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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

50 MIPs

12C, IrDA, LINbus, SPI, UART/USART
Brown-out Detect/Reset, QEIl, POR, PWM, WDT
85

32KB (32K x 8)

FLASH

4K x 8

3V ~ 3.6V

A/D 24x10b; D/A 1x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

100-TQFP

100-TQFP (14x14)
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dsPIC33FJ32GS406/606/608/610 and dsPIC33FJ64GS406/606/608/610

Pin Diagrams (Continued)

100-Pin TQFP l = Pins are up to 5V tolerant

PWMB3L/RE4
PWM2H/RE3
PWM2L/RE2
PWMOH/RG13
PWMIL/RG12
SYNCOL/FLT23/RG14
PWM1H/REL
PWMIL/FLTS/REO
AN23/CN23/RA7
AN22/CN22/RA6
INDX2/RGO
QEB2/RG1

CITX/RF1
PWMS5H/UPDN1/CN16/RD7

PWM5L/CN15/RD6
PWM7L/CN19/RD13
OC2/SYNCO2/FLT6/RD1

PWM6H/CN14/RD5
QEA2/RD12

C1RX/RFO
PWM6L/CN13/RD4
PWM7H/OC4/RD3
OC3/FLT7/RD2

VDD
Vcap

o
o
—

SYNCIL/RG15 | 1° 75 Vss
VoD 2 74 PGEC2/SOSCO/T1CK/CNO/RC14
PWM3H/RES 3 73 PGED2/SOSCI/CN1/RC13
PWMA4L/RE6 4 72 OC1/QEB1/FLT5/RDO
PWM4H/RE7 5 71 IC4/QEAL/FLT4/RD11
AN16/T2CK/RC1 6 70 IC3/INDX1/FLT3/RD10
AN17/T3CK/RC2 7 69 IC2/FLT2/RD9
AN18/T4CK/RC3 8 68 ICL/FLT1/RD8
AN19/T5CK/RC4 9 67 INT4/FLT19/SYNCI4/RA15
SCK2/FLT12/CN8/RG6 10 66 INT3/FLT20/RA14
SDI2/FLT11/CN9/RG7 11 65 Vss
SDO2/FLT10/CN10/RG8 12 64 OSC2/REFCLKO/CLKO/RC15
MCLR 13 dsPIC33FJ64GS610 63 OSC1/CLKIN/RC12
SS2/FLT9/CN11/RGY 14 62 VDD
Vss 15 61 TDO/RAS
voo[ 16 60 TDI/RA4
TMS/RAO Il 17 59 SDA2/FLT21/RA3
AN20/FLT13/INTL/RE8 18 58 SCL2/FLT22/RA2
AN21/FLT14/INT2/RES[] 19 57 SCL1/RG2
ANS5/CMP3B/AQEBL/CN7/RBS [ 20 56 SDAL/RG3
AN4/CMP2C/CMP3A/AQEAL/CN6/RBA ] 21 55 SCKL/INTO/RF6
AN3/CMP2B/AINDX1/CN5/RB3[] 22 54 SDIT/RF7
AN2/CMP1C/ICMP2A/ASS1/CN4/RB2 23 53 SDOLRF8
PGEC3/AN1/CMP1B/CN3/RB1[] 24 52 U1RX/RE2
PGED3/ANO/CMP1A/CMPAC/CN2/RBOL] 25 51 ULTX/RF3
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NOTES:
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TABLE 4-16: HIGH-SPEED PWM REGISTER MAP

N’;'ﬁe o | Bitas | Bita4 | Bit13 | Bitl2 | Bitll | Bit10 |  Bit9 Bit8 Bit 7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit1 B0 | e’;'éts
PTCON | 0400| PTEN — | PrsIDL | SESTAT | SEIEN | EIPU | SYNCPOL | SYNCOEN | SYNCEN | SYNCSRC2 | SYNCSRCI | SYNCSRCO| SEVIPS3 | SEVTPS2 | SEVTPSI | SEVTPSO | 0000
PTCON2 |0402| — _ _ _ _ _ _ _ _ _ _ _ _ PCLKDIV<2:0> 0000
PTPER | 0404 PTPER<15:0> FFF8
SEVTCMP | 0406 SEVTCMP<12:0> . — 1 — 1 - 0000
MDC 040A MDC<15:0> 0000
STCON  |040E| — _ — | sestar | seen | EPu | syncpoL | sYNCOEN | SYNCEN | syNcsrez | syncsRet | syncsreo| sEVTPs | sEvipsz | sevpst | sEviPso | 0000
STCON2 | 0410 — _ _ _ _ _ _ _ _ _ _ _ _ PCLKDIV<2:0> 0000
STPER | 0412 STPER<15:0> FFF8
SSEVTCMP | 0414 SSEVTCMP<15:3> _ _ _ 0000
CHoP osalcwreken] — | — | — | — | — [cHopciks]cHopeLks | cHopeLKa | cHOPCLKS | cHOPCLK2 [ cHoPCLKt | cHoPeLko | — _ _ 0000
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-17: HIGH-SPEED PWM GENERATOR 1 REGISTER MAP

