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"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

60 MIPs

12C, IrDA, LINbus, SPI, UART/USART
Brown-out Detect/Reset, DMA, Motor Control PWM, POR, PWM, WDT
53

256KB (85.5K x 24)

FLASH

16K x 8

4.5V ~ 5.5V

A/D 36x10/12b

Internal

-40°C ~ 125°C (TA)

Surface Mount
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64-VQFN (9x9)
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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com. We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000000A is version A of document DS30000000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

» Microchip’s Worldwide Web site; http://www.microchip.com
» Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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dsPIC33EVXXXGMO00X/10X FAMILY

3.5 Programmer’s Model

The programmer’s model for the dsPIC33EVXXXGMO0OO0X/
10X family is shown in Figure 3-2. All registers in the
programmer’s model are memory-mapped and can be

In addition to the registers contained in the programmer’s
model, the dsPIC33EVXXXGMO0X/10X family devices
contain control registers for Modulo Addressing and Bit-
Reversed Addressing, and interrupts. These registers

are described in subsequent sections of this document.

manipulated directly by instructions. Table 3-1 lists a

description of each register.

TABLE 3-1:

All registers associated with the programmer’s model
are memory-mapped, as shown in Table 4-1.

PROGRAMMER’S MODEL REGISTER DESCRIPTIONS

Register(s) Name

Description

WO through W15

Working Register Array

WO through W14

Alternate Working Register Array 1

WO through W14(®

Alternate Working Register Array 2

ACCA, ACCB 40-Bit DSP Accumulators

PC 23-Bit Program Counter

SR ALU and DSP Engine STATUS Register

SPLIM Stack Pointer Limit Value Register

TBLPAG Table Memory Page Address Register

DSRPAG Extended Data Space (EDS) Read Page Register
RCOUNT REPEAT Loop Counter Register

DCOUNT DO Loop Count Register

DOSTARTH®, DOSTARTL®

DO Loop Start Address Register (High and Low)

DOENDH, DOENDL

DO Loop End Address Register (High and Low)

CORCON

Contains DSP Engine, DO Loop Control and Trap Status bits

Note 1:

Memory-mapped WO through W14 represents the value of the register in the currently active CPU context.

2. The DOSTARTH and DOSTARTL registers are read-only.

© 2013-2016 Microchip Technology Inc.
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TABLE 4-16: PERIPHERAL PIN SELECT OUTPUT REGISTER MAP FOR dsPIC33EVXXXGM006/106 DEVICES

SFR | Addr.| Bit15 | Bit14 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 gito | AN
Name Resets
RPORO | 0670 — — RP35R5 | RP35R4 | RP35R3 | RP35R2 | RP35R1 | RP35R0 — — RP20R5 | RP20R4 | RP20R3 | RP20R2 | RP20R1 | RP20RO | 0000
RPOR1 0672 — — RP37R5 | RP37R4 | RP37R3 | RP37R2 | RP37R1 | RP37R0O — — RP36R5 | RP36R4 | RP36R3 | RP36R2 | RP36R1 | RP36RO | 0000
RPOR2 | 0674 — — RP39R5 | RP39R4 | RP39R3 | RP39R2 | RP39R1 | RP39R0O — — RP38R5 | RP38R4 | RP38R3 | RP38R2 | RP38R1 | RP38RO | 0000
RPOR3 | 0676 — — RP41R5 | RP41R4 | RP41R3 | RP41R2 | RP41R1 | RP41R0O — — RP40R5 | RP40R4 | RP40R3 | RP40R2 | RP40R1 | RP40R0 | 0000
RPOR4 | 0678 — — RP43R5 | RP43R4 | RP43R3 | RP43R2 | RP43R1 | RP43R0O — — RP42R5 | RP42R4 | RP42R3 | RP42R2 | RP42R1 | RP42R0 | 0000
RPOR5 | 067A — — RP49R5 | RP49R4 | RP49R3 | RP49R2 | RP49R1 | RP49R0O — — RP48R5 | RP48R4 | RP48R3 | RP48R2 | RP48R1 | RP48R0O | 0000
RPOR6 | 067C — — RP55R5 | RP55R4 | RP55R3 | RP55R2 | RP55R1 | RP55R0 — — RP54R5 | RP54R4 | RP54R3 | RP54R2 | RP54R1 | RP54R0 | 0000
RPOR7 | 067E — — RP57R5 | RP57R4 | RP57R3 | RP57R2 | RP57R1 | RP57R0 — — RP56R5 | RP56R4 | RP56R3 | RP56R2 | RP56R1 | RP56R0O | 0000
RPORS8 | 0680 — — RP70R5 | RP70R4 | RP70R3 | RP70R2 | RP70R1 | RP70R0 — — RP69R5 | RP69R4 | RP69R3 | RP69R2 | RP69R1 | RP69RO | 0000
RPOR9 | 0682 — — RP118R5 | RP118R4 | RP118R3 | RP118R2 | RP118R1 | RP118R0 — — RP97R5 | RP97R4 | RP97R3 | RP97R2 | RP97R1 | RP97R0O | 0000
RPOR10 | 0684 — — RP176R5 | RP176R4 | RP176R3 | RP176R2 | RP176R1 | RP176R0 — — RP120R5 | RP120R4 | RP120R3 | RP120R2 | RP120R1 | RP120R0 | 0000
RPOR11 | 0686 — — RP178R5 | RP178R4 | RP178R3 | RP178R2 | RP178R1 | RP178R0 — — RP177R5 | RP177R4 | RP177R3 | RP177R2 | RP177R1 | RP177R0 | 0000
RPOR12 | 0688 — — RP180R5 | RP180R4 | RP180R3 | RP180R2 | RP180R1 | RP180R0 — — RP179R5 | RP179R4 | RP179R3 | RP179R2 | RP179R1 | RP179R0 | 0000
RPOR13 | 068A — — — — — — — — — — RP181R<5:0> 0000
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TABLE 4-23: INTERRUPT CONTROLLER REGISTER MAP FOR dsPIC33EVXXXGMO00X/10X FAMILY DEVICES (CONTINUED)

