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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"

Active

dsPIC

16-Bit

70 MIPs

CANbus, I2C, IrDA, LINbus, QEI, SPI, UART/USART
Brown-out Detect/Reset, DMA, Motor Control PWM, POR, PWM, WDT
35

32KB (10.7K x 24)

FLASH

2K x 16

3V ~ 3.6V

A/D 9x10b/12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

48-UFQFN Exposed Pad

48-UQFN (6x6)
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

Pin Diagrams (Continued)

44-pin QFN(1:2:3)

TMS/ASDA1/RP41/RB9¢
RP54/RC6

RP55/RC7

RP56/RC8

RP57/RC9

Vss

Vcap
RP42/PWM3H/RB10
RP43/PWM3L/RB11
RPI44/PWM2H/RB12
RPI45/PWM2L/CTPLS/RB13

Note 1:

a o
Qv
> >

CVREF20/SDO1/RP20/T1CK/RA4

PGEC2/ASCL2/RP38/RB6
PGED2/ASDA2/RP37/RB5

SCL1/RPI53/RC5
SDA1/RPI52/RC4
SCK1/RPI51/RC3
SDI1/RPI25/RA9

TCK/CVREF10/ASCL1/RP40/TACK/RB8
RP39/INTO/RB7

-
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EEIEN] | ENIE ] ) ] |
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dsPIC33EPXXXMC204/504
PIC24EPXXXMC204

12 13 14 15 16 17 18 19 20 21 22

CIC I

33

-
31 []
30 [
29 [ |
28 [ |
21 [ ]
26 [ |
25 [ ]
24 [ |
23 [ |

A1

TDI/RA7

TDO/RA10
RP146/PWM1H/T3CK/RB14

AN1/C2IN1+/R,

ANO/OA20UT/RAO
PGEDB3/VREF-/AN2/C2IN1-/SS1/RPI32/CTED2/RB0

RPI147/PWM1L/T5CK/RB15

PGECB3/VReF+/AN3/OA10UT/RPI33/CTED1/RB1

M = Pins are up to 5V tolerant

FLT32/SCL2/RP36/RB4
SDA2/RPI24/RA8
OSC2/CLKO/RA3
OSC1/CLKI/RA2

Vss

VDD
ANB8/C3IN1+/U1RTS/BCLK1/FLT3/RC2
AN7/C3IN1-/C4IN1-/RC1
ANB6/OA30UT/C4IN1+/OCFB/RCO
PGED1/AN5/C1IN1-/RP35/RB3
PGEC1/AN4/C1IN1+/RPI134/RB2

The RPn/RPIn pins can be used by any remappable peripheral with some limitation. See Section 11.4

“Peripheral Pin Select (PPS)” for available peripherals and for information on limitations.

2:  Every /O port pin (RAx-RGx) can be used as a Change Notification pin (CNAx-CNGx). See Section 11.0 “I/O
Ports” for more information.

3:  The metal pad at the bottom of the device is not connected to any pins and is recommended to be connected
to Vss externally.

4: There is an internal pull-up resistor connected to the TMS pin when the JTAG interface is active. See the

JTAGEN bit field in Table 27-2.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

3.8 Arithmetic Logic Unit (ALU)

The dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/
50X and PIC24EPXXXGP/MC20X ALU is 16 bits wide,
and is capable of addition, subtraction, bit shifts and
logic operations. Unless otherwise mentioned,
arithmetic operations are two’s complement in nature.
Depending on the operation, the ALU can affect the
values of the Carry (C), Zero (Z), Negative (N),
Overflow (OV) and Digit Carry (DC) Status bits in the
SR register. The C and DC Status bits operate as
Borrow and Digit Borrow bits, respectively, for
subtraction operations.

The ALU can perform 8-bit or 16-bit operations,
depending on the mode of the instruction that is used.
Data for the ALU operation can come from the W
register array or data memory, depending on the
addressing mode of the instruction. Likewise, output
data from the ALU can be written to the W register array
or a data memory location.

Refer to the “16-bit MCU and DSC Programmer’s
Reference Manual” (DS70157) for information on the
SR bits affected by each instruction.

The core CPU incorporates hardware support for both
multiplication and division. This includes a dedicated
hardware multiplier and support hardware for 16-bit
divisor division.