wle |SPR| Bit1s | Bit14 | Bit13 | Bit12 | Bit1l Bit 10 Bit 9 Bit8 Bit7 | Bit6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit0 | Al
PWMCONL|0420| FLTSTAT | CLSTAT [TRGSTAT| FLTIEN | CLEEN | TRGIEN ITB MDCS | DTCl | DTco | DTcp — MTBS CAM | XPRES IUE | 0000
IOCONL |0422| PENH | PENL | POLH | POLL | PMODL | PMODO | OVRENH | OVRENL |OVRDAT1|OVRDATO| FLTDATL | FLTDATO | CLDATL | CLDATO | SWAP | OSYNC | 0000
FCLCON1 |0424[IFLTMOD| cLSRC4| cLSRc3 | cLsRc2| cLsrci | cLsrRco | cLpoL | cLmob |FLTSRca|FLTSRe3 | FLTSRC2 | FLTSRCL | FLTSRco | FLTPOL | FLTMODL | FLTMODO | 0000
PDCL  |0426 PDC1<15:0> 0000
PHASEL |0428 PHASE1<15:0> 0000
DTRL  |0d2a| — — DTR1<13:0> 0000
ALTDTRL |o42c| — — ALTDTR1<13:0> 0000
sbcl  |042E SDC1<15:0> 0000
SPHASEL |0430 SPHASE1<15:0> 0000
TRIGL  |0432 TRGCMP<12:0> — _ _ 0000
TRGCON1 |0434|TRGDIV3[TRGDIVZ| TRGDIVL[TRGDIVO]  — [ — — | — | om | — [rResTRTS|TRGSTRT4|TRGSTRTS| TRGSTRT2 | TRGSTRTL | TRGSTRTO | 0000
STRIGL 0436 STRGCMP<12:0> — _ _ 0000
PWMCAP1|0438 PWMCAP<12:0> — _ _ 0000
LEBCONL [043A] PHR | PHF | PR | PP [FmieBen|cuesen| — | — | — | — | Ben | Bol | BPHH | BPHL | BPLH BPLL | 0000
LEBDLY1 |o43c| — — — — LEB<8:0> — — _ 0000
AUXCONL |043E| HRPDIS | HRDDIS | — —  |BLANKSEL3|BLANKSEL2|BLANKSEL1[BLANKSELO] — | —  |CHOPSEL3|CHOPSEL2|CHOPSEL1|CHOPSELO| CHOPHEN | CHOPLEN | 0000
Legend:  x =unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TABLE 4-25: HIGH-SPEED PWM GENERATOR 9 REGISTER MAP FOR dsPIC33FJ32GS610 AND dsPIC33FJ64GS610 DEVICES
er'se oo | Bits | Bit1a | Bit13 | Bit12 | Bit1l Bit 10 Bit9 Bit8 Bit7 | Bit6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit0 | e’;'éts