SFR | addr.| Bit1s | Bit1a | Bit13 | Bitl2 | Bit1l | Bit10 Bit9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 gito | A

Name Resets
IPC19 0866 — — — — — — — — — CTMUIP<2:0> — — — — 0040
IPC23 086E — PWM2IP2 | PWM2IP1 | PWM2IPO — PWM1IP2 | PWM1IP1 PWM1IPO — — — — — — — — 4400
IPC24 0870 — — — — — — — — — — — — — PWM3IP<2:0> 0004
IPC35 0886 — — — — — ICDIP<2:0> — — — — — — — — 0400
IPC43 0896 — — — — — — — — — 12C1BCIP<2:0> — — — — 0040
IPC45 089A — SENT1IP2 | SENT1IP1| SENT1IPO — SENT1EIP2 | SENT1EIP1 | SENT1EIPO — — — — — — — — 4400
IPC46 089C — — — — — ECCSBEIP2 | ECCSBEIP1 | ECCSBEIP0O — SENT2IP2 | SENT2IP1 | SENT2IPO — SENT2EIP2 | SENT2EIP1 | SENT2EIPO| 0444
INTCON1 | 08CO | NSTDIS | OVAERR | OVBERR | COVAERR | COVBERR OVATE OVBTE COVTE | SFTACERR | DIVOERR | DMACERR | MATHERR | ADDRERR | STKERR OSCFAIL — 0000
INTCON2| 08C2| GIE DISI SWTRAP — — — — AIVTEN — — — — — INT2EP INT1EP INTOEP 0000
INTCON3 | 08C4 | DMT — — — — — — — — — DAE DOOVR — — — — 0000
INTCON4 | 08C6 — — — — — — — — — — — — — — ECCDBE SGHT 0000
INTTREG | 08C8 — — — — — ILR3 ILR2 ILR1 VECNUM?7 | VECNUM6 | VECNUM5 | VECNUM4 | VECNUM3 | VECNUM2 | VECNUM1 | VECNUMO | 0000
Legend: — = unimplemented, read as ‘0’ Reset values are shown in hexadecimal.

Note 1:

This feature is available only on dsPIC33EVXXXGM10X devices.

ATINVA XOT/XO0NOXXXAIEEDILSP
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TABLE 4-29: PWM GENERATOR 2 REGISTER MAP