3.8.1 MULTIPLIER

Using the high-speed 17-bit x 17-bit multiplier, the ALU
supports unsigned, signed, or mixed-sign operation in
several MCU multiplication modes:

» 16-bit x 16-bit signed

* 16-bit x 16-bit unsigned

» 16-bit signed x 5-bit (literal) unsigned

» 16-bit signed x 16-bit unsigned

» 16-bit unsigned x 5-bit (literal) unsigned
» 16-bit unsigned x 16-bit signed

« 8-bit unsigned x 8-bit unsigned

3.8.2 DIVIDER

The divide block supports 32-bit/16-bit and 16-bit/16-bit
signed and unsigned integer divide operations with the
following data sizes:

» 32-bit signed/16-bit signed divide

» 32-bit unsigned/16-bit unsigned divide

» 16-bit signed/16-bit signed divide

» 16-bit unsigned/16-bit unsigned divide

The quotient for all divide instructions ends up in WO
and the remainder in W1. The 16-bit signed and
unsigned DI V instructions can specify any W register
for both the 16-bit divisor (Wn) and any W register
(aligned) pair (W(m + 1):Wm) for the 32-bit dividend.
The divide algorithm takes one cycle per bit of divisor,
so both 32-bit/16-bit and 16-bit/16-bit instructions take
the same number of cycles to execute.

3.9 DSP Engine
(dsPIC33EPXXXMC20X/50X and
dsPIC33EPXXXGP50X Devices
Only)

The DSP engine consists of a high-speed 17-bit x

17-bit multiplier, a 40-bit barrel shifter and a 40-bit

adder/subtracter (with two target accumulators, round
and saturation logic).

The DSP engine can also perform inherent accumulator-
to-accumulator operations that require no additional
data. These instructions are ADD, SUB and NEG

The DSP engine has options selected through bits in
the CPU Core Control register (CORCON), as listed
below:
* Fractional or integer DSP multiply (IF)
» Signed, unsigned or mixed-sign DSP multiply (US)
» Conventional or convergent rounding (RND)
» Automatic saturation on/off for ACCA (SATA)
» Automatic saturation on/off for ACCB (SATB)
» Automatic saturation on/off for writes to data
memory (SATDW)
» Accumulator Saturation mode selection
(ACCSAT)

TABLE 3-2: DSP INSTRUCTIONS
SUMMARY
Instruction Algebrgic ACC Write
Operation Back
CLR A=0 Yes
ED A= (x—Yy)? No
EDAC A=A+ (x—y)? No
MAC A=A+ (xey) Yes
MAC A=A+ No
MOVSAC No change in A Yes
MPY A= Xey No
MPY A= No
MPY. N A=—Xey No
MSC A=A-Xey Yes

DS70000657H-page 44
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

FIGURE 4-3: PROGRAM MEMORY MAP FOR dsPIC33EP128GP50X, dsPIC33EP128MC20X/50X
AND PIC24EP128GP/MC20X DEVICES

A QOTO|nstruction 0x000000
Reset Address 0x000002
Interrupt Vector Table 8?888?2‘,‘5
0x000200
° User Program
S Flash Memory
& (44K instructions) 0X0157EA
7
§ Flash Configuration 0x0157EC
@ Bytes 0x0157FE
= 0x015800
[}
1%
-]
Unimplemented
(Read ‘0’s)
Y O0x7FFFFE
Y 0x800000
Reserved
0x800FF6
0x800FF8
USERID
3 0x800FFE
8 0x801000
U; Reserved
E OXFOFFFE
. 0xFA0000
[0}
2 Write Latches 0xFA0002
5 0xFA0004
©
5
2 Reserved
c
[e}
(&)
OXFEFFFE
0xFF0000
DEVID OXFF0002
O0xFF0004
Reserved
Y OXFFFFFE

Note: Memory areas are not shown to scale.

© 2011-2013 Microchip Technology Inc. DS70000657H-page 47



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

FIGURE 4-8: DATA MEMORY MAP FOR dsPIC33EP64MC20X/50X AND
dsPIC33EP64GP50X DEVICES

MSB LSB
Address 16 Bits Address
- -
MSB LSB
— 0x0001 ' 0x0000 —
4-Kbyte SFR Space
SFR Space OxOFFE
L OxOFFF | OX1OOO
/ 0X1 001 I X 8_Kbyte
| Near
X Data RAM (X) Data Space
I
8-Kbyte Ox1FFF | OX1FFE |
SRAM Space 0x2001 | 0x2000
I
Y Data IIQAM (Y)
I
. OX2FFF | O0x2FFE
0x3001 | 0x3000
I
I
I
I
I
0x8001 F — — — — — l— — — — — 0x8000 )
I
X Data
Unimplemented (X)
| Optionally
| Mapped
| into Program
Memory Space
| (PSV)
I
I
OxFFFF | OxFFFE
| —
Note:  Memory areas are not shown to scale.
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4.4 Special Function Register Maps