PWMCONS | 0520 | FLTSTAT | CLSTAT | TRGSTAT| FLTIEN | CLEN | TRGIEN B MDCS | DTCL | DTcO | DTCP — MTBS CAM | XPRES IUE | 0000
IOCON9 |0522| PENH | PENL | POLH | POLL | PMODL | PMODO | OVRENH | OVRENL |OVRDATL|OVRDATO| FLTDATL | FLTDATO | CLDATL | CLDATO | SWAP | OSYNC | 0000
FCLCON9 | 0524 | IFLTMOD | CLSRC4 | CLSRC3 | CLSRC2| CLSRCL | CLSRCO | CLPOL | CLMOD |FLTSRC4|FLTSRC3| FLTSRC2 | FLTSRCL | FLTSRCO | FLTPOL | FLTMODL | FLTMODO | 0000
PDCY 0526 PDC9<15:0> 0000
PHASE9 | 0528 PHASE9<15:0> 0000
DTR9 052 — _ DTR9<13:0> 0000
ALTDTRO |052a| — _ ALTDTR9<13:0> 0000
spcy 052E SDCO<15:0> 0000
SPHASE9 | 0530 SPHASE9<15:0> 0000
TRIGO | 0532 TRGCMP<15:0> 0000
TRGCONg | 0534 [ TRGDIV3| TReDIV2 [ TReDIVI [TRGDM|  — | — | — | — [ o | — |TRGSTRTS| TRGSTRT4| TRGSTRT3| TRGSTRT2 | TRGSTRTL| TRGSTRTO| 0000
STRIGO | 0536 STRGCMP<15:0> 0000
PWMCAP9 | 0538 PWMCAP<12:0> — _ — | oooo
LEBCON9 |053A| PHR | PHF PLR pr |Fmesen [cuesen | — | — | — | — [ B | B | eewH BPHL BPLH BPLL | 0000
LEBDLYS |o0s3c| — _ _ _ LEB<8:0> — _ — | oooo
AUXCON9 | 053E | HRPDIS | HRDDIS | — — | BLANKSEL3 | BLANKSEL2 | BLANKSELL [BLANKSELO]  — | — [ CHOPSEL3| CHOPSEL2 | CHOPSEL1 | CHOPSELO | CHOPHEN | CHOPLEN | 0000
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TABLE 4-49: PORTE REGISTER MAP FOR dsPIC33FJ32GS608/610 AND dsPIC33FJ64GS608/610 DEVICES
File | SFR | gii15 | Bit14 | Bit13 | Bit12 | Bit1l | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 Bit5 | Bit4 Bit 3 Bit2 | Bit1 | sito | A"
Name | Addr Resets
TRISE 02EO0 — — — — — — TRISE<9:0> 03FF
PORTE 02E2 — — — — — — RE<9:0> XXXX
LATE 02E4 — — — — — — LATE<9:0> 0000
ODCE | 0266 | — _ _ _ _ _ — ] ODCE<7:0> 0000
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-50: PORTE REGISTER MAP FOR dsPIC33FJ32GS406/606 AND dsPIC33FJ64GS406/606 DEVICES
File SFR . . . . . . . . ) . ) . ) . . . All
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 Bit1 Bit 0 Resets
TRISE 02EO0 — — — — — — — — TRISE<7:0> 00FF
PORTE | 02E2 — — — — — — — — RE<7:0> XXXX
LATE 02E4 — — — — — — — — LATE<7:0> 0000
ODCE 02E6 — — — — — — — — ODCE<7:0> 0000
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-51: PORTF REGISTER MAP FOR dsPIC33FJ32GS610 AND dsPIC33FJ64GS610 DEVICES
File | SFR | 15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bits8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 Bit2 | Bit1 | Bito | A
Name | Addr Resets
TRISF 02E8 — — TRISF<13:12> — — — TRISF<8:0> 30FF
PORTF 02EA — — RF<13:12> — — — RF<8:0> XXXX
LATF 02EC — — LATF<13:12> — — — LATF<8:0> 0000
ODCF | O02EE| — — ODCF<13:12> — — — ODCF<8:6> ] ODCF<3:1> — | oooo
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-52: PORTF REGISTER MAP FOR dsPIC33FJ32GS608 AND dsPIC33FJ64GS608 DEVICES
File | SFR | pgi15 | Bit14 | Bit13 | Bit12 | Bit1l | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 Bit5 | Bit4 Bit 3 Bit2 | Bit1 | Bito | A
Name | Addr Resets
TRISF 02E8 — — — — — — — TRISF<8:0> O1FF
PORTF 02EA — — — — — — — RF<8:0> XXXX
LATF 02EC — — — — — — — LATF<8:0> 0000
ODCF | 02EE| — — — — — — — ODCF<8:6> — ] ODCF<3:1> — 0000
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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dsPIC33FJ32GS406/606/608/610 and dsPIC33FJ64GS406/606/608/610

4.4.3 MODULO ADDRESSING
APPLICABILITY

Modulo Addressing can be applied to the Effective
Address (EA) calculation associated with any W
register. Address boundaries check for addresses
equal to:

» Upper boundary addresses for incrementing buffers
» Lower boundary addresses for decrementing buffers

It is important to realize that the address boundaries
check for addresses less than or greater than the upper
(for incrementing buffers) and lower (for decrementing
buffers) boundary addresses (not just equal to).
Address changes can, therefore, jump beyond
boundaries and still be adjusted correctly.

