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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"

Obsolete
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FLASH
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3V ~ 3.6V
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Through Hole
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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104

Pin Diagrams (Continued)

28-Pin QFN®@

PGED1/AN2/C2INA/C1INC/RPOM/CN4/RBO
PGEC1/AN3/CVREFIN/CVREFOUT/C2INB/C1IND/RP1/CN5/RB1
AN4/C3INC/C2INC/RP2D/CN6/RB2
ANS5/C3IND/C2IND/RP3/CN7/RB3

Vss

OSCI/CLKI/CN30/RA2

OSCO/CLKO/CN29/RA3

to Vss externally.

for more information on the PWM Faults.

PWM1L1/RP15W/CN11/RB15

N [] PGEC2/AN1/C3INA/CLINB/CTED2/CN3/RAL
N[ PGED2/ANO/C3INB/CLINA/CTED1/CN2/RAO

NB MCLR
% [ Avbp
N[ Avss

11 @
2
13

s
i3
07

PGED3/SOSCI/RP4YV/CN1/RB4
PGEC3/SOSCO/T1CK/CNO/RA4

9 10 11

VDD
()asDAL/RP5W/CN27/RB5

FLTB1

12

(®)jascL1/RP6W/CN24/RB6
SCK1/INTO/RP7M)/CN23/RB7
SCL1/SDO1/RP8MWICN22/RBS

FLTA1

23

13

[l = Pins are up to 5V tolerant

PWM1H1/RTCC/RP14(M/CN12/RB14

22

N4 dsPIC33FJ16MC102

14

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

3:  The PWM Fault pins are enabled and asserted during any Reset event. Refer to Section 15.2 “PWM Faults”

PWM1L2/RP13)/CN13/RB13
PWM1H2/RP12M/CN14/RB12
PWM1L3/RP11M/CN15/RB11
PWM1H3/RP101/CN16/RB10
VcarP

Vss
SDA1/SDIT/RPIM/CN21/RB9
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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104

411 PROGRAM MEMORY

ORGANIZATION

The program memory space is organized in word-
addressable blocks. Although it is treated as 24 bits
wide, it is more appropriate to think of each address of
the program memory as a lower and upper word, with
the upper byte of the upper word being unimplemented.
The lower word always has an even address, while the
upper word has an odd address (Figure 4-3).

Program memory addresses are always word-aligned
on the lower word and addresses are incremented or
decremented by two during code execution. This
arrangement provides compatibility with data memory
space addressing and makes data in the program
memory space accessible.

4.1.2 INTERRUPT AND TRAP VECTORS

All  of the dsPIC33FJ16(GP/MC)101/102 and
dsPIC33FJ32(GP/MC)101/102/104 devices reserve
the addresses between 0x00000 and 0x000200 for
hard-coded program execution vectors. A hardware
Reset vector is provided to redirect code execution
from the default value of the PC on device Reset to the
actual start of code. A GOTOinstruction is programmed
by the user application at 0x000000, with the actual
address for the start of code at 0x000002.

dsPIC33FJ16(GP/MC)101/102 and dsPIC33FJ32(GP/
MC)101/102/104 devices also have two Interrupt Vec-
tor Tables (IVTs), located from 0x000004 to OXOO00FF
and 0x000100 to Ox0001FF. These vector tables allow
each of the device interrupt sources to be handled by
separate Interrupt Service Routines (ISRs). A more
detailed discussion of the Interrupt Vector Tables is
provided in Section 7.1 “Interrupt Vector Table”.

FIGURE 4-3: PROGRAM MEMORY ORGANIZATION
msw most significant word (msw) least significant word (Isw) PC Address

Address - A ~ A ~ (Isw Address)
23 16 8 0

0x000001 00000000 0x000000

0x000003 00000000 0x000002

0x000005 00000000 0x000004

0x000007 00000000 0x000006
yj

v

Program Memory
‘Phantom’ Byte
(read as ‘0")

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

FIGURE 4-5: DATA MEMORY MAP FOR dsPIC33FJ32(GP/MC)101/102/104 DEVICES WITH
2-KBYTE RAM
MSB LSB
Address 16 Bits Address
-
MShb LSb
— 0x0001 ' 0x0000 ]
2 Kbyte SFR Space
SFR Space | OXO7FF | Ox07FE
— 0x0801 | 0x0800
X Data RAM (X) 8 Kbyte
2 Kbyte OXOBFF I OXOBFE Near Data
0x0Co01 I 0x0C00
SRAM Space Y Data RAM (Y) Space
L OXOFFF | OXOFFE
0x1001 I 0x1000
I
OXd1FFF | — — — — — OXlFFE/
0x2001 | 0x2000
I
I
I
I
I
oxsoo1 | _ _ _ ] 0x8000
I
I
I
|
X Data
) Unimplemented (X)
Optionally |
Mapped |
into Program
Memory |
I
I
I
OXFFFF ! OXFFFE
|

DS70000652F-page 54

© 2011-2014 Microchip Technology Inc.