TABLE 4-1: CPU CORE REGISTER MAP FOR dsPIC33EPXXXMC20X/50X AND dsPIC33EPXXXGP50X DEVICES ONLY
File Name | Addr. | Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reiltlets

w0 0000 WO (WREG) XXXX
W1 0002 W1 XXXX
W2 0004 W2 XXXX
W3 0006 W3 XXXX
w4 0008 W4 XXXX
W5 000A W5 XXXX
Wé 0ooC W6 XXXX
W7 000E W7 XXXX
W8 0010 w8 XXXX
W9 0012 W9 XXXX
W10 0014 W10 XXXX
W11 0016 W11 XXXX
w12 0018 W12 XXXX
W13 001A W13 XXXX
w14 001C W14 XXXX
W15 001E W15 XXXX
SPLIM 0020 SPLIM 0000
ACCAL 0022 ACCAL 0000
ACCAH 0024 ACCAH 0000
ACCAU 0026 Sign Extension of ACCA<39> | ACCAU 0000
ACCBL 0028 ACCBL 0000
ACCBH 002A ACCBH 0000
ACCBU 002C Sign Extension of ACCB<39> | ACCBU 0000
PCL 002E PCL<15:0> — 0000
PCH 003 | — — — — — — — [ =1 = PCH<6:0> 0000
DSRPAG 0032 — — — — — — DSRPAG<9:0> 0001
DSWPAG 0034 — — — — — — — | DSWPAG<8:0> 0001
RCOUNT 0036 RCOUNT<15:0> 0000
DCOUNT 0038 DCOUNT<15:0> 0000
DOSTARTL | 003A DOSTARTL<15:1> — 0000
posTARTH|oo3c | — | — | — | — | — | — | — | — | — — DOSTARTH<5:0> 0000
DOENDL 003E DOENDL<15:1> — 0000
DOENDH [oo40 | — | — | — | — | — | — | — | — | — — DOENDH<5:0> 0000
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

X0ZOW/JDXXXdTAYZIld ANV X0S/XOZONXXXdIAEEDIASP XOSdDXXXJIAEEDIASP
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EXAMPLE 4-3:

PAGED DATA MEMORY SPACE

Local Data Space

EDS

(DSRPAG<9:0>/DSWPAG<8:0>)

DS_Addr<14:0>

0x0000
OX7FFF
0x0000;
!
/
/!
OX7FFF
/
/
/
/
DS_Addr<15:0> §%0000
0x0000 ,
SFR Registers /
OXOFFF || OX7FFF
0x1000 /
, 0x0000
/
Up to 8-Kbyte /
1) /
RAM /| OXTFFF
Ox2FFF /
0x3000 /
OX7FFF !
0x8000
32-Kbyte 0x0000
EDS Window
OxFFFF
\ OX7FFF
\ 0x0000
AY
\
AY
', OX7FFF
\
\
A
\
AY
0x0000
AY
AY
\
OX7FFF,
Note 1:

Page 0
Reserved
(Will produce an
address error trap)

EDS Page 0x001
(DSRPAG = 0x001)
(DSWPAG = 0x001)

EDS Page 0x1FF
(DSRPAG = 0x1FF)
(DSWPAG = 0x1FF)

EDS Page 0x200
(DSRPAG = 0x200)
No writes allowed

EDS Page 0x2FF
(DSRPAG = 0x2FF)
No writes allowed

EDS Page 0x300
(DSRPAG = 0x300)
No writes allowed

EDS Page 0x3FF
(DSRPAG = 0x3FF)
No writes allowed

N

7
-1

|
|
|
|
|
|
|
|
|
|
|
|
| 7

r//

<

4

-
Za

PSV
Program
Memory ~

(Isw) e

7

s -
-
-
-

PSV
Program
Memory

(MSB)

-
e
-
-
e

Program Space

(Instruction & Data)

DS_Addr<15:0>

Program Memory Phd
(Isw — <15:0>) e

0x00_0000

Ox7F_FFFF

Program Memory
(MSB - <23:16>)

0x00_0000

Ox7F_FFFF K

0x0000

-

OXFFFF

0x0000

OXFFFF

For 64K Flash devices. RAM size and end location is dependent on device; see Section 4.2 “Data Address Space” for more information.

Table Address Space
(TBLPAG<7:0>)

(TBLPAG = 0x00)
Isw Using
TBLRDL/TBLWTL
MSB Using
TBLRDH/TBLWTH

(TBLPAG = Ox7F)
Isw Using
TBLRDL/TBLWTL
MSB Using
TBLRDH/TBLWTH
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

5.0 FLASH PROGRAM MEMORY

alternate programming pin pairs: PGECx/PGEDXx), and

Note 1: This data sheet summarizes the
features of the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and
PIC24EPXXXGP/MC20X families of
devices. It is not intended to be a compre-
hensive reference source. To complement
the information in this data sheet, refer to
“Flash Programming” (DS70609) 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.

three other lines for power (VDD), ground (Vss) and
Master Clear (MCLR). This allows customers to
manufacture boards with unprogrammed devices and
then program the device 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
TBLWI (Table Write) instructions. With RTSP, the user
application can write program memory data a single
program memory word, and erase program memory in
blocks or ‘pages’ of 1024 instructions (3072 bytes) at a
time.

