Table 10-2 for peripheral function numbers)

Note 1: These bits are available in dsPIC33FJ32(GP/MC)104 devices only.
 2011-2014 Microchip Technology Inc. DS70000652F-page 163



dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104
11.0 TIMER1

The Timer1 module is a 16-bit timer, which can serve
as the time counter for the Real-Time Clock (RTC) or
operate as a free-running interval timer/counter. Timer1
can operate in three modes:

• 16-Bit Timer

• 16-Bit Synchronous Counter

• 16-Bit Asynchronous Counter

Timer1 also supports these features:

• Timer gate operation

• Selectable prescaler settings

• Timer operation during CPU Idle and Sleep modes

• Interrupt on 16-bit Period register match or falling 
edge of external gate signal

Figure 11-1 presents a block diagram of the 16-bit timer
module.

To configure Timer1 for operation:

1. Load the timer value into the TMR1 register.

2. Load the timer period value into the PR1
register.

3. Select the timer prescaler ratio using the
TCKPS<1:0> bits in the T1CON register.

4. Set the Clock and Gating modes using the TCS
and TGATE bits in the T1CON register.

5. Set or clear the TSYNC bit in T1CON to select
synchronous or asynchronous operation.

6. If interrupts are required, set the Timer1 Inter-
rupt Enable bit, T1IE. Use the Timer1 Interrupt
Priority bits, T1IP<2:0>, to set the interrupt
priority.

7. Set the TON bit (= 1) in the T1CON register.

FIGURE 11-1: 16-BIT TIMER1 MODULE BLOCK DIAGRAM 

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 com-
plement the information in this data sheet,
refer to “Timers” (DS70205) in the
“dsPIC33/PIC24 Family Reference Man-
ual”, 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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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104
NOTES:
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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104
FIGURE 19-4: ADC1 CONVERSION CLOCK PERIOD BLOCK DIAGRAM

19.3 ADC Helpful Tips

1. The SMPI<3:0> (AD1CON2<5:2>) control bits:

a) Determine when the ADC interrupt flag is
set and an interrupt is generated if enabled.

b) When the CSCNA bit (AD1CON2<10>) is
set to ‘1’, determine when the ADC analog
scan channel list, defined in the AD1CSSL
register, starts over from the beginning.

2. The ADC has 16 result buffers. ADC conversion
results are stored sequentially in ADC1BUF0-
ADC1BUFF, regardless of which analog inputs
are being used, subject to the SMPI<3:0> bits
(AD1CON2<5:2>). There is no relationship
between the ANx input being measured and
which ADC buffer (ADC1BUF0-ADC1BUFF)
that the conversion results will be placed in. 

3. The DONE bit (AD1CON1<0>) is only cleared at
the start of each conversion and is set at the
completion of the conversion, but remains set
indefinitely, even through the next sample phase
until the next conversion begins. If application
code is monitoring the DONE bit in any kind of
software loop, the user must consider this
behavior because the CPU code execution is
faster than the ADC. As a result, in Manual
Sample mode, particularly where the user’s
code is setting the SAMP bit (AD1CON1<1>),
the DONE bit should also be cleared by the user
application just before setting the SAMP bit.   

19.4 ADC Resources

Many useful resources are provided on the main prod-
uct 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.

19.4.1 KEY RESOURCES

• “Analog-to-Digital Converter (ADC)” 
(DS70183) in the “dsPIC33/PIC24 Family 
Reference Manual”

• Code Samples

• Application Notes

• Software Libraries

• Webinars

• All related “dsPIC33/PIC24 Family Reference 
Manual” sections

• Development Tools

1

0

ADC1 Internal
RC Clock(1)

TOSC(1)
X2

ADC1 Conversion
Clock Multiplier

1, 2, 3, 4, 5,..., 64

AD1CON3<15>

TCY

TAD

6

AD1CON3<5:0>

Note 1: See the ADC specifications in Section 26.0 “Electrical Characteristics” for the exact RC clock value.

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=en554109
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bit 7-0 CAL<7:0>: RTC Drift Calibration bits

01111111 = Maximum positive adjustment; adds 508 RTC clock pulses every one minute

•

•

•

00000001 = Minimum positive adjustment; adds 4 RTC clock pulses every one minute
00000000 = No adjustment
11111111 = Minimum negative adjustment; subtracts 4 RTC clock pulses every one minute

•

•

•

10000000 = Maximum negative adjustment; subtracts 512 RTC clock pulses every one minute

REGISTER 21-1: RCFGCAL: RTCC CALIBRATION AND CONFIGURATION REGISTER(1) (CONTINUED)

Note 1: The RCFGCAL register is only affected by a POR.

2: A write to the RTCEN bit is only allowed when RTCWREN = 1.