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

TABLE 4-40: FUNDAMENTAL ADDRESSING MODES SUPPORTED

Addressing Mode

Description

File Register Direct

The address of the file register is specified explicitly.

Register Direct

The contents of a register are accessed directly.

Register Indirect

The contents of Wn forms the Effective Address (EA).

Register Indirect Post-Modified

The contents of Wn forms the EA. Wn is post-modified (incremented or
decremented) by a constant value.

Register Indirect Pre-Modified
to form the EA.

Whn is pre-modified (incremented or decremented) by a signed constant value

(Register Indexed)

Register Indirect with Register Offset | The sum of Wn and Wb forms the EA.

Register Indirect with Literal Offset The sum of Wn and a literal forms the EA.

4.3.3 MOVE AND ACCUMULATOR
INSTRUCTIONS

Move instructions and the DSP accumulator class of
instructions provide a greater degree of addressing
flexibility than other instructions. In addition to the
addressing modes supported by most MCU
instructions, move and accumulator instructions also
support Register Indirect with Register Offset
Addressing mode, also referred to as Register Indexed
mode.

Note: For the MOV instructions, the addressing
mode specified in the instruction can differ
for the source and destination EA. How-
ever, the 4-bit Wb (Register Offset) field is
shared by both source and destination

4.3.4 MAC INSTRUCTIONS

The dual source operand DSP instructions (CLR, ED,
EDAC, MAC, MPY, MPY.N, MOVSAC and MsC), also
referred to as MAC instructions, use a simplified set of
addressing modes to allow the user application to
effectively manipulate the Data Pointers through
register indirect tables.

The two-source operand prefetch registers must be
members of the set {W8, W9, W10, W11}. For data
reads, W8 and W9 are always directed to the X RAGU,
and W10 and W11 are always directed to the Y AGU.
The Effective Addresses generated (before and after
modification) must, therefore, be valid addresses within
X data space for W8 and W9 and Y data space for W10
and W11.

(but typically only used by one).

In summary, the following addressing modes are
supported by move and accumulator instructions:

* Register Direct

* Register Indirect

* Register Indirect Post-modified

« Register Indirect Pre-modified

« Register Indirect with Register Offset (Indexed)

« Register Indirect with Literal Offset

« 8-Bit Literal

« 16-Bit Literal

Note: Register Indirect with Register Offset
Addressing mode is available only for W9
(in X space) and W11 (in Y space).

Note: Not all instructions support all the
addressing modes given above. Individual
instructions may support different subsets
of these addressing modes.

In summary, the following addressing modes are
supported by the MAC class of instructions:

* Register Indirect

* Register Indirect Post-Modified by 2

» Register Indirect Post-Modified by 4

» Register Indirect Post-Modified by 6

« Register Indirect with Register Offset (Indexed)

4.3.5 OTHER INSTRUCTIONS

In addition to the addressing modes outlined previously,
some instructions use literal constants of various sizes.
For example, BRA (branch) instructions use 16-hit signed
literals to specify the branch destination directly, whereas
the DI Sl instruction uses a 14-bit unsigned literal field. In
some instructions, such as ADD Acc, the source of an
operand or result is implied by the opcode itself. Certain
operations, such as NOP, do not have any operands.

DS70000652F-page 74
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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104

4.4 Modulo Addressing

Modulo Addressing mode is a method of providing an
automated means to support circular data buffers using
hardware. The objective is to remove the need for
software to perform data address boundary checks
when executing tightly looped code, as is typical in
many DSP algorithms.

Modulo Addressing can operate in either data or program
space (since the Data Pointer mechanism is essentially
the same for both). One circular buffer can be supported
in each of the X (which also provides the pointers into
program space) and Y data spaces. Modulo Addressing
can operate on any W Register Pointer. However, it is not
advisable to use W14 or W15 for Modulo Addressing
since these two registers are used as the Stack Frame
Pointer and Stack Pointer, respectively.

In general, any particular circular buffer can be config-
ured to operate in only one direction as there are
certain restrictions on the buffer start address (for incre-
menting buffers), or end address (for decrementing
buffers), based upon the direction of the circular buffer.

The only exception to the usage restrictions is for
buffers that have a power-of-two length. As these
buffers satisfy the start and end address criteria, they
can operate in a bidirectional mode (that is, address
boundary checks are performed on both the lower and
upper address boundaries).

441 START AND END ADDRESS

The Modulo Addressing scheme requires that a
starting and ending address be specified, and loaded
into the 16-bit Modulo Buffer Address registers:
XMODSRT, XMODEND, YMODSRT and YMODEND
(see Table 4-1).

Note: Y space Modulo Addressing EA calcula-
tions assume word-sized data (LSb of
every EA is always clear).