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

The dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/
50X and PIC24EPXXXGP/MC20X 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 for a dsPIC33EPXXXGP50X,

dsPIC33EPXXXMC20X/50X and PIC24EPXXXGP/

MC20X 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

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

The TBLRDHand TBLWIHinstructions are used to read
or write to bits<23:16> of program memory. TBLRDH
and TBLWI'H can also access program memory in Word
or Byte mode.

FIGURE 5-1: ADDRESSING FOR TABLE REGISTERS
: ! 24 Bits rot
Usi L ™
sing
Program Counter [ 0] Program Counter [o]
| | : [
| | |
- I |
| | | [
| | | Working Reg EA [ ]
Using [
Table Instruction 1/0] TBLPAG Reg — ||
| | 8Bits i 16 Bits ||
KA A
User/Confi ti | | ¢ I
ser/Configuration Byte
Space Select | 24-Bit EA l Select
I [ Lo

© 2011-2013 Microchip Technology Inc.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 8-11: DMAPWC: DMA PERIPHERAL WRITE COLLISION STATUS REGISTER

uU-0 U-0 u-0 U-0 U-0 U-0 U-0 U-0
bit 15 bit 8
uU-0 U-0 U-0 U-0 R-0 R-0 R-0 R-0
— — — — PWCOL3 PWCOL2 PWCOL1 PWCOLO
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 15-4 Unimplemented: Read as ‘0’
bit 3 PWCOL3: DMA Channel 3 Peripheral Write Collision Flag bit

1 = Write collision is detected
0 = No write collision is detected

bit 2 PWCOL2: DMA Channel 2 Peripheral Write Collision Flag bit
1 = Write collision is detected
0 = No write collision is detected

bit 1 PWCOL1: DMA Channel 1 Peripheral Write Collision Flag bit
1 = Write collision is detected
0 = No write collision is detected

bit 0 PWCOLO: DMA Channel 0 Peripheral Write Collision Flag bit

1 = Write collision is detected
0 = No write collision is detected

DS70000657H-page 148 © 2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 11-24: RPORG6: PERIPHERAL PIN SELECT OUTPUT REGISTER 6

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
_ — RP57R<5:0>
bit 15 bit 8
U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP56R<5:0>
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 15-14 Unimplemented: Read as ‘0’

bit 13-8 RP57R<5:0>: Peripheral Output Function is Assigned to RP57 Output Pin bits
(see Table 11-3 for peripheral function numbers)

bit 7-6 Unimplemented: Read as ‘0’

bit 5-0

RP56R<5:0>: Peripheral Output Function is Assigned to RP56 Output Pin bits

(see Table 11-3 for peripheral function numbers)

REGISTER 11-25: RPOR7: PERIPHERAL PIN SELECT OUTPUT REGISTER 7

U-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP97R<5:0>
bit 15 bit 8
uU-0 u-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-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’ = Bitis cleared x = Bit is unknown
bit 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP97R<5:0>: Peripheral Output Function is Assigned to RP97 Output Pin bits
(see Table 11-3 for peripheral function numbers)
bit 7-0 Unimplemented: Read as ‘0’

DS70000657H-page 200
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

17.2 QEI Control Registers

REGISTER 17-1: QEI1CON: QEI1 CONTROL REGISTER

R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
QeEN | — | aesiL | pivop2® | pimop1® | pimobo® | imv1® IMVO®)
bit 15 bit 8
U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— INTDIV2®) | INTDIV1®) | INTDIVO®) | CNTPOL GATEN ccMm1 CCMO
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 QEIEN: Quadrature Encoder Interface Module Counter Enable bit
1 = Module counters are enabled
0 = Module counters are disabled, but SFRs can be read or written to
bit 14 Unimplemented: Read as ‘0’
bit 13 QEISIDL: QEI Stop in Idle Mode bit
1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode
bit 12-10 PIMOD<2:0>: Position Counter Initialization Mode Select bits%)
111 = Reserved
110 = Modulo Count mode for position counter
101 = Resets the position counter when the position counter equals QEI1GEC register
100 = Second index event after home event initializes position counter with contents of QEI1IC register
011 = First index event after home event initializes position counter with contents of QEI1IC register
010 = Next index input event initializes the position counter with contents of QEI1IC register
001 = Every index input event resets the position counter
000 = Index input event does not affect position counter
bit 9 IMV1: Index Match Value for Phase B bit(®
1 = Phase B match occurs when QEB = 1
0 = Phase B match occurs when QEB =0
bit 8 IMVO: Index Match Value for Phase A bit(®)
1 = Phase A match occurs when QEA =1
0 = Phase A match occurs when QEA =0
bit 7 Unimplemented: Read as ‘0’
Note 1. When CCM<1:0> =10 or 11, all of the QEI counters operate as timers and the PIMOD<2:0> bits are
ignored.

2:  When CCM<1:0> = 00, and QEA and QEB values match the Index Match Value (IMV), the POSCNTH
and POSCNTL registers are reset. QEA/QEB signals used for the index match have swap and polarity
values applied, as determined by the SWPAB and QEAPOL/QEBPOL bits.