3: This bit is read-only; it is cleared to ‘0’ on a write to the lower half of the MINSEC register.
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REGISTER 21-3: ALCFGRPT: ALARM CONFIGURATION 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

ALRMEN CHIME AMASK3 AMASK2 AMASK1 AMASK0 ALRMPTR1 ALRMPTR0

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

ARPT7 ARPT6 ARPT5 ARPT4 ARPT3 ARPT2 ARPT1 ARPT0

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 ALRMEN: Alarm Enable bit

1 = Alarm is enabled (cleared automatically after an alarm event whenever ARPT<7:0> = 0x00 and
CHIME = 0)

0 = Alarm is disabled

bit 14 CHIME: Chime Enable bit

1 = Chime is enabled; ARPT<7:0> bits are allowed to roll over from 0x00 to 0xFF
0 = Chime is disabled; ARPT<7:0> bits stop once they reach 0x00

bit 13-10 AMASK<3:0>: Alarm Mask Configuration bits

0000 = Every half second
0001 = Every second
0010 = Every 10 seconds
0011 = Every minute
0100 = Every 10 minutes
0101 = Every hour
0110 = Once a day
0111 = Once a week
1000 = Once a month
1001 = Once a year (except when configured for February 29th, once every 4 years)
101x = Reserved – do not use
11xx = Reserved – do not use

bit 9-8 ALRMPTR<1:0>: Alarm Value Register Window Pointer bits

Points to the corresponding Alarm Value registers when reading ALRMVALH and ALRMVALL registers;
the ALRMPTR<1:0> value decrements on every read or write of ALRMVALH until it reaches ‘00’.

ALRMVAL<15:8>:
00 = ALRMMIN
01 = ALRMWD
10 = ALRMMNTH
11 = Unimplemented

ALRMVAL<7:0>:
00 = ALRMSEC
01 = ALRMHR
10 = ALRMDAY
11 = Unimplemented

bit 7-0 ARPT<7:0>: Alarm Repeat Counter Value bits

11111111 = Alarm will repeat 255 more times

•
•
•
00000000 = Alarm will not repeat
The counter decrements on any alarm event. The counter is prevented from rolling over from 0x00 to
0xFF unless CHIME = 1.
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it 2 Bit 1 Bit 0

GCP GWRP

SC2 FNOSC1 FNOSC0

OFNC POSCMD1 POSCMD0

OST2 WDTPOST1 WDTPOST0

— —

ICS1 ICS0

Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

OL1WAY LPOL(2) ALTI2C1 POSCMD1 POSCMD0

DTPRE WDTPOST3 WDTPOST2 WDTPOST1 WDTPOST0

Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

L1WAY LPOL(2) ALTI2C1 POSCMD1 POSCMD0

DTPRE WDTPOST3 WDTPOST2 WDTPOST1 WDTPOST0
The Configuration Shadow register map is shown in Table 23-1.

The Configuration Flash Word maps are shown in Table 23-2 and Table 23-3.

TABLE 23-2: CONFIGURATION FLASH WORDS FOR dsPIC33FJ16(GP/MC)10X DEVICES(1)  

TABLE 23-3: CONFIGURATION FLASH WORDS FOR dsPIC33FJ32(GP/MC)10X DEVICES(1)  

TABLE 23-1: CONFIGURATION SHADOW REGISTER MAP

File Name Addr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 B

FGS F80004 — — — — — —

FOSCSEL F80006 IESO PWMLOCK(1) — WDTWIN1 WDTWIN0 FNO

FOSC F80008 FCKSM1 FCKSM0 IOL1WAY — — OSCI

FWDT F8000A FWDTEN WINDIS PLLKEN WDTPRE WDTPOST3 WDTP

FPOR F8000C PWMPIN(1) HPOL(1) LPOL(1) ALTI2C1 — —

FICD F8000E Reserved(2) — Reserved(3) Reserved(3) — —

Legend: — = unimplemented, read as ‘1’.
Note 1: These bits are available in dsPIC33FJ(16/32)MC10X devices only.

2: This bit is reserved for use by development tools.
3: These bits are reserved, program as ‘0’.

File 
Name

Addr. Bits 23-16 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5

CONFIG2 002BFC — IESO PWMLOCK(2) PWMPIN(2) WDTWIN1 WDTWIN0 FNOSC2 FNOSC1 FNOSC0 FCKSM1 FCKSM0 OSCIOFNC(5) I

CONFIG1 002BFE — Reserved(3) Reserved(3) GCP GWRP Reserved(4) HPOL(2) ICS1 ICS0 FWDTEN WINDIS PLLKEN W

Legend: — = unimplemented, read as ‘1’.
Note 1: During a Power-on Reset (POR), the contents of these Flash locations are transferred to the Configuration Shadow registers.

2: These bits are reserved in dsPIC33FJ16GP10X devices and read as ‘1’.
3: These bits are reserved, program as ‘0’.
4: This bit is reserved for use by development tools and must be programmed as ‘1’.
5: This bit is programmed to ‘0’ during final tests in the factory.