Nsafr?e Addr.| Bit15 | Bit14 | Bit13 | Bit12 | Bit1l Bit 10 Bit9 Bit8 Bit 7 Bit6 Bit5 Bit 4 Bit3 Bit 2 Bit1 BItO |4 ef\s”ets
PWMCON2 | 0C40 | FLTSTAT | CLSTAT | TRGSTAT| FLTIEN | CLEN | TRGIEN ITB MDCS | DTCt1 | DTCo | DTCP — _ CcAM XPRES IUE | 0000
IOCON2 |o0c42| PENH | PENL | POLH | POLL | PMOD1 | PMODO | OVRENH | OVRENL |OVRDAT1|OVRDATO| FLTDAT1 | FLTDATO | CLDAT1 | CLDATO | SWAP | OSYNC | 0000
FCLCON2 |oc44| — |cLSRc4| CLSRC3 | CLSRC2 | CLSRC1 | CLSRCO | CLPOL | CLMOD |FLTSRC4|FLTSRC3 | FLTSRC2 | FLTSRC1 | FLTSRCO | FLTPOL | FLTMOD1 | FLTMODO | 0000
PDC2 0c46 PDC2<15:0> 0000
PHASE2 | 0C48 PHASE2<15:0> 0000
DTR2 ocaa| — _ DTR2<13:0> 0000
ATDTR2 |ocac| — _ ALTDTR2<13:0> 0000
TRIG2 | 0C52 TRGCMP<15:0> 0000
TRGCON2 | ocs4 [TReDIV3[TRGDV2| TReDIVI [TRaDVO|  — [ — | — | — | — | — |TRGSIRT5|TRGSTRT4| TRGSTRT3| TRGSTRT2 | TRGSTRT1 | TRGSTRTO| 0000
PWMCAP2 | 0C58 PWMCAP2<15:0> 0000
LEBCON2 |0C5A| PHR | PHF PLR pF |FmeseN] cuesen | — [ — [ — [ — | Ben | oL | BeHH | BPHL | BPLH | BPLL | 0000
LEBDLY2 |ocsC| — _ _ _ LEB<11:0> 0000
AUXCON2 |ocsE| — _ _ — | BLANKSEL3] BLANKSEL2 | BLANKSEL1[BLANKSELO]  — [ — | CHOPSEL3|CHOPSEL2 | CHOPSEL1| CHOPSELO | CHOPHEN | CHOPLEN | 0000
Legend: — = unimplemented, read as ‘0. Reset values are shown in hexadecimal.

TABLE 4-30: PWM GENERATOR 3 REGISTER MAP

OFR|Addr | Bit1s | Biti4 | Bit13 | Bit12 | Bitll Bit 10 Bit9 Bit 8 Bit7 | Bité | Bit5 Bit4 Bit 3 Bit2 Bit1 BitO [l
PWMCON3 | 0C60 | FLTSTAT | CLSTAT [TRGSTAT| FLTIEN | CLEN [ TRGIEN T8 mDcs | DTct | DTco | DTCP — — cav | XxPRES | IUE [ 0000
IoCON3  |oc62| PENH | PENL | POLH | POLL | PMOD1 | PMODO | OVRENH | OVRENL |OVRDAT1|OVRDATO| FLTDAT1 | FLTDATO | CLDAT1 | CLDATO | SWAP | OSYNC | 0000
FCLCON3 |0c64| — | cCLsRc4 | CLSRC3|CLSRC2| CLSRC1 | CLSRCO | CLPOL | CLMOD | FLTSRC4 | FLTSRC3| FLTSRC2 | FLTSRC1 | FLTSRCO | FLTPOL | FLTMOD1 | FLTMODO | 0000
PDC3 | oces PDC3<15:0> 0000
PHASE3 | 068 PHASE3<15:0> 0000
DTR3  |oceA| — — DTR3<13:0> 0000
ALTDTR3 [oceC| — — ALTDTR3<13.0> 0000
TRIG3 | 0C72 TRGCMP<150> 0000
TRGCON3 | 0c74 | TRGDIV3| TRGDIV2 | TRGDIV1 [TReDVO|  — | — | — | — | — | — [TRGSTRT5| TRGSTRT4 | TRGSTRT3 | TRGSTRT2 | TRGSTRT1| TRGSTRTO| 0000
PWMCAP3 | 0C78 PWMCAP3<15:0> 0000
LeBcoNs [oc7a| PHR | PHF | PR | pPF |Fmesen|cuesen | — | — | — | — | BeH | o | BeHH | BPHL | BPLH | BPLL | 0000
LEBDLY3 |oc7C| — — — — LEB<11:0> 0000
AUXCON3 |0c7E|  — — — — | BLANKSEL3| BLANKSEL2 | BLANKSEL1 [ BLANKSELO|  — | — | CHOPSEL3| CHOPSEL2 | CHOPSEL1 | CHOPSELO | CHOPHEN | CHOPLEN | 0000
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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4.5

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

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 SFP and SSP, 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
incrementing buffers) or end address (for decrementing
buffers), based upon the direction of the 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).

4.5.1 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).