The length of a circular buffer is not directly specified. It
is determined by the difference between the correspond-
ing start and end addresses. The maximum possible
length of the circular buffer is 32K words (64 Kbytes).

442 W ADDRESS REGISTER
SELECTION

« The Modulo and Bit-Reversed Addressing Control
register, MODCON<15:0>, contains enable flags as
well as a W register field to specify the W Address
registers. The XWM and YWM fields select which
registers will operate with Modulo Addressing.

o If XWM =15, X RAGU and X WAGU Modulo
Addressing is disabled.

e If YWM =15, Y AGU Modulo Addressing is disabled.

The X Address Space Pointer W register (XWM), to
which Modulo Addressing is to be applied, is stored in
MODCON<3:0> (see Table 4-1). Modulo Addressing is
enabled for X data space when XWM is set to any value
other than ‘15’ and the XMODEN bit is set at
MODCON<15>.

The Y Address Space Pointer W register (YWM) to
which Modulo Addressing is to be applied is stored in
MODCONK<7:4>. Modulo Addressing is enabled for Y
data space when YWM is set to any value other than
‘15" and the YMODEN bit is set at MODCON<14>.

\j MoV
0x1163 DO

AGAI N:

Start Addr = 0x1100
End Addr = 0x1163
Length = 0x0032 Words

MoV #0x8001, W
MoV W, MODCON

MOV #0x0000, WO
#0x1110, WL
AGAI N, #0x31 ;fill the 50 buffer |ocations

[ WL++] ;fill the next location
INC W, W

MoV W,

FIGURE 4-7: MODULO ADDRESSING OPERATION EXAMPLE
Byte MOV #0x1100, WO
Address MoV W0, XMODSRT ;set modul o start address
MoV #0x1163, W
0x1100 MoV W0, MODEND ;set nmodul o end address

;enable W, X AGU for nodul o
;WO holds buffer fill value

;point WL to buffer

;increment the fill value

© 2011-2014 Microchip Technology Inc.

DS70000652F-page 75



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

46.2 DATA ACCESS FROM PROGRAM
MEMORY USING TABLE
INSTRUCTIONS

The TBLRDL and TBLWIL instructions offer a direct
method of reading or writing the lower word of any
address within the program space without going
through data space. The TBLRDH and TBLWIH
instructions are the only method to read or write the
upper 8 bits of a program space word as data.

The PC is incremented by two for each successive
24-bit program word. This allows program memory
addresses to directly map to data space addresses. Pro-
gram memory can thus be regarded as two 16-bit-wide
word address spaces, residing side by side, each with
the same address range. TBLRDL and TBLWIL access
the space that contains the least significant data word.
TBLRDHand TBLWIHaccess the space that contains the
upper data byte.

Two table instructions are provided to move byte or
word-sized (16-bit) data to and from program space.
Both function as either byte or word operations.

e TBLRDL (Table Read Low):

- In Word mode, this instruction maps the
lower word of the program space location
(P<15:0>) to a data address (D<15:0>).

- In Byte mode, either the upper or lower byte
of the lower program word is mapped to the
lower byte of a data address. The upper byte
is selected when Byte Select is ‘1’; the lower
byte is selected when itis ‘0.

* TBLRDH (Table Read High):

- In Word mode, this instruction maps the entire
upper word of a program address (P<23:16>)
to a data address. Note that D<15:8>, the
‘phantom byte’, will always be ‘0.

- In Byte mode, this instruction maps the upper
or lower byte of the program word to D<7:0>
of the data address, in the TBLRDL instruc-
tion. The data is always ‘0’ when the upper
‘phantom’ byte is selected (Byte Select = 1).

In a similar fashion, two table instructions, TBLWI'H
and TBLWIL, are used to write individual bytes or
words to a program space address. The details of
their operation are explained in Section 5.0 “Flash
Program Memory”.

For all table operations, the area of program memory
space to be accessed is determined by the Table Page
register (TBLPAG). TBLPAG covers the entire program
memory space of the device, including user and
configuration spaces. When TBLPAG<7> = 0, the table
page is located in the user memory space. When
TBLPAG<7> = 1, the page is located in configuration
space.

FIGURE 4-10: ACCESSING PROGRAM MEMORY WITH TABLE INSTRUCTIONS
TBLPAG Program Space
02
23 5 0 0x000000 ~ 23 16 8 0
00000000 OO\
00000000
0x020000
> } — J | 00000000
0x030000 00000000 A
‘Phantom’ Byte
—

TBLRDH. B (Wn<0> = 0)
TBLRDL. B (Wn<0> = 1)
TBLRDL. B (Wn<0> = 0)
TBLRDL. W

The address for the table operation is determined by the data EA
within the page defined by the TBLPAG register.

Only read operations are shown; write operations are also valid in
the user memory area.