Note:  The modulo corrected Effective Address
is written back to the register only when
Pre-Modify or Post-Modify Addressing
mode is used to compute the Effective
Address. When an address offset (such
as [W7 + W2]) is used, Modulo Addressing
correction is performed but the contents of

451 BIT-REVERSED ADDRESSING
IMPLEMENTATION

Bit-Reversed Addressing mode is enabled in any of
these situations:

* BWNMX bits (W register selection) in the MODCON
register are any value other than ‘15’ (the stack
cannot be accessed using Bit-Reversed
Addressing)

« The BREN bit is set in the XBREV register

» The addressing mode used is Register Indirect
with Pre-Increment or Post-Increment

If the length of a bit-reversed buffer is M = 2N bytes,
the last ‘N’ bits of the data buffer start address must
be zeros.

XB<14:0> is the Bit-Reversed Addressing modifier, or
‘pivot point,” which is typically a constant. In the case of
an FFT computation, its value is equal to half of the FFT
data buffer size.

the register remain unchanged.

4.5 Bit-Reversed Addressing

Bit-Reversed Addressing mode is intended to simplify
data re-ordering for radix-2 FFT algorithms. It is
supported by the X AGU for data writes only.

The modifier, which can be a constant value or register
contents, is regarded as having its bit order reversed. The
address source and destination are kept in normal order.
Thus, the only operand requiring reversal is the modifier.

Note:  All bit-reversed EA calculations assume
word-sized data (LSb of every EA is
always clear). The XB value is scaled
accordingly to generate compatible (byte)
addresses.

When enabled, Bit-Reversed Addressing is executed
only for Register Indirect with Pre-Increment or Post-
Increment Addressing and word-sized data writes. It
will not function for any other addressing mode or for
byte-sized data and normal addresses are generated
instead. When Bit-Reversed Addressing is active, the
W Address Pointer is always added to the address
modifier (XB) and the offset associated with the Regis-
ter Indirect Addressing mode is ignored. In addition, as
word-sized data is a requirement, the LSb of the EA is
ignored (and always clear).

Note: Modulo Addressing and Bit-Reversed
Addressing should not be enabled
together. If an application attempts to do
so, Bit-Reversed Addressing will assume
priority when active for the X WAGU and X
WAGU, and Modulo Addressing will be
disabled. However, Modulo Addressing will
continue to function in the X RAGU.

If Bit-Reversed Addressing has already been enabled
by setting the BREN (XBREV<15>) bit, a write to the
XBREYV register should not be immediately followed by
an indirect read operation using the W register that has
been designated as the Bit-Reversed Pointer.

DS7000591F-page 102
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dsPIC33FJ32GS406/606/608/610 and dsPIC33FJ64GS406/606/608/610

FIGURE 4-8: BIT-REVERSED ADDRESS EXAMPLE
Sequential Address
b15|b14|b13|b12|b11|b10| b9 | b8 | b7 | b6 | b5 | b4 | b3 | b2 | bl| O
Bit Locations Swapped Left-to-Right
Y Around Center of Binary Value
b15|b14|b13| b12|b11|b10| b9 | b8 | b7 | b6 | b5| bl | b2 | b3 | b4 | O
Bit-Reversed Address
Pivot Point
XB = 0x0008 for a 16-Word Bit-Reversed Buffer
TABLE 4-67: BIT-REVERSED ADDRESS SEQUENCE (16-ENTRY)
Normal Address Bit-Reversed Address

A3 A2 Al A0 Decimal A3 A2 Al A0 Decimal
0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 0 0 0 8

0 0 1 0 2 0 1 0 0 4

0 0 1 1 3 1 1 0 0 12

0 1 0 0 4 0 0 1 0 2

0 1 0 1 5 1 0 1 0 10

0 1 1 0 6 0 1 1 0 6

0 1 1 1 7 1 1 1 0 14

1 0 0 0 8 0 0 0 1

1 0 0 1 9 1 0 0 1

1 0 1 0 10 0 1 0 1

1 0 1 1 11 1 1 0 1 13

1 1 0 0 12 0 0 1 1 3

1 1 0 1 13 1 0 1 1 11

1 1 1 0 14 0 1 1 1 7

1 1 1 1 15 1 1 1 1 15

© 2009-2014 Microchip Technology Inc.
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dsPIC33FJ32GS406/606/608/610 and dsPIC33FJ64GS406/606/608/610

FIGURE 4-9: DATA ACCESS FROM PROGRAM SPACE ADDRESS GENERATION
Program Counter(®) 0 Program Counter 0
L 23 Bits |
I [
| '
o | EA 1/0
Table Operations(® 1/ 0] TBLPAG I
|<—'—>
[T
| | 24 Bits : :
| | | |
. |
Select
I [1]) EA It
N Y
Program Space Visibility> .
(Remapping) 0 ____PsveAG | =
o 8 Bits T 15 Bits |
NG L
! T ' 23 Bits T
User/Configuration Byte Select

Space Select

Note 1: The Least Significant bit (LSb) of program space addresses is always fixed as ‘0’ to maintain word
alignment of data in the program and data spaces.
2: Table operations are not required to be word-aligned. Table Read operations are permitted in the
configuration memory space.