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

452 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 the registers that
operate with Modulo Addressing:

« IfXWM=1111, X RAGU and X WAGU Modulo
Addressing is disabled

« IfYWM=1111,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 ‘1111' and the XMODEN bit
(MODCON<15>) is set

The Y Address Space Pointer W register (YWM) to
which Modulo Addressing is to be applied is stored in
MODCON<7:4>. Modulo Addressing is enabled for Y
Data Space when YWM is set to any value other than
‘1111’ and the YMODEN bit (MODCON<14>) is set.

Figure 4-15 shows an example of Modulo Addressing
operation.

Note: Y Data Space Modulo Addressing EA
calculations assume word-sized data
(LSb of every EA is always clear).
FIGURE 4-15: MODULO ADDRESSING OPERATION EXAMPLE
Byte
Address MOV #0x1100, W
0x1100 MoV W0, XMODSRT ;set nodul o start address
MOV #0x1163, W
MoV W), MODEND ;set nodul o end address
MoV #0x8001, W
MoV W), MODCON ;enable WL, X AQU for nodul o
MoV #0x0000, W ;W holds buffer fill value
0x1163 MOV #0x1110, W ;point W to buffer
DO AGAI N, #0x31 ;fill the 50 buffer locations
Start Addr = 0x1100 MoV W), [WL++] ;fill the next location
End Addr = 0x1163 AGAIN. INC W, W ;increnent the fill value
Length = 32 Words

DS70005144E-page 76
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REGISTER 5-1: NVMCON: NONVOLATILE MEMORY (NVM) CONTROL REGISTER

R/SO-0 R/W-0 R/W-0 R/W-0 U-0 u-0 R/W-0 R/W-0
WR® WREN® | WRERR® [NVMSIDL® | — | — RPDF URERR
bit 15 bit 8
u-0 u-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — — NVMOP3(1:34| NvMOP2(:34) | NVMOP1(2:34) | NvMOPO(:3:4)
bit 7 bit 0
Legend: SO = Settable Only bit
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 WR: Write Control bit(!)

1 = Initiates a Flash memory program or erase operation; the operation is self-timed and the bit is
cleared by hardware once the operation is complete
0 = Program or erase operation is complete and inactive

bit 14 WREN: Write Enable bit(®

1 = Flash program or erase operations are enabled
0 = Flash program or erase operations are inhibited

bit 13 WRERR: Write Sequence Error Flag bit()

1 = Animproper program or erase sequence attempt, or termination has occurred (bit is set automatically
on any set attempt of the WR bit)
0 = The program or erase operation completed normally
bit 12 NVMSIDL: NVM Stop in Idle Control bit(?)

1 = Primary Flash operation discontinues when the device enters Idle mode
0 = Primary Flash operation continues when the device enters Idle mode.

bit 11-10 Unimplemented: Read as ‘0’
bit 9 RPDF: Row Programming Data Format Control bit

1 = Row data to be stored in RAM is in a compressed format

0 = Row data to be stored in RAM is in an uncompressed format
bit 8 URERR: Row Programming Data Underrun Error Flag bit

1 = Row programming operation has been terminated due to a data underrun error
0 = No data underrun has occurred

bit 7-4 Unimplemented: Read as ‘0’

Note 1: These bits can only be reset on a POR.

2: If this bit is set, there will be minimal power savings (lIDLE), and upon exiting Idle mode, there is a delay
(TVREG) before Flash memory becomes operational.

3: All other combinations of NVMOP<3:0> are unimplemented.
4: Execution of the PWNRSAV instruction is ignored while any of the NVM operations are in progress.
5: Two adjacent words on a 4-word boundary are programmed during execution of this operation.

DS70005144E-page 86 © 2013-2016 Microchip Technology Inc.



dsPIC33EVXXXGMO00X/10X FAMILY

TABLE 7-1: INTERRUPT VECTOR DETAILS (CONTINUED)