- — — = = — — — = - — - - — — -4+ — 4 — — |-

0x800000
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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104

REGISTER 7-4: INTCON2: INTERRUPT CONTROL REGISTER 2

R/W-0 R-0 u-0 U-0 U-0 u-0 U-0 U-0
ALTIVT DISI — — — — — —
bit 15 bit 8
u-0 U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0
— — — — — INT2EP INT1EP INTOEP
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 ALTIVT: Enable Alternate Interrupt Vector Table bit

1 = Uses Alternate Interrupt Vector Table
0 = Uses standard Interrupt Vector Table (default)

bit 14 DISI: DI SI Instruction Status bit

1 =Dl SI instruction is active
0 =Dl Sl instruction is not active

bit 13-3 Unimplemented: Read as ‘0’
bit 2 INT2EP: External Interrupt 2 Edge Detect Polarity Select bit

1 = Interrupt on negative edge
0 = Interrupt on positive edge

bit 1 INT1EP: External Interrupt 1 Edge Detect Polarity Select bit
1 = Interrupt on negative edge
0 = Interrupt on positive edge

bit 0 INTOEP: External Interrupt O Edge Detect Polarity Select bit

1 = Interrupt on negative edge
0 = Interrupt on positive edge
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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104

8.1 CPU Clocking System

The dsPIC33FJ16(GP/MC)101/102 and
dsPIC33FJ32(GP/MC)101/102/104 devices provide
seven system clock options:

* Fast RC (FRC) Oscillator

* FRC Oscillator with 4x PLL

e Primary (MS, HS or EC) Oscillator

* Primary Oscillator with 4x PLL

« Secondary (LP) Oscillator

* Low-Power RC (LPRC) Oscillator

* FRC Oscillator with postscaler

8.1.1 SYSTEM CLOCK SOURCES
8.1.1.1 Fast RC

The Fast RC (FRC) internal oscillator runs at a nominal
frequency of 7.37 MHz. User software can tune the
FRC frequency. User software can optionally specify a
factor (ranging from 1:2 to 1:256) by which the FRC
clock frequency is divided. This factor is selected using
the FRCDIV<2:0> (CLKDIV<10:8>) bits.

The FRC frequency depends on the FRC accuracy
(see Table 26-18) and the value of the FRC Oscillator
Tuning register (see Register 8-3).

8.1.1.2 Primary

The primary oscillator can use one of the following as
its clock source:

e MS (Crystal): Crystals and ceramic resonators in
the range of 4 MHz to 10 MHz. The crystal is
connected to the OSC1 and OSC2 pins.

« HS (High-Speed Crystal): Crystals in the range of
10 MHz to 32 MHz. The crystal is connected to
the OSC1 and OSC2 pins.

« EC (External Clock): The external clock signal is
directly applied to the OSC1 pin.

8.1.1.3 Secondary

The secondary (LP) oscillator is designed for low power
and uses a 32.768 kHz crystal or ceramic resonator.
The LP oscillator uses the SOSCI and SOSCO pins.

8.1.1.4 Low-Power RC

The Low-Power RC (LPRC) internal oscillator runs at a
nominal frequency of 32.768 kHz. It is also used as a
reference clock by the Watchdog Timer (WDT) and
Fail-Safe Clock Monitor (FSCM).

8.1.15 PLL

The clock signals generated by the FRC and primary
oscillators can be optionally applied to an on-chip, 4x
Phase Lock Loop (PLL) to provide faster output
frequencies for device operation. PLL configuration is
described in Section 8.1.3 “PLL Configuration”.

8.1.2 SYSTEM CLOCK SELECTION

The oscillator source used at a device Power-on Reset
event is selected using Configuration bit settings. The
Oscillator Configuration bit settings are located in the
Configuration registers in the program memory. (Refer
to Section 23.1 “Configuration Bits” for further
details.) The initial Oscillator Selection Configuration
bits, FNOSC<2:0> (FOSCSEL<2:0>), and the Primary
Oscillator Mode  Select  Configuration bits,
POSCMD<1:0> (FOSC<1:0>), select the oscillator
source that is used at a Power-on Reset. The FRC
primary oscillator is the default (unprogrammed)
selection.

The Configuration bits allow users to choose among
12 different clock modes, shown in Table 8-1.

The output of the oscillator (or the output of the PLL if
a PLL mode has been selected) Fosc is divided by 2 to
generate the device instruction clock (Fcy) and the
peripheral clock time base (FP). Fcy defines the
operating speed of the device, and speeds up to
16 MHz are supported by the dsPIC33FJ16(GP/
MC)101/102 and dsPIC33FJ32(GP/MC)101/102/104
architecture.