3: The selected clock rate should be at least twice the expected maximum quadrature count rate.

DS70000657H-page 252
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 17-7: VEL1CNT: VELOCITY COUNTER 1 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
VELCNT<15:8>
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
VELCNT<7:0>
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’ = Bitis cleared x = Bit is unknown
bit 15-0 VELCNT<15:0>: Velocity Counter bits

REGISTER 17-8: INDX1CNTH: INDEX COUNTER 1 HIGH WORD 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
INDXCNT<31:24>
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
INDXCNT<23:16>
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 15-0 INDXCNT<31:16>: High Word Used to Form 32-Bit Index Counter Register (INDX1CNT) bits

REGISTER 17-9: INDX1CNTL: INDEX COUNTER 1 LOW WORD 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
INDXCNT<15:8>
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
INDXCNT<7:0>
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 15-0 INDXCNT<15:0>: Low Word Used to Form 32-Bit Index Counter Register (INDX1CNT) bits
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REGISTER 19-3: [2CxMSK: 12Cx SLAVE MODE ADDRESS MASK REGISTER

u-0 U-0 U-0 U-0 U-0 u-0 R/W-0 R/W-0
— — — — — — AMSK9 AMSKS8
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
AMSK7 AMSK6 AMSKS5 AMSK4 AMSK3 AMSK2 AMSKA1 AMSKO
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 Unimplemented: Read as ‘0’
bit 9-0 AMSK<9:0>: Address Mask Select bits

For 10-Bit Address:

1 = Enables masking for bit Ax of incoming message address; bit match is not required in this position
0 = Disables masking for bit Ax; bit match is required in this position

For 7-Bit Address (I2CxMSK<6:0> only):

1 = Enables masking for bit Ax + 1 of incoming message address; bit match is not required in this position
0 = Disables masking for bit Ax + 1; bit match is required in this position
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FIGURE 23-2: ADC CONVERSION CLOCK PERIOD BLOCK DIAGRAM
AD1CON3<15>
ADC Internal 1
RC Clock®
TAD
AD1CON3<7:0> 0
6%
ADC Conversion
TPM »| Clock Multiplier

1,2,3,4,5,.., 256

Note 1: Tp=1/FP.

2: See the ADC electrical specifications in Section 30.0 “Electrical Characteristics” for the
exact RC clock value.
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27.6 JTAG Interface

dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X
and PIC24EPXXXGP/MC20X devices implement a
JTAG interface, which supports boundary scan device
testing. Detailed information on this interface is
provided in future revisions of the document.

Note: Refer to “Programming and Diagnostics”
(DS70608) in the “dsPIC33/PIC24 Family
Reference Manual” for further information
on usage, configuration and operation of the
JTAG interface.

27.7  In-Circuit Serial Programming

The dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/
50X and PIC24EPXXXGP/MC20X devices can be
serially programmed while in the end application circuit.
This is done with two lines for clock and data, and three
other lines for power, ground and the programming
sequence. Serial programming allows customers to
manufacture boards with unprogrammed devices and
then program the device just before shipping the
product. Serial programming also allows the most recent
firmware or a custom firmware to be programmed. Refer
to the “dsPIC33E/PIC24E Flash Programming
Specification for Devices with Volatile Configuration Bits”
(DS70663) for details about In-Circuit Serial
Programming (ICSP).

Any of the three pairs of programming clock/data pins
can be used:

+ PGEC1 and PGED1

+ PGEC2 and PGED2

+ PGEC3 and PGED3

27.8 In-Circuit Debugger

When MPLAB® ICD 3 or REAL ICE™ is selected as a
debugger, the in-circuit debugging functionality is
enabled. This function allows simple debugging func-
tions when used with MPLAB IDE. Debugging function-
ality is controlled through the PGECx (Emulation/
Debug Clock) and PGEDx (Emulation/Debug Data) pin
functions.

Any of the three pairs of debugging clock/data pins can
be used:

+ PGEC1 and PGED1
+ PGEC2 and PGED2
+ PGEC3 and PGED3

To use the in-circuit debugger function of the device,
the design must implement ICSP connections to
MCLR, VDD, Vss and the PGECx/PGEDx pin pair. In
addition, when the feature is enabled, some of the
resources are not available for general use. These
resources include the first 80 bytes of data RAM and
two 1/0 pins (PGECx and PGEDx).

27.9 Code Protection and
CodeGuard™ Security

The dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/
50X, and PIC24EPXXXGP/MC20X devices offer basic
implementation of CodeGuard Security that supports
only General Segment (GS) security. This feature helps
protect individual Intellectual Property.

Note: Refer to “CodeGuard™ Security”
(DS70634) in the “dsPIC33/PIC24 Family
Reference Manual” for further information
on usage, configuration and operation of
CodeGuard Security.
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28.0 INSTRUCTION SET SUMMARY

Note: This data sheet summarizes the features
of the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and
PIC24EPXXXGP/MC20X families of
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to the related section of the
“dsPIC33/PIC24 Family Reference
Manual”’, which is available from the
Microchip web site (www.microchip.com).