© 2009-2014 Microchip Technology Inc. DS7000591F-page 105



dsPIC33FJ32GS406/606/608/610 and dsPIC33FJ64GS406/606/608/610

REGISTER 7-16: IEC3: INTERRUPT ENABLE CONTROL REGISTER 3

U-0 U-0 U-0 U-0 U-0 R/W-0 R/W-0 U-0
— — — — — | oQEmwE | PSEME —
bit 15 bit 8
U-0 R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0 U-0
— INT4IE INT3IE — — MI2C2IE SI2C2IE —
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 15-11 Unimplemented: Read as ‘0’
bit 10 QEILIE: QEI1 Event Interrupt Enable bit

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

bit 9 PSEMIE: PWM Special Event Match Interrupt Enable bit

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

bit 8-7 Unimplemented: Read as ‘0’
bit 6 INT4IE: External Interrupt 4 Enable bit

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

bit 6 INT3IE: External Interrupt 3 Enable bit

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

bit 4-3 Unimplemented: Read as ‘0’
bit 2 MI2C2IE: 12C2 Master Events Interrupt Enable bit

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

bit 1 SI2C2IE: 12C2 Slave Events Interrupt Enable bit

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

bit 0 Unimplemented: Read as ‘0’

© 2009-2014 Microchip Technology Inc. DS70000591F-page 147



dsPIC33FJ32GS406/606/608/610 and dsPIC33FJ64GS406/606/608/610

8.0 DIRECT MEMORY ACCESS

(DMA)

Note 1: This data sheet summarizes the features
of the dsPIC33FJ32GS406/606/608/610
and  dsPIC33FJ64GS406/606/608/610
family of devices. However, it is not
intended to be a comprehensive reference
source. To complement the information
in this data sheet, refer to “Direct
Memory Access (DMA)” (DS70182) in
the “dsPIC33/PIC24 Family Reference
Manual”, which is available from the
Microchip web site (www.microchip.com).
The information in this data sheet
supersedes the information in the FRM.

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

Direct Memory Access (DMA) is a very efficient
mechanism of copying data between peripheral SFRs
(e.g., the UART Receive register and Input Capture 1
buffer) and buffers, or variables stored in RAM, with
minimal CPU intervention. The DMA Controller
(DMAC) can automatically copy entire blocks of data
without requiring the user software to read or write the
peripheral Special Function Registers (SFRs) every
time a peripheral interrupt occurs. The DMA Controller
uses a dedicated bus for data transfers and, therefore,
does not steal cycles from the code execution flow of
the CPU. To exploit the DMA capability, the
corresponding user buffers or variables must be
located in DMA RAM.

The DMA module is not available on
dsIPC33FJ32GS406/606/608/610 and
dsPIC33FJ64GS406 devices.

Note:

The peripherals that can utilize DMA are listed in
Table 8-1 along with their associated Interrupt Request
(IRQ) numbers.

and bit information.

TABLE 8-1: DMA CONTROLLER CHANNEL TO PERIPHERAL ASSOCIATIONS
Peripheral to DMA Association DMAXREQ Begls_ter \Zl}/lu/:;ig%saeg:‘srf)er; DV'\QIAI\J);ZA;(? \?V?ic“::::sr
IRQSEL<6:0> Bits . .
Peripheral Peripheral

INTO — External Interrupt O 0000000 — —

IC1 — Input Capture 1 0000001 0x0140 (IC1BUF) —

IC2 — Input Capture 2 0000101 0x0144 (IC2BUF) —

IC3 — Input Capture 3 0100101 0x0148 (IC3BUF) —

IC4 — Input Capture 4 0100110 0x014C (IC4BUF) —

OC1 - Output Compare 1 Data 0000010 — 0x0182 (OC1R)
OC1 - Output Compare 1 Secondary Data 0000010 — 0x0180 (OC1RS)
OC2 - Output Compare 2 Data 0000110 — 0x0188 (OC2R)
OC2 - Output Compare 2 Secondary Data 0000110 — 0x0186 (OC2RS)
OC3 - Output Compare 3 Data 0011001 — 0x018E (OC3R)
OC3 - Output Compare 3 Secondary Data 0011001 — 0x018C (OC3RS)
OC4 — Output Compare 4 Data 0011010 — 0x0194 (OC4R)
OC4 - Output Compare 4 Secondary Data 0011010 — 0x0192 (OC4RS)
TMR2 — Timer2 0000111 — —