Instruction execution speed or device operating
frequency, Fcy, is given by:

EQUATION 8-1: DEVICE OPERATING
FREQUENCY

Fcy = FOsC

DS70000652F-page 126
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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104

REGISTER 10-4:

RPINR4: PERIPHERAL PIN SELECT INPUT REGISTER 4

R = Readable bit
-n = Value at POR

u-0 u-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — T5CKR4D | T5€KR3® | T5CKR2M) | T5CKR1® | T5CKROW
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

— = — T4CKR4D | T4ckR3® | T4ckrR2® | T4ckr1® | T4CcKROW
bit 7 bit 0
Legend:

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

bit 15-13
bit 12-8

bit 7-5
bit 4-0

Note 1:

Unimplemented: Read as ‘0’
T5CKR<4:0>: Assign Timer5 External Clock (T5CK) 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 RPO

Unimplemented: Read as ‘0’
TACKR<4:0>: Assign Timer4 External Clock (T4CK) 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 RPO

These bits are available in dsPIC33FJ32(GP/MC)10X devices only.
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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104

REGISTER 10-19: RPORS8: PERIPHERAL PIN SELECT OUTPUT REGISTER 8

uU-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — RP17R<4:0>(1)
bit 15 bit 8
uU-0 U-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — RP16R<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’ = Bitis cleared X = Bit is unknown
bit 15-13 Unimplemented: Read as ‘0’
bit 12-8 RP17R<4:0>: Peripheral Output Function is Assigned to RP17 Output Pin bits(D)
(see Table 10-2 for peripheral function numbers)
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 RP16R<4:0>: Peripheral Output Function is Assigned to RP16 Output Pin bits(D)

(see Table 10-2 for peripheral function numbers)

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

REGISTER 10-20: RPOR9: PERIPHERAL PIN SELECT OUTPUT REGISTER 9

uU-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — RP19R<4:0>(1)
bit 15 bit 8
uU-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — RP18R<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 RP19R<4:0>: Peripheral Output Function is Assigned to RP19 Output Pin bits®)
(see Table 10-2 for peripheral function numbers)
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 RP18R<4:0>: Peripheral Output Function is Assigned to RP18 Output Pin bits(D)

(see Table 10-2 for peripheral function numbers)

Note 1. These bits are available in dsPIC33FJ32(GP/MC)104 devices only.
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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104

REGISTER 19-4:

AD1CHS123: ADC1 INPUT CHANNEL 1, 2, 3 SELECT REGISTER

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

— — — — — CH123NB1 | CH123NBO | CH123SB
bit 15 bit 8

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

— — — — — CH123NA1 | CH123NAO | CH123SA
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared

X = Bit is unknown

bit 15-11
bit 10-9

Unimplemented: Read as ‘0’

CH123NB<1:0>: Channel 1, 2, 3 Negative Input Select for Sample B bits

dsPIC33FJ16(GP/MC)101/102 Devices Only:

11 = Reserved
10 = Reserved

0x = CH1, CH2, CH3 negative inputs are AVss
dsPIC33FJ32(GP/MC)101/102 Devices Only:

11 = CH1 negative input is AN9, CH2 negative input is AN10, CH3 negative input is not connected

10 = Reserved

0Ox = CH1, CH2, CH3 negative inputs are AVss

dsPIC33FJ32(GP/MC)104 Devices Only:

11 = CH1 negative input is AN9, CH2 negative input is AN10, CH3 negative input is AN11
10 = CH1 negative input is AN6, CH2 negative input is AN7, CH3 negative input is AN8
0x = CH1, CH2, CH3 negative inputs are AVss

bit 8 CH123SB: Channel 1, 2, 3 Positive Input Select for Sample B bit

dsPIC33FJXX(GP/MC)101 Devices Only:

1 = CH1 positive input is AN3, CH2 and CH3 positive inputs are not connected
0 = CHL1 positive input is ANO, CH2 positive input is AN1, CH3 positive input is AN2

All Other Devices:

1 = CH1 positive input is AN3, CH2 positive input is AN4, CH3 positive input is AN5
0 = CHA1 positive input is ANO, CH2 positive input is AN1, CH3 positive input is AN2

bit 7-3
bit 2-1

Unimplemented: Read as ‘0’

CH123NA<1:0>: Channel 1, 2, 3 Negative Input Select for Sample A bits

Refer to bits<10-9> for the available settings.
bit 0 CH123SA: Channel 1, 2, 3 Positive Input Select for Sample A bit

Refer to bit 8 for the available settings.
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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104

FIGURE 26-6: INPUT CAPTURE x (ICx) TIMING CHARACTERISTICS

ox w

IC10—=' 'e—IC11—»"
IC15

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

TABLE 26-25: INPUT CAPTURE x (ICx) TIMING REQUIREMENTS

Standard Operating Conditions: 3.0V to 3.6V

(unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C < Ta < +85°C for Industrial

-40°C < TA < +125°C for Extended

Pzr:m Symbol Characteristict) Min Max Units Conditions
IC10 |TecL ICx Input Low Time |No Prescaler 0.5 Tcy + 20 — ns