The dsPIC33EP instruction set is almost identical to
that of the dsPIC30F and dsPIC33F. The PIC24EP
instruction set is almost identical to that of the PIC24F
and PIC24H.

Most instructions are a single program memory word
(24 bits). Only three instructions require two program
memory locations.

Each single-word instruction is a 24-bit word, divided
into an 8-bit opcode, which specifies the instruction
type and one or more operands, which further specify
the operation of the instruction.

The instruction set is highly orthogonal and is grouped
into five basic categories:

* Word or byte-oriented operations

« Bit-oriented operations

* Literal operations

» DSP operations

» Control operations

Table 28-1 lists the general symbols used in describing
the instructions.

The dsPIC33E instruction set summary in Table 28-2
lists all the instructions, along with the status flags
affected by each instruction.

Most word or byte-oriented W register instructions
(including barrel shift instructions) have three
operands:

» The first source operand, which is typically a
register ‘Wb’ without any address modifier

* The second source operand, which is typically a
register ‘Ws’ with or without an address modifier

» The destination of the result, which is typically a
register ‘Wd’ with or without an address modifier

However, word or byte-oriented file register instructions
have two operands:

» The file register specified by the value ‘f’

* The destination, which could be either the file
register ‘' or the WO register, which is denoted as
‘WREG’

Most bit-oriented instructions (including simple rotate/
shift instructions) have two operands:

* The W register (with or without an address
modifier) or file register (specified by the value of
‘Ws’ or )

» The bit in the W register or file register (specified
by a literal value or indirectly by the contents of
register ‘Wb’)

The literal instructions that involve data movement can

use some of the following operands:

A literal value to be loaded into a W register or file
register (specified by ‘k’)

» The W register or file register where the literal
value is to be loaded (specified by ‘Wb’ or f’)

However, literal instructions that involve arithmetic or
logical operations use some of the following operands:

» The first source operand, which is a register ‘Wb’
without any address modifier

* The second source operand, which is a literal
value

» The destination of the result (only if not the same
as the first source operand), which is typically a
register ‘Wd’ with or without an address modifier

The MAC class of DSP instructions can use some of the
following operands:

» The accumulator (A or B) to be used (required
operand)

* The W registers to be used as the two operands

* The X and Y address space prefetch operations

» The X and Y address space prefetch destinations

* The accumulator write back destination

The other DSP instructions do not involve any

multiplication and can include:

» The accumulator to be used (required)

» The source or destination operand (designated as
Wso or Wdo, respectively) with or without an
address modifier

» The amount of shift specified by a W register ‘Wn’
or a literal value

The control instructions can use some of the following
operands:
* A program memory address

* The mode of the Table Read and Table Write
instructions
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TABLE 30-7:

DC CHARACTERISTICS: IDLE CURRENT (IIDLE)

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
DC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Parilrgeter Typ. Max. Units Conditions

Idle Current (libLE)®)
DC40d 3 8 mA -40°C
DC40a 3 8 mA +25°C

3.3V 10 MIPS
DC40b 3 8 mA +85°C
DC40c 3 8 mA +125°C
DC42d 6 12 mA -40°C
DC42a 6 12 mA +25°C

3.3V 20 MIPS
DC42b 6 12 mA +85°C
DC42c 6 12 mA +125°C
DC44d 11 18 mA -40°C
DC44a 1 18 mA +25°C

3.3V 40 MIPS
DC44b 1 18 mA +85°C
DC44c 11 18 mA +125°C
DC45d 17 27 mA -40°C
DC45a 17 27 mA +25°C

3.3V 60 MIPS
DC45b 17 27 mA +85°C
DC45¢c 17 27 mA +125°C
DC46d 20 35 mA -40°C
DC46a 20 35 mA +25°C 3.3V 70 MIPS
DC46b 20 35 mA +85°C

Note 1: Base Idle current (IIDLE) is measured as follows:

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

CLKO is configured as an I/O input pin in the Configuration Word

All I/O pins are configured as inputs and pulled to Vss

MCLR = VDD, WDT and FSCM are disabled

No peripheral modules are operating; however, every peripheral is being clocked (all PMDx bits are
zeroed)

The NVMSIDL bit (NVMCON<12>) = 1 (i.e., Flash regulator is set to standby while the device is in
Idle mode)

The VREGSF bit (RCON<11>) = 0 (i.e., Flash regulator is set to standby while the device is in Sleep
mode)

JTAG is disabled
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TABLE 30-56: CTMU CURRENT SOURCE SPECIFICATIONS