Interrupt Source V('a\lcotor I,\IT(? IVT Address interrupt B Locatlon. :
: : Flag Enable Priority
UART1 Error Interrupt (U1E) 73 65 0x000096 IFS4<1> IEC4<1> IPC16<6:4>
UART2 Error Interrupt (U2E) 74 66 0x000098 IFS4<2> IEC4<2> IPC16<10:8>
Reserved 76-77 | 68-69 | 0x00009C-0x00009E — — —
CAN1 TX Data Request (C1TX)®) 78 70 0x0000A0 IFS4<6> IEC4<6> IPC17<10:8>
Reserved 80 72 0x0000A4 — — —
Reserved 82 74 0x0000A8 — — —
Reserved 84 76 0x0000AC — — —
CTMU Interrupt (CTMU) 85 77 0x0000AE IFS4<13> | IEC4<13> IPC19<6:4>
Reserved 86-88 78-80 | 0x0000B0-0x0000B4 — — —
Reserved 92-94 84-86 | 0x0000BC-0x0000C0 — — —
Reserved 100-101 | 92-93 |0x0000CC-0x0000CE — — —
PWM Generator 1 (PWM1) 102 94 0x0000D0 IFS5<14> | |IEC5<14> IPC23<10:8>
PWM Generator 2 (PWM2) 103 95 0x0000D2 IFS5<15> | IEC5<15> | IPC23<14:12>
PWM Generator 3 (PWM3) 104 96 0x0000D4 IFS6<0> IEC6<0> IPC24<2:0>
Reserved 108-149 | 100-141 | 0x0000DC-0x00012E — — —
ICD Application (ICD) 150 142 0x000142 IFS8<14> | |IEC8<14> IPC35<10:8>
Reserved 152 144 0x000134 — — —
Bus Collision (12C1) — 173 0x00016E IFS10<13> | IEC10<13> IPC43<4:6>
SENT1 Error (SENT1ERR) — 182 0x000180 IFS11<6> | IEC11<6> IPC45<10:8>
SENT1 TX/RX (SENT1) — 183 0x000182 IFS11<7> | IEC11<7> | IPC45<14:12>
SENT2 Error (SENT2ERR) — 184 0x000184 IFS11<8> | IEC11<8> IPC46<2:0>
SENT2 TX/RX (SENT2) — 185 0x000186 IFS11<9> | IEC11<9> IPC46<6:4>
ECC Single-Bit Error (ECCSBE) — 186 0x000188 IFS11<10> | IEC11<10> | IPC45<10:8>
Reserved 159-245 | 187-245 | 0x000142-0x0001FE — — —
Lowest Natural Order Priority

Note 1: This interrupt source is available on dsPIC33EVXXXGM10X devices only.

© 2013-2016 Microchip Technology Inc. DS70005144E-page 99
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11.5.51 Mapping Limitations

The control schema of the peripheral select pins is not
limited to a small range of fixed peripheral configura-
tions. There are no mutual or hardware-enforced
lockouts between any of the peripheral mapping SFRs.
Literally any combination of peripheral mappings

across any or all of the RPn pins is possible. This
includes both many-to-one, and one-to-many map-
pings of peripheral inputs and outputs to pins. While
such mappings may be technically possible from a con-
figuration point of view, they may not be supportable
from an electrical point of view.

TABLE 11-3: OUTPUT SELECTION FOR REMAPPABLE PINS (RPn)

Function RPNnR<5:0> Output Name
Default Port 000000 RPn tied to Default Pin
U1TXx 000001 RPn tied to UART1 Transmit
uz2TXx 000011 RPn tied to UART2 Transmit
SDO2 001000 RPn tied to SPI2 Data Output
SCK2 001001 RPn tied to SPI2 Clock Output
SS2 001010 RPn tied to SPI2 Slave Select
C1TX 001110 RPn tied to CAN1 Transmit
ocC1 010000 RPn tied to Output Compare 1 Output
0C2 010001 RPn tied to Output Compare 2 Output
0C3 010010 RPn tied to Output Compare 3 Output
0OC4 010011 RPn tied to Output Compare 4 Output
c10UT 011000 RPn tied to Comparator Output 1
C20uUT 011001 RPn tied to Comparator Output 2
C30uUT 011010 RPn tied to Comparator Output 3
SYNCO1 101101 RPn tied to PWM Primary Time Base Sync Output
REFCLKO 110001 RPn tied to Reference Clock Output
C40UT 110010 RPn tied to Comparator Output 4
C50UT 110011 RPn tied to Comparator Output 5
SENT1 111001 RPn tied to SENT Out 1
SENT2 111010 RPn tied to SENT Out 2

DS70005144E-page 150
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REGISTER 14-11: DMTHOLDREG: DMT HOLD 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
UPRCNT<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
UPRCNT<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 UPRCNT<15:0>: Value of the DMTCNTH register when DMTCNTL and DMTCNTH were Last Read bits

Note 1: The DMTHOLDREG register is initialized to ‘0’ on Reset, and is only loaded when the DMTCNTL and

DMTCNTH registers are read.
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17.0 HIGH-SPEED PWM MODULE

Note 1: This data sheet summarizes the features of
the dsPIC33EVXXXGMO0X/10X family
of devices. It is not intended to be a
comprehensive reference source. To com-
plement the information in this data sheet,
refer to “High-Speed PWM” (DS70645) 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.