TMR3 — Timer3 0001000 — —

TMR4 — Timer4 0011011 — —

TMR5 — Timer5 0011100 — —

SPI1 — Transfer Done 0001010 0x0248 (SPI1BUF) 0x0248 (SPI1BUF)
SPI2 — Transfer Done 0100001 0x0268 (SPI12BUF) 0x0268 (SPI12BUF)
UART1RX — UART1 Receiver 0001011 0x0226 (UIRXREG) —
UART1TX — UART1 Transmitter 0001100 — 0x0224 (U1TXREG)
UART2RX — UART2 Receiver 0011110 0x0236 (U2RXREG) —
UART2TX — UART2 Transmitter 0011111 — 0x0234 (U2TXREG)
ECAN1 — RX Data Ready 0100010 0x0640 (C1RXD) —

ECAN1 — TX Data Request 1000110 — 0x0642 (C1TXD)

© 2009-2014 Microchip Technology Inc.
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9.1 CPU Clocking System

The dsPIC33FJ32GS406/606/608/610 and
dsPIC33FJ64GS406/606/608/610 devices provide six
system clock options:

» Fast RC (FRC) Oscillator

* FRC Oscillator with PLL

» Primary (XT, HS, or EC) Oscillator
» Primary Oscillator with PLL

» Low-Power RC (LPRC) Oscillator
* FRC Oscillator with Postscaler

« Secondary (LP) Oscillator

9.1.1 SYSTEM CLOCK SOURCES

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

e XT (Crystal): Crystals and ceramic resonators in
the range of 3 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 50 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

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.

The 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).

The clock signals generated by the FRC and primary
oscillators can be optionally applied to an on-chip Phase-
Locked Loop (PLL) to provide a wide range of output
frequencies for device operation. PLL configuration is
described in Section 9.1.3 “PLL Configuration”.

The FRC frequency depends on the FRC accuracy
(see Table 27-20) and the value of the FRC Oscillator
Tuning register (see Register 9-4).

9.1.2 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 24.1 “Configuration Bits” for further details.)
The Initial Oscillator Selection Configuration bits,
FNOSC<2:0> (FOSCSEL<2:0>), and the Primary Oscil-
lator 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 9-1.

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
50 MIPS are supported by the device architecture.

Instruction execution speed or device operating
frequency, Fcy, is given by Equation 9-1.

EQUATION 9-1: DEVICE OPERATING
FREQUENCY

Fcy = Fosc/2

TABLE 9-1: CONFIGURATION BIT VALUES FOR CLOCK SELECTION
Oscillator Mode Oscillator Source | POSCMD<1:0>| FNOSC<2:0> | See Notes
Fast RC Oscillator with Divide-by-N (FRCDIVN) Internal XX 111 1,2
Fast RC Oscillator with Divide-by-16 (FRCDIV16) Internal XX 110 1
Low-Power RC Oscillator (LPRC) Internal XX 101 1
Secondary Oscillator (SOSC) Secondary XX 100 —
Primary Oscillator (HS) with PLL (HSPLL) Primary 10 011 —
Primary Oscillator (XT) with PLL (XTPLL) Primary 01 011 —
Primary Oscillator (EC) with PLL (ECPLL) Primary 00 011 1
Primary Oscillator (HS) Primary 10 010 —
Primary Oscillator (XT) Primary 01 010 —
Primary Oscillator (EC) Primary 00 010 1
Fast RC Oscillator with PLL (FRCPLL) Internal XX 001 1
Fast RC Oscillator (FRC) Internal XX 000 1

Note 1: OSC2 pin function is determined by the OSCIOFNC Configuration bit.
2.  This is the default oscillator mode for an unprogrammed (erased) device.
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REGISTER 16-18: TRGCONx: PWM TRIGGER CONTROL x REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 U-0 U-0 U-0 U-0
TRGDIV3 TRGDIV2 TRGDIV1 TRGDIVO — — — —

bit 15 bit 8
R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DTMW — TRGSTRT5 | TRGSTRT4 | TRGSTRT3 | TRGSTRT2 | TRGSTRT1 | TRGSTRTO