Standard Operating Conditions:3.0V to 3.6V
unless otherwise stated
DC CHARACTERISTICS (Operating temperature -4)10°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
P;a\:sm Symbol Characteristic Min. Typ. Max. | Units Conditions
CTMU Current Source
CTMUI1 | louT1 Base Range 0.29 — 0.77 pA |CTMUICON<9:8> = 01
CTMUI2 |louT2 10x Range® 3.85 — 7.7 pA | CTMUICON<9:8> = 10
CTMUI3  |louT3 100x Range® 385 — 77 pA | CTMUICON<9:8> = 11
CTMUI4 |louT4 1000x Range® 385 — 770 pA | CTMUICON<9:8> = 00
CTMUFV1 | VF Temperature Diode Forward — 0.598 — \Y TA = +25°C,
Voltage(::2) CTMUICON<9:8> = 01
— 0.658 — V | TA=+25°C,
CTMUICON<9:8> =10
— 0.721 — V  |TA=+25°C,
CTMUICON<9:8> =11
CTMUFV2 | VFVR Temperature Diode Rate of — -1.92 — mV/°C | CTMUICON<9:8> = 01
Change(™2 — | 474 | — |mvrC|CTMUICON<9:8> =10
— -1.56 — mV/°C | CTMUICON<9:8> =11
Note 1. Nominal value at center point of current trim range (CTMUICON<15:10> = 000000).
2. Parameters are characterized but not tested in manufacturing.
3: Measurements taken with the following conditions:

* VREF+ = AVDD = 3.3V
» ADC configured for 10-bit mode
» ADC module configured for conversion speed of 500 ksps

* All PMDx
« Executing

bits are cleared (PMDx = 0)
awhil e(1l) statement

» Device operating from the FRC with no PLL
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TABLE 30-59: ADC MODULE SPECIFICATIONS (10-BIT MODE)

Standard Operating Cond(ilt)ions: 3.0V to 3.6V

unless otherwise stated

AC CHARACTERISTICS (Operating temperature -4)10°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
P;a\::m Symbol Characteristic Min. Typ. Max. | Units Conditions
ADC Accuracy (10-Bit Mode)

AD20b |Nr Resolution 10 Data Bits bits
AD21b |INL Integral Nonlinearity -0.625 — 0.625 | LSb |-40°C < TA<+85°C (Note 2)

-1.5 — 1.5 LSb |+85°C < TA <+125°C (Note 2)
AD22b |DNL Differential Nonlinearity -0.25 — 0.25 LSb |-40°C < Ta < +85°C (Note 2)

-0.25 — 0.25 LSb |+85°C < Ta<+125°C (Note 2)
AD23b |GERR Gain Error -2.5 — 25 LSb |-40°C < Ta < +85°C (Note 2)

-2.5 — 25 LSb |+85°C < TA <+125°C (Note 2)
AD24b | EOFF Offset Error -1.25 — 1.25 LSb |-40°C < TA<+85°C (Note 2)

-1.25 — 1.25 LSb |+85°C < TA <+125°C (Note 2)
AD25b — Monotonicity — — — — | Guaranteed

Dynamic Performance (10-Bit Mode)
AD30b |THD Total Harmonic Distortion® | — 64 — dB
AD31b | SINAD Signal to Noise and — 57 — dB
Distortion(®)
AD32b |SFDR Spurious Free Dynamic — 72 — dB
Range®

AD33b |FNYQ Input Signal Bandwidth(®) — 550 — kHz
AD34b |ENOB |Effective Number of Bits(®) — 9.4 — bits

Note 1: Device is functional at VBORMIN < VDD < VDDMIN, but will have degraded performance. Device functionality
is tested, but not characterized. Analog modules (ADC, op amp/comparator and comparator voltage
reference) may have degraded performance. Refer to Parameter BO10 in Table 30-13 for the minimum
and maximum BOR values.

2:  For all accuracy specifications, VINL = AVSS = VREFL = 0V and AVDD = VREFH = 3.6V.
3: Parameters are characterized but not tested in manufacturing.