The dsPIC33EVXXXGMO0X/10X family devices
support a dedicated Pulse-Width Modulation (PWM)
module with up to 6 outputs.

The high-speed PWMx module consists of the
following major features:

* Three PWM Generators

+ Two PWM Outputs per PWM Generator

* Individual Period and Duty Cycle for each PWM Pair

» Duty Cycle, Dead Time, Phase Shift and
Frequency Resolution of 8.32 ns

* Independent Fault and Current-Limit Inputs for
Six PWM Outputs

* Redundant Output

» Center-Aligned PWM mode

* Output Override Control

» Chop mode (also known as Gated mode)

+ Special Event Trigger

 Prescaler for Input Clock

+ PWMxL and PWMxH Output Pin Swapping

* Independent PWM Frequency, Duty Cycle and
Phase-Shift Changes for each PWM Generator

* Dead-Time Compensation

» Enhanced Leading-Edge Blanking (LEB)
Functionality

* Frequency Resolution Enhancement
* PWM Capture Functionality

Note:  In Edge-Aligned PWM mode, the duty
cycle, dead time, phase shift and frequency
resolution are 8.32 ns at 60 MIPS.

The high-speed PWMx module contains up to three
PWM generators. Each PWM generator provides two
PWM outputs: PWMxH and PWMxL. The master time
base generator provides a synchronous signal as a
common time base to synchronize the various PWM
outputs. The individual PWM outputs are available on
the output pins of the device. The input Fault signals
and current-limit signals, when enabled, can monitor
and protect the system by placing the PWM outputs
into a known “safe” state.

Each PWMx can generate a trigger to the ADC module
to sample the analog signal at a specific instance
during the PWM period. In addition, the high-speed
PWMx module also generates a Special Event Trigger
to the ADC module based on the master time base.

The high-speed PWMx module can synchronize itself
with an external signal or can act as a synchronizing
source to any external device. The SYNCI1 input pin,
that utilizes PPS, can synchronize the high-speed
PWMx module with an external signal. The SYNCO1
pin is an output pin that provides a synchronous signal
to an external device.

Figure 17-1 illustrates an architectural overview of the
high-speed PWMx module and its interconnection with
the CPU and other peripherals.

171  PWM Faults

The PWMx module incorporates multiple external Fault
inputs as follows:

e FLT1 and FLTZ2, available on 28-pin, 44-pin and
64-pin packages, which are remappable using the
PPS feature

* FLT3, available on 44-pin and 64-pin packages,
which is available as a fixed pin

* FLT4-FLT8, available on 64-pin packages, which
are available as fixed pins

» FLT32 is available on a fixed pin on all devices

These Faults provide a safe and reliable way to safely
shut down the PWM outputs when the Fault input is
asserted.

17.1.1 PWM FAULTS AT RESET

During any Reset event, the PWMx module maintains
ownership of the Class B Fault, FLT32. At Reset, this
Faultis enabled in Latched mode to ensure the fail-safe
power-up of the application. The application software
must clear the PWM Fault before enabling the high-
speed motor control PWMx module. To clear the Fault
condition, the FLT32 pin must first be pulled low
externally or the internal pull-down resistor in the
CNPDx register can be enabled.

Note:  The Fault mode may be changed using
the FLTMOD<1:0> bits (FCLCONx<1:0>),
regardless of the state of FLT32.
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18.1 SPI Helpful Tips

1. In Frame mode, if there is a possibility that the
master may not be initialized before the slave:
a) If FRMPOL (SPIXCON2<13>) = 1, use a
pull-down resistor on SSx.
b) If FRMPOL = 0, use a pull-up resistor on
SSx.

Note: This insures that the first frame transmis-
sion after initialization is not shifted or
corrupted.

2. In Non-Framed 3-Wire mode (i.e., not using SSx
from a master):
a) If CKP (SPIXCON1<6>) = 1, always place a
pull-up resistor on SSx.
b) If CKP = 0, always place a pull-down
resistor on SSx.

Note:  This will insure that during power-up and
initialization, the master/slave will not lose
sync due to an errant SCKXx transition that
would cause the slave to accumulate data
shift errors, for both transmit and receive,
appearing as corrupted data.