File 
Name

Addr. Bits 23-16 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5

CONFIG2 0057FC — IESO PWMLOCK(2) PWMPIN(2) WDTWIN1 WDTWIN0 FNOSC2 FNOSC1 FNOSC0 FCKSM1 FCKSM0 OSCIOFNC(5) IO

CONFIG1 0057FE — Reserved(3) Reserved(3) GCP GWRP Reserved(4) HPOL(2) ICS1 ICS0 FWDTEN WINDIS PLLKEN W

Legend: — = unimplemented, read as ‘1’.
Note 1: During a Power-on Reset (POR), the contents of these Flash locations are transferred to the Configuration Shadow registers.

2: These bits are reserved in dsPIC33FJ32GP10X devices and read as ‘1’.
3: These bits are reserved, program as ‘0’.
4: This bit is reserved for use by development tools and must be programmed as ‘1’.
5: This bit is programmed to ‘0’ during final tests in the factory.
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TABLE 26-35: SPIx SLAVE MODE (FULL-DUPLEX, CKE = 0, CKP = 1, SMP = 0) TIMING 
REQUIREMENTS FOR dsPIC33FJ16(GP/MC)10X

AC CHARACTERISTICS

Standard Operating Conditions: 2.4V 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

SP70 TscP Maximum SCKx Input Frequency — — 15 MHz See Note 3

SP72 TscF SCKx Input Fall Time — — — ns See Parameter DO32 
and Note 4

SP73 TscR SCKx Input 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 TdoV2scH, 
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

SP50 TssL2scH, 
TssL2scL

SSx  to SCKx  or SCKx Input 120 — — ns

SP51 TssH2doZ SSx  to SDOx Output
High-Impedance

10 — 50 ns See Note 4

SP52 TscH2ssH
TscL2ssH

SSx after SCKx Edge 1.5 TCY + 40 — — ns See Note 4

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 66.7 ns. Therefore, the SCKx clock generated by the Master must 
not violate this specification.

4: Assumes 50 pF load on all SPIx pins.
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TABLE 26-44: SPIx SLAVE MODE (FULL-DUPLEX, CKE = 0, CKP = 0, SMP = 0) TIMING 
REQUIREMENTS FOR dsPIC33FJ32(GP/MC)10X

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

SP70 TscP Maximum SCKx Input Frequency — — 11 MHz See Note 3

SP72 TscF SCKx Input Fall Time — — — ns See Parameter DO32 
and Note 4

SP73 TscR SCKx Input 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 TdoV2scH, 
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

SP50 TssL2scH, 
TssL2scL

SSx  to SCKx  or SCKx Input 120 — — ns

SP51 TssH2doZ SSx  to SDOx Output
High-Impedance

10 — 50 ns See Note 4

SP52 TscH2ssH
TscL2ssH

SSx after SCKx Edge 1.5 TCY + 40 — — ns See Note 4

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 91 ns. Therefore, the SCKx clock generated by the Master must not 
violate this specification.

4: Assumes 50 pF load on all SPIx pins.
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FIGURE 26-31: ADC CONVERSION TIMING CHARACTERISTICS
(CHPS<1:0> = 01, SIMSAM = 0, ASAM = 0, SSRC<2:0> = 000)    

FIGURE 26-32: ADC CONVERSION TIMING CHARACTERISTICS (CHPS<1:0> = 01, SIMSAM = 0, 
ASAM = 1, SSRC<2:0> = 111, SAMC<4:0> = 00001)   

TSAMP

Set SAMP

AD61

ADCLK

Instruction

SAMP

AD60

DONE

ADxIF

1 2 3 4 5 6 8 5 6 7

1 – Software sets ADxCON. SAMP to start sampling.

2 – Sampling starts after discharge period. TSAMP is described in “Analog-to-Digital Converter (ADC)”

3 – Software clears ADxCON. SAMP to start conversion.

4 – Sampling ends, conversion sequence starts.

5 – Convert bit 9.

8 – One TAD for end of conversion.

AD50

7 8

6 – Convert bit 8.

7 – Convert bit 0.

 Execution

 (DS70183) in the “dsPIC33/PIC24 Family Reference Manual”. 

Clear SAMP

AD55 AD55

– Convert bit 9.

1 2 3 4 5 6 4 5 6 8

1 – Software sets ADxCON. ADON to start AD operation.

2 – Sampling starts after discharge period. TSAMP is described in

3 – Convert bit 9.

4 – Convert bit 8.

5 – Convert bit 0.

7 3

6 – One TAD for end of conversion.

7 – Begin conversion of next channel.

8 – Sample for time specified by SAMC<4:0>.

ADCLK

Instruction
Set ADONExecution

SAMP

TSAMP

ADxIF

DONE

AD55 AD55 TSAMP AD55

AD50

“Analog-to-Digital Converter (ADC)” (DS70183)
in the “dsPIC33/PIC24 Family Reference Manual”.
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