With Prescaler 10 — ns
IC11 | TecH ICx Input High Time | No Prescaler 0.5Tcy + 20 — ns

With Prescaler 10 — ns
IC15 |TccP ICx Input Period (Tey + 40)/N — ns |N = prescale value

(1, 4, 16)

Note 1: These parameters are characterized by similarity, but are not tested in manufacturing.
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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104

FIGURE 26-20: SPIx MASTER MODE (HALF-DUPLEX, TRANSMIT ONLY, CKE = 1) TIMING
CHARACTERISTICS FOR dsPIC33FJ32(GP/MC)10X
SP36
SCKx \
(CKP = 0) ! ! \ / \
! ﬁ . SP10 ! TSPl sPa0
(CKP =1) ! \ ;
5 . SP3% EE
: — %
SDOx S:Y MSb X Bit 14 SS ---1 >< LSb

SP30, SP31

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

TABLE 26-38: SPIx MASTER MODE (HALF-DUPLEX, TRANSMIT ONLY) 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

Pilrgm Symbol Characteristic(?) Min | Typ@ | Max | Units Conditions
SP10 |TscP Maximum SCKx Frequency — — 15 MHz |See Note 3
SP20 | TscF SCKx Output Fall Time — — — ns |See Parameter DO32
and Note 4
SP21 |TscR SCKx Output Rise Time — — — ns |See Parameter DO31
and Note 4
SP30 |TdoF SDOx Data Output Fall Time — — — ns |See Parameter DO32
and Note 4
SP31 |TdoR SDOx Data Output Rise Time — — — ns |See Parameter DO31
and Note 4
SP35 TscH2doV, | SDOx Data Output Valid after — 6 20 ns
TscL2doV | SCKx Edge
SP36 | TdiV2scH, | SDOx Data Output Setup to 30 — — ns
TdiV2scL | First SCKx Edge
Note 1. These parameters are characterized, but are not tested in manufacturing.
2. Datain “Typ” column is at 3.3V, +25°C unless otherwise stated.
3.  The minimum clock period for SCKx is 66.7 ns. Therefore, the clock generated in Master mode must not
violate this specification.
4: Assumes 50 pF load on all SPIx pins.
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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104

TABLE 26-42: SPIx SLAVE MODE (FULL-DUPLEX, CKE =1, CKP =1, SMP = 0) TIMING
REQUIREMENTS FOR dsPIC33FJ32(GP/MC)10X

AC CHARACTERISTICS

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

-40°C < TA < +125°C for Extended

Operating temperature

Pzr:m Symbol Characteristic(?) Min Typ@ | Max | Units Conditions
SP70 |TscP Maximum SCKXx Input Frequency — — 11 MHz | See Note 3
SP72 | TscF SCKXx Input Fall Time — — — ns | See Parameter DO32
and Note 4
SP73 |TscR SCKXx Input Rise Time — — — ns | SeeParameter DO31
and Note 4
SP30 |TdoF SDOx Data Output Fall Time — — — ns | SeeParameter DO32
and Note 4
SP31 |TdoR SDOx Data Output Rise Time — — — ns | SeeParameter DO31
and Note 4
SP35 |TscH2doV, | SDOx Data Output Valid after — 6 20 ns
TscL2doV | SCKx Edge
SP36 |TdoV2scH, | SDOx Data Output Setup to 30 — — ns
TdoV2scL |First SCKx Edge
SP40 | TdiV2scH, |Setup Time of SDIx Data Input 30 — — ns
TdivV2scL |to SCKx Edge
SP41 |TscH2diL, |Hold Time of SDIx Data Input 30 — — ns
TscL2diL |to SCKx Edge
SP50 |TssL2scH, |SSx < to SCKx T or SCKx Input 120 — — ns
TssL2scL
SP51 |TssH2dozZ |SSx T to SDOx Output 10 — 50 ns |See Note 4
High-Impedance
SP52 TscH2ssH | SSx after SCKx Edge 15Tcy +40| — — ns |See Note 4
TscL2ssH
SP60 TssL2doV | SDOx Data Output Valid after — — 50 ns
SSx Edge
Note 1: These parameters are characterized, but are not tested in manufacturing.
2. Datain “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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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104

28.1 Package Marking Information (Continued)

28-Lead SPDIP Example
102-E/SPE3
O R\ YYWWNNN O R\ 1330235 Q

28-Lead SOIC Example
XXXXXXXXXXXXXXXXXXXX dsPIC33FJ16MC
XXXXXXXXXXXXXXXXXXXX 102-E/SO@€3
XXXXXXXXXXXXXXXXXXXX R\ 1330235

AR\ YYWWNNN
@) @)