3. FRMEN (SPIXCON2<15>) = 1 and SSEN
(SPIXCON1<7>) = 1 are exclusive and invalid.
In Frame mode, SCKXx is continuous and the
Frame Sync pulse is active on the SSx pin,
which indicates the start of a data frame.

Note:  Not all third-party devices support Frame
mode timing. For more information, refer
to the SPI specifications in Section 30.0
“Electrical Characteristics”.

4. In Master mode only, set the SMP bit
(SPIXCON1<9>) to a ‘1’ for the fastest SPI data
rate possible. The SMP bit can only be set at the
same time or after the MSTEN bit
(SPIXCON1<5>) is set.

To avoid invalid slave read data to the master, the
user's master software must ensure enough time for
slave software to fill its write buffer before the user
application initiates a master write/read cycle. It is
always advisable to preload the SPIxBUF Transmit
register in advance of the next master transaction
cycle. SPIXBUF is transferred to the SPIx Shift register
and is empty once the data transmission begins.
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REGISTER 21-1: UxMODE: UARTx MODE REGISTER (CONTINUED)

bit 5 ABAUD: Auto-Baud Enable bit
1 = Baud rate measurement on the next character is enabled — requires reception of a Sync field (55h)
before other data; cleared in hardware upon completion
0 = Baud rate measurement is disabled or has completed
bit 4 URXINV: UARTX Receive Polarity Inversion bit
1 = UxRX Idle state is ‘0’
0 = UxRX Idle state is ‘1’
bit 3 BRGH: High Baud Rate Enable bit
1 = BRG generates 4 clocks per bit period (4x baud clock, High-Speed mode)
0 = BRG generates 16 clocks per bit period (16x baud clock, Standard mode)
bit 2-1 PDSEL<1:0>: Parity and Data Selection bits
11 = 9-bit data, no parity
10 = 8-bit data, odd parity
01 = 8-bit data, even parity
00 = 8-bit data, no parity
bit 0 STSEL: Stop Bit Selection bit
1 = Two Stop bits
0 = One Stop bit

Note 1: Referto“Universal Asynchronous Receiver Transmitter (UART)” (DS70000582) in the
“dsPIC33/PIC24 Family Reference Manual” for information on enabling the UART module for receive or
transmit operation.

2: This feature is only available for the 16x BRG mode (BRGH = 0).

This feature is only available on 44-pin and 64-pin devices.

4: This feature is only available on 64-pin devices.

w
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REGISTER 22-2: CxCTRL2: CANx 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 U-0 R-0 R-0 R-0 R-0 R-0
_ — — DNCNT<4:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-5 Unimplemented: Read as ‘0’
bit 4-0 DNCNT<4:0>: DeviceNet™ Filter Bit Number bits

10010-11111 = Invalid selection
10001 = Compare up to Data Byte 3, bit 6 with EID<17>

00001 = Compare up to Data Byte 1, bit 7 with EID<0>
00000 = Do not compare data bytes
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REGISTER 22-10: CxCFG2: CANx BAUD RATE CONFIGURATION REGISTER 2

uU-0 R/W-x U-0 uU-0 uU-0 R/W-x R/W-x R/W-x
— WAKEFIL — — — SEG2PH2 SEG2PH1 SEG2PHO
bit 15 bit 8
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
SEG2PHTS SAM SEG1PH2 | SEG1PH1 | SEG1PHO PRSEG2 PRSEG1 PRSEGO
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 Unimplemented: Read as ‘0’
bit 14 WAKFIL: Select CAN Bus Line Filter for Wake-up bit
1 = Uses CAN bus line filter for wake-up
0 = CAN bus line filter is not used for wake-up
bit 13-11 Unimplemented: Read as ‘0’
bit 10-8 SEG2PH<2:0>: Phase Segment 2 bits

111 = Lengthis 8 x TQ

000 = Lengthis 1 x TQ
bit 7 SEG2PHTS: Phase Segment 2 Time Select bit
1 = Freely programmable

0 = Maximum of SEG1PH<2:0> bits or Information Processing Time (IPT), whichever is greater

bit 6 SAM: Sample of the CAN Bus Line bit
1 = Bus line is sampled three times at the sample point
0 = Bus line is sampled once at the sample point

bit 5-3 SEG1PH<2:0>: Phase Segment 1 bits
111 =Lengthis 8 x TQ

000 = Lengthis 1 x TaQ
bit 2-0 PRSEG<2:0>: Propagation Time Segment bits
111 =Lengthis 8 x TQ