© 2011-2013 Microchip Technology Inc. DS70000657H-page 461



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

ECAN Module

Control Registers ..........cocieiiiiiniiiee e
Modes of Operation ....
OVEIVIEW ...t
RESOUIMCES ... 289
Electrical Characteristics.............coccoooiiiiiiiiiii, 401
AC .. .. 413, 471
Enhanced CAN (ECAN) Module ............cccocveiiinnennienn. 287
Equations
Device Operating Frequency ...........cccccceevcvinneenceeens 154
FpPLLO Calculation.....................
Fvco Calculation..
Errata ..o
F
Filter Capacitor (CEFC) Specifications...........c.cccecevrceeenee. 403
Flash Program MemoOry ..........ccoocueiiiiiiiniiiieeiieeeieeess 119
Control RegISters ........coviiieiiiiie e 120
Programming Operations.. ....120
Resources...........cccee. ....120
RTSP Operation... ....120
Table INStructions...........cooceiiiiiee e 119
Flexible Configuration .............cccoiiiiiniiinne e 379
G
Guidelines for Getting Started...........cccccveiiiiiiiiiiiees 29
Application Examples
Basic Connection Requirements.............cccccoocinnennn. 29
CPU Logic Filter Capacitor Connection (VCAP) .......... 30
Decoupling Capacitors..........cocueeveeeieeieeeiieeeseee e
External Oscillator Pins..........ccccovioiiiiiieieeeeeee,
ICSP Pins....ccccoovvieiinnnne
Master Clear (MCLR) Pin
Oscillator Value Conditions on Start-up.............c........ 32
Unused 1/0S ..o 32
H
High-Speed PWM ..o 225
Control Registers .........cocieiiiiiiiiiiiee e 230
RESOUMCES......cviiiiiiiiicii s 229
High-Temperature Electrical Characteristics..................... 467
Absolute Maximum Ratings ........cccccccevviiiiiiieccnnen. 467
|
/O POIS ...ttt 173
Helpful Tips....... ... 181
Parallel 1/0 (P1O).. . 173
RESOUICES......oviiiiiiiicc s 182
Write/Read Timing .......cccocvvvieiiiiicceeeceeeee 174
In-Circuit Debugger-...... ....386
In-Circuit Emulation............cccoooiiiiiiiiiiiice 379
In-Circuit Serial Programming (ICSP). 379, 386
INPUL CaPUTE ... 213
Control RegISters ........covivieiiiiiieceie e 215
Resources
Input Change Notification (ICN) .........ccccoeciiiiiiiiiiiiis 174
Instruction Addressing Modes...........ccccecveeiniiienniiieenninenn. 112
File Register Instructions .............cccooiiveiiieiiiicnnns 112
Fundamental Modes Supported...........c.cccoeevieecieenns 112
MAC Instructions
MCU Instructions ...........cccoeiiiiiiiiiiiic s 112
Move and Accumulator Instructions............cccccceenees 113
Other Instructions............ccccviiiiiiiiic e 113

Instruction Set
Overview
Summary
Symbols Used in Opcode Descriptions .................... 388

Inter-Integrated Circuit (I2C) ............................................. 273
Control Registers
RESOUICES ...t

Internal RC Oscillator
Use With WD T .....ooiiiiiiicce e 385

Internet Address .........oocveeiiiiincie e 524

Interrupt Controller
Control and Status Registers

INTCONT ..o,
INTCON2Z....cuiiiiiie e
INTCONS.....eiiiiee e
INTCON4...
INTTREG ..ot

Interrupt Vector Details.........cccoeeveeiiiiiiieeeiiiie,

Interrupt Vector Table (IVT).....ccoociiiiiiiiiieeee

Reset Sequence..........ccceeiiiiiiiiiii e

RESOUICES ...
J
JTAG Boundary Scan Interface..........ccccevvivieniiiinnenene 379
JTAG INtErface .....c.oooeeiiieiee e 386
M
Memory Maps

Extended Data Space..........ccccvvevieeieiiiiiiieee e
Memory Organization ...........cccccceeueeciiriinneeiiese e

RESOUICES ...t
Microchip Internet Web Site
Modulo ADAressing........cccceveevieiieeiiereieee e

APPlICADIlItY ..o

Operation Example.....

Start and End Address ............

W Address Register Selection.....
MPLAB Assembler, Linker, Librarian............ccccccevnieennns
MPLAB ICD 3 In-Circuit Debugger .........c.ccccoceeniirucennen.
MPLAB PM3 Device Programmer ....................

MPLAB REAL ICE In-Circuit Emulator System
MPLAB X Integrated Development

Environment Software ...........ccoccoiiiiiiiiiin s 397
MPLAB X SIM Software Simulator .............cccoccvveiiiiennns 399
MPLIB Object Librarian
MPLINK Object Linker ..........ccccveiiiiiiiiiiiic e
0]

Op Amp
Application Considerations............cccccvveeveeeiicnieennnn. 358
Configuration A.........ccooiiiiinie e 358
Configuration B.........coocoiiiiiiiiiiniiiieeeeee e 359
Op Amp/Comparator ... 355

Control Registers.........coocuiiiieiiieiiiieccee e 360

RESOUICES ..o 359
Open-Drain Configuration...........cccocoiiiiiiiiiieeeees 174
Oscillator

Control Registers........ccoocuiiiieniiciiiieecccee e 156

RESOUICES ... 155
Output COMPATE ..ottt e 219

Control Registers.. 221

RESOUICES ... 220

© 2011-2013 Microchip Technology Inc.

DS70000657H-page 519



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

* Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

» General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

» Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com. Under “Support”, click on
“Customer Change Notification” and follow the
registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

» Local Sales Office

 Field Application Engineer (FAE)

» Technical Support

Customers  should contact their distributor,
representative or Field Application Engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical supportis available through the web site
at: http://microchip.com/support
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