28-Lead SSOP Example
XXXXXXXXXXXX 33FJ16MC
) 0.9.9.9.9.9.9.9.9.9.0.4 102-E/SSe3

\ YYWWNNN \ 1330235
o® o %

28-Lead QFN Example
L\ B\
XXXXXXXX 33FJ16MC
XXXXXXXX 102/MLEd
YYWWNNN 1330235

36-Lead VTLA Example
XXXXXXXX 33FJi6MC
XXXXXXXX 102/TL@3
YYWWNNN 1330235
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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104

20-Lead Plastic Dual In-Line (P) — 300 mil Body [PDIP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at

http://www.microchip.com/packaging

N
I rararararararg

b e eB
Units INCHES
Dimension Limits MIN NOM | MAX
Number of Pins N 20
Pitch e .100 BSC
Top to Seating Plane A - — 210
Molded Package Thickness A2 115 .130 .195
Base to Seating Plane A1 .015 — -
Shoulder to Shoulder Width E .300 310 .325
Molded Package Width E1 .240 .250 .280
Overall Length D .980 1.030 1.060
Tip to Seating Plane L 115 .130 .150
Lead Thickness c .008 .010 .015
Upper Lead Width b1 .045 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - — 430

Notes:

1.
2. § Significant Characteristic.

3.

4. Dimensioning and tolerancing per ASME Y14.5M.

Pin 1 visual index feature may vary, but must be located within the hatched area.
Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-019B

DS70000652F-page 350 © 2011-2014 Microchip Technology Inc.



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

28-Lead Plastic Small Outline (SO) - Wide, 7.50 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

o 2x

NOTE 1

-
I_I
N H NOTE 5 i
nnnn | N00000n
— i E/2
e ———— €]
%mlgm/1gguuuwuuuuuu —
i i 2X N/2 TIPS

—»||-=— NXb

o [&[02@[C[A5[D]

B] NOTE 5

TOP VIEW
A—=
* * ‘\1 (X Jo.10
A [ 1 | NX
] (inininininininininininininl. SEATING PLANE
A2 ;
Al — SIDE VIEW A—=—o

{ = c
=

VIEW A-A

Microchip Technology Drawing C04-052C Sheet 1 of 2
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dsPIC33FJ16(GP/MC)101/102 AND dsPIC33FJ32(GP/MC)101/102/104

TABLE A-3: MAJOR SECTION UPDATES (CONTINUED)

Section Name Update Description

Section 26.0 “Electrical |Updated the Absolute Maximum Ratings.
Characteristics” Updated TABLE 26-3: Thermal Packaging Characteristics.

Updated TABLE 26-6: DC Characteristics: Operating Current (Idd).
Updated TABLE 26-7: DC Characteristics: Idle Current (lidle).

Updated TABLE 26-8: DC Characteristics: Power-Down Current (Ipd).
Updated TABLE 26-9: DC Characteristics: Doze Current (Idoze).
Updated TABLE 26-10: DC Characteristics: 1/0 Pin Input Specifications.

Replaced all SPI specifications and figures (see Table 26-29 through Table 26-44 and
Figure 26-11 through Figure 26-26).

Section 28.0 “Packaging |Added the following Package Marking Information and Package Drawings:
Information” o 44-Lead TQFP

e 44-Lead QFN

e 44-Lead VTLA (referred to as TLA in the package drawings)
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INDEX

A

Absolute Maximum Ratings ........cccooveeriiienniiie e 281

AC CharacCteriStiCs .......cvveviiurieriiiie e 294
10-Bit ADC Specifications..........cccceveeereiiiieeiiiieene. 333
ADC SpeCifiCations .........cccveeeriiieeiiie e 332
Internal Fast RC (FRC) Accuracy ............c........ 296, 342
Internal Low-Power RC (LPRC) Accuracy........ 296, 342
Load ConditioNS .........ccceeeiiiiiiiiieeeeee e 294
PLL ClIOCK. ...ttt ettt 296
Temperature and Voltage Specifications.................. 294

ADC
COoNtrol REJISLErS ....cevveiiiiiiiieieeee e 222
Helpful Tips
Initialization
KeY FEALUIES.....ccieeeieiiiie et 217
RESOUICES ...ttt 221

Alternate Interrupt Vector Table (AIVT) .cccooiieiiiiiiiiiieeee 95

Analog-to-Digital Converter (ADC)........ccocvveveveeeiniiiiiennnn. 217

Arithmetic Logic Unit (ALU).....cccceiiiiiiieiieieee e 43

B

Bit-Reversed AddreSSing ........ccooueeeirieeeeiiiee e 76
EX@MPIE ..ot 77
Implementation .............. ... 76
Sequence Table (16-ENtry).......coocceeeiiieeiiieeeniieeennes 77