000 = Lengthis 1 x TQ
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BUFFER 22-3: CANx MESSAGE BUFFER WORD 2
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
EID5 EID4 EID3 EID2 EID1 EIDO RTR RB1
bit 15 bit 8
U-x U-x U-x R/W-x R/W-x R/W-x R/W-x R/W-x
— — — RBO DLC3 DLC2 DLCA1 DLCO
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 15-10 EID<5:0>: Extended Identifier bits
bit 9 RTR: Remote Transmission Request bit
When IDE = 1:
1 = Message will request remote transmission
0 = Normal message
When IDE = 0:
The RTR bit is ignored.
bit 8 RB1: Reserved Bit 1
User must set this bit to ‘0’ per CAN protocol.
bit 7-5 Unimplemented: Read as ‘0’
bit 4 RBO: Reserved Bit 0
User must set this bit to ‘0’ per CAN protocol.
bit 3-0 DLC<3:0>: Data Length Code bits
BUFFER 22-4: CANx MESSAGE BUFFER WORD 3
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
Byte 1<15:8>
bit 15 bit 8
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
Byte 0<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 15-8 Byte 1<15:8>: CANx Message Byte 1 bits
bit 7-0 Byte 0<7:0>: CANx Message Byte 0 bits
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29.2 MPLAB XC Compilers

The MPLAB XC Compilers are complete ANSI C
compilers for all of Microchip’s 8, 16, and 32-bit MCU
and DSC devices. These compilers provide powerful
integration capabilities, superior code optimization and
ease of use. MPLAB XC Compilers run on Windows,
Linux or MAC OS X.

For easy source level debugging, the compilers provide
debug information that is optimized to the MPLAB X
IDE.

The free MPLAB XC Compiler editions support all
devices and commands, with no time or memory
restrictions, and offer sufficient code optimization for
most applications.

MPLAB XC Compilers include an assembiler, linker and
utilities. The assembler generates relocatable object
files that can then be archived or linked with other relo-
catable object files and archives to create an execut-
able file. MPLAB XC Compiler uses the assembler to
produce its object file. Notable features of the assem-
bler include:

» Support for the entire device instruction set

» Support for fixed-point and floating-point data

+ Command-line interface

* Rich directive set

 Flexible macro language

* MPLAB X IDE compatibility

29.3 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for PIC10/12/16/18 MCUs.

The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code, and COFF files for
debugging.

The MPASM Assembler features include:

* Integration into MPLAB X IDE projects

» User-defined macros to streamline
assembly code

» Conditional assembly for multipurpose
source files

» Directives that allow complete control over the
assembly process

29.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembiler. It can link
relocatable objects from precompiled libraries, using
directives from a linker script.

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications.

The object linker/library features include:
« Efficient linking of single libraries instead of many
smaller files

* Enhanced code maintainability by grouping
related modules together

» Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

29.5 MPLAB Assembler, Linker and
Librarian for Various Device
Families

MPLAB Assembler produces relocatable machine
code from symbolic assembly language for PIC24,
PIC32 and dsPIC DSC devices. MPLAB XC Compiler
uses the assembler to produce its object file. The
assembler generates relocatable object files that can
then be archived or linked with other relocatable object
files and archives to create an executable file. Notable
features of the assembler include:

+ Support for the entire device instruction set

+ Support for fixed-point and floating-point data
» Command-line interface

* Rich directive set

* Flexible macro language

+ MPLAB X IDE compatibility
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FIGURE 30-10: HIGH-SPEED PWMx MODULE FAULT TIMING CHARACTERISTICS
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FIGURE 30-11: HIGH-SPEED PWMx MODULE TIMING CHARACTERISTICS
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Note: Refer to Figure 30-1 for load conditions.

TABLE 30-29: HIGH-SPEED PWMx MODULE TIMING REQUIREMENTS

Standard Operating Conditions: 4.5V to 5.5V

(unless otherwise stated)
AC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended

Pilrc?m Symbol Characteristic() Min. | Typ. | Max. | Units Conditions
MP10 | TFPWM PWMx Output Fall Time — — — ns See Parameter DO32
MP11 TRPWM PWMx Output Rise Time — — — ns |See Parameter DO31
MP20 |TFD Fault Input { to PWMx — — 15 ns

I/O Change
MP30 |TFH Fault Input Pulse Width 15 — — ns

Note 1: These parameters are characterized but not tested in manufacturing.
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FIGURE 30-23: SPI1 MASTER MODE (FULL-DUPLEX, CKE =0, CKP =x, SMP =1)

TIMING CHARACTERISTICS
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Note: Refer to Figure 30-1 for load conditions.
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