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 15-12 TRGDIV<3:0>: Trigger # Output Divider bits

1111 = Trigger output for every 16th trigger event
1110 = Trigger output for every 15th trigger event
1101 = Trigger output for every 14th trigger event
1100 = Trigger output for every 13th trigger event
1011 = Trigger output for every 12th trigger event
1010 = Trigger output for every 11th trigger event
1001 = Trigger output for every 10th trigger event
1000 = Trigger output for every 9th trigger event
0111 = Trigger output for every 8th trigger event
0110 = Trigger output for every 7th trigger event
0101 = Trigger output for every 6th trigger event
0100 = Trigger output for every 5th trigger event
0011 = Trigger output for every 4th trigger event
0010 = Trigger output for every 3rd trigger event
0001 = Trigger output for every 2nd trigger event
0000 = Trigger output for every trigger event

bit 11-8 Unimplemented: Read as ‘0’
bit 7 DTM: Dual Trigger Mode bit®
1 = Secondary trigger event is combined with the primary trigger event to create the PWM trigger
0 = Secondary trigger event is not combined with the primary trigger event to create the PWM trigger;
two separate PWM triggers are generated
bit 6 Unimplemented: Read as ‘0’
bit 5-0 TRGSTRT<5:0>: Trigger Postscaler Start Enable Select bits
111111 = Waits 63 PWM cycles before generating the first trigger event after the module is enabled

000010 = Waits 2 PWM cycles before generating the first trigger event after the module is enabled
000001 = Waits 1 PWM cycle before generating the first trigger event after the module is enabled
000000 = Waits 0 PWM cycles before generating the first trigger event after the module is enabled

Note 1: The secondary PWM generator cannot generate PWM trigger interrupts.
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REGISTER 20-2: UxSTA: UARTx STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 U-0 R/W-0, HC R/W-0 R-0 R-1
UTXISEL1 UTXINV UTXISELO — UTXBRK UTXENW UTXBF TRMT
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R-1 R-0 R-0 R/C-0 R-0
URXISEL1 URXISELO ADDEN RIDLE PERR FERR OERR URXDA
bit 7 bit 0

Legend: HC = Hardware Clearable bit C = Clearable 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 15,13 UTXISEL<1:0>: UARTx Transmission Interrupt Mode Selection bits

11 = Reserved; do not use

10 = Interrupt when a character is transferred to the Transmit Shift Register (TSR), and as a result,
the transmit buffer becomes empty

01 = Interrupt when the last character is shifted out of the Transmit Shift Register; all transmit
operations are completed

00 = Interrupt when a character is transferred to the Transmit Shift Register (this implies there is at
least one character open in the transmit buffer)

bit 14 UTXINV: UARTx Transmit Polarity Inversion bit
If IREN = 0:
1 = UxTX Idle state is ‘0’
0 = UxTX Idle state is ‘1’
If IREN =1:
1 = IrDA® encoded UxTX Idle state is ‘1’
0 = IrDA encoded UxTX Idle state is ‘0’
bit 12 Unimplemented: Read as ‘0’
bit 11 UTXBRK: UARTxX Transmit Break bit
1 = Sends Sync Break on next transmission — Start bit, followed by twelve ‘0’ bits, followed by Stop
bit; cleared by hardware upon completion
0 = Sync Break transmission is disabled or has completed
bit 10 UTXEN: UARTX Transmit Enable bit()
1 = Transmit is enabled, UXTX pin is controlled by UARTXx
0 = Transmit is disabled, any pending transmission is aborted and the buffer is reset; UXTX pin is
controlled by the port
bit 9 UTXBF: UARTX Transmit Buffer Full Status bit (read-only)
1 = Transmit buffer is full
0 = Transmit buffer is not full; at least one more character can be written
bit 8 TRMT: Transmit Shift Register Empty bit (read-only)
1 = Transmit Shift Register is empty and transmit buffer is empty (the last transmission has completed)
0 = Transmit Shift Register is not empty, a transmission is in progress or queued
bit 7-6 URXISEL<1:0>: UARTx Receive Interrupt Mode Selection bits
11 = Interrupt is set on UXRSR transfer, making the receive buffer full (i.e., has 4 data characters)
10 = Interrupt is set on UXRSR transfer, making the receive buffer 3/4 full (i.e., has 3 data characters)
Ox = Interrupt is set when any character is received and transferred from the UXRSR to the receive
buffer; receive buffer has one or more characters