Block Diagrams
16-Bit Timerl Module..........ccccoviiiiiiiieeiieere e 165
6-Channel PWM1 Module...........ccceiviieeiiiiiecniieens 182
ADC1 Conversion Clock Period...........cccccoovveerinnenn. 221
ADCL1 for dsPIC33FJ32(GP/MC)104 Devices .......... 220
ADC1 for dsPIC33FJXX(GP/MC)101 Devices.......... 218
ADCL1 for dsPIC33FJXX(GP/MC)102 Devices.......... 219
Comparator 1/0 Operating Modes...........ccccvvveeeeennnn. 231
Comparator Voltage Reference .........ccccoeeveeieiinnenes 232
Connections for On-Chip Voltage Regulator............. 266
CTMU MOQUIE......ooiiiiiiiieie e 256
Digital Filter Interconnect ...........ccccoeceeeiiiieeniie e, 233
DSP ENQING ..ottt 44
dsPIC33FJIXX(GP/MC)10X CPU Core ..........cceevuenee. 38
dsPIC33FJXX(GP/MC)10X Devices.... ....28
I2C MOTUIE ..o 204
Input Capture X Module..........cccoviivieiiiiniiineee e 175
MCLR Pin CONNECHIONS.......uueiiiiiiieeeiiie e 34
Multiplexing of Remappable Output for RPn............. 144
OSCillator SYSEM ......cvvieeiiiiiiieee e 125
Output Compare X Module...........cccovieeeiiiiieciiinens 177
Real-Time Clock and Calendar (RTCC) Module....... 243
Recommended Minimum Connection................c........
Remappable MUX Input for U1RX....
Reset System.......ccovvvviiiveeeeeniiinns
Shared Port Structure .
SPIX MOAUIE......ceiiiiiii et
Timer2 and Timer4 (16-Bit)........ccoocveeeiiiriniiieeeineen.
Timer2/3 and Timer4/5 (32-Bit)........cccocveveeeveiiiinnnn.
Timer3 and Timer5 (16-Bit)........ccovcvveeiiiiriniiiieeeieenn.
UARTX Simplified.........cccceveieriiiiennns
User-Programmable Blanking Function...
Watchdog Timer (WDT) ......cccevveernunen.

Brown-out Reset (BOR) .......cccceiiiieriiiiieieie e

C

Charge Time Measurement Unit. See CTMU.

ClOCK SWItChING ... 132
Enabling...
Sequence

Code Examples
Assembly Code for Write-Protected Register

Unlock, Fault Clearing Sequence...................... 184
C Code for Write-Protected Register Unlock,

Fault Clearing Sequence............ccooceeeenieeeneneen. 184
Port Write/Read .........cceeeiiiiiaiieeeieeee e 141

PWRSAYV Instruction Syntax
Setting the RTCWREN Bit...

comparator........c.ceeveeeeeninnnenn. .. 231
COoNtrol REJISLErS.....ccciiiiiiiiiieee et 234
Configuration BitS .........coooueieiiiiiieiie e 261
DESCHPLON....ttiie et 263
CPU
CoNntrol REGISTEIS ........ieiiiiieiiiie e 40
Data Addressing
OVEIVIBW. ...eeiiiiiie ittt 37
DSP ENGINE ...ttt 43
Adder/Subtracter
Overflow and Saturation............cccccceeevneen. 45
Barrel Shifter.........ccoooiieiiiiee e 47
Data Accumulators
Write BacK ......c.oeevvieiiiiiieeieee e 46
Data Accumulators and Adder/Subtracter ... 45
MURIPHEE e ... 45
overview................ e 37
Special MCU Features .........ccccooiieeriieeeniieee e 38
CPU CloCKiNg SYSEM ......ceieiiiiiiiiie et 126
Clock Selection..........cooviiiieiiieiic e 126
ClOCK SOUICES ....ooiiiiiiiiiie et 126
Configuration Bit Values for Clock Selection. .. 127
PLL Configuration...........cccceeveiiiieeineeeiniicece e 127
CTMU
Control REGISLErS.......cooiiiiieiiie et 257
Customer Change Notification Service..........cccccceevvvivnnens 387
Customer Notification Service .........cccocovveiieiiiiiee e 387
CUSLOMET SUPPOIT.....ieeiiaiiiiieie ettt 387
D
Data AddreSSs SPACE.......cuvevveeiiiiiiiieee et e e 52
Memory Map for dsPIC33FJ16(GP/MC)101/102
Devices, 1-Kbyte RAM .......cccoooiiiiiiieeiiee e 53
Memory Map for dsPIC33FJ32(GP/MC)101/102/104
Devices, 2-Kbyte RAM .......ccocoviviiirieeneeeeseeiene 54
Near Data Space.................. ... 52
Organization and Alignment. ..52
SFR Space.......cccccvveennne ... 52
Software Stack .......ccceeiiieriiiiiee s 73
WIAEN L 52
XanNd Y SPACES....oceeiiiiiiiiiiieeeieiiieee e e e e seee e 55
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.
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