Note 1. Referto“UART” (DS70188) in the “dsPIC33/PIC24 Family Reference Manual” for information on
enabling the UART module for transmit operation. That section of the manual is available on the Microchip
web site: www.microchip.com.
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FIGURE 21-1: ECANx MODULE BLOCK DIAGRAM
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FIGURE 22-4:

ADC BLOCK DIAGRAM FOR dsPIC33FJ32GS610 AND dsPIC33FJ64GS610
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REGISTER 22-11: ADCPC5: ADC CONVERT PAIR CONTROL REGISTER 5 (CONTINUED)

bit 4-0

Note 1:

TRGSRC10<4:0>: Trigger 10 Source Selection bits

Selects trigger source for conversion of analog channels AN21 and AN20.

11111 = Timer2 period match

11110 = PWM Generator 8 current-limit ADC trigger
11101 = PWM Generator 7 current-limit ADC trigger
11100 = PWM Generator 6 current-limit ADC trigger
11011 = PWM Generator 5 current-limit ADC trigger
11010 = PWM Generator 4 current-limit ADC trigger
11001 = PWM Generator 3 current-limit ADC trigger
11000 = PWM Generator 2 current-limit ADC trigger
10111 = PWM Generator 1 current-limit ADC trigger

10110 = PWM Generator 9 secondary trigger selected
10101 = PWM Generator 8 secondary trigger selected
10100 = PWM Generator 7 secondary trigger selected
10011 = PWM Generator 6 secondary trigger selected
10010 = PWM Generator 5 secondary trigger selected
10001 = PWM Generator 4 secondary trigger selected
10000 = PWM Generator 3 secondary trigger selected
01111 = PWM Generator 2 secondary trigger selected
01110 = PWM Generator 1 secondary trigger selected
01101 = PWM secondary Special Event Trigger selected

01100 = Timerl period match

01011 = PWM Generator 8 primary trigger selected
01010 = PWM Generator 7 primary trigger selected
01001 = PWM Generator 6 primary trigger selected
01000 = PWM Generator 5 primary trigger selected
00111 = PWM Generator 4 primary trigger selected
00110 = PWM Generator 3 primary trigger selected
00101 = PWM Generator 2 primary trigger selected
00100 = PWM Generator 1 primary trigger selected
00011 = PWM Special Event Trigger selected
00010 = Global software trigger selected

00001 = Individual software trigger selected

00000 = No conversion enabled

The trigger source must be set as an individual software trigger prior to setting this bit to ‘1. If other
conversions are in progress, the conversion is performed when the conversion resources are available.
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FIGURE 27-13: SPIXx MASTER MODE (FULL-DUPLEX, CKE =1, CKP = x, SMP = 1) TIMING
CHARACTERISTICS

SP36 , .
SCKx R . .
(CKP =0) ! ; \ / \

— - — -

o s SPo1 P20
SCKx S
(CKP = 1) :
S ' e e
A . SP35 SP20  sP21
S g (
SDOX 5: ' . MSb X Bit 14 ?? N >< LSb
: ! ! —>: '<— ))
SP40 SP30, SP31
SDIx Bit14-%--1

"SP4l .
—,

Note: Refer to Figure 27-1 for load conditions.

TABLE 27-32: SPIx MASTER MODE (FULL-DUPLEX, CKE =1, CKP =x, SMP = 1) TIMING
REQUIREMENTS

Standard Operating Conditions: 3.0V to 3.6V
unless otherwise stated
AC CHARACTERISTICS E)perating temperature —1)10°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pilrg\m Symbol Characteristic() Min Typ(z) Max Units Conditions
SP10 TscP Maximum SCKx Frequency — — 10 MHz | See Note 3
SP20 TscF SCKXx Output Fall Time — — — ns See Parameter DO32
and Note 4
SP21 TscR SCKXx 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 TdoV2sc, |SDOx Data Output Setup to 30 — — ns
TdoV2scL |First SCKx Edge
SP40 TdiV2scH, | Setup Time of SDIx Data 30 — — ns
TdiV2scL |Input to SCKx Edge
SP41 TscH2diL, |Hold Time of SDIx Data Input 30 — — ns
TscL2diL |to SCKx Edge

Note 1: These parameters are characterized, but are not tested in manufacturing.
2: Data in “Typ” column is at 3.3V, +25°C unless otherwise stated.

3:  The minimum clock period for SCKx is 100 ns. The clock generated in Master mode must not violate this
specification.
4: Assumes 50 pF load on all SPIx pins.
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TABLE 27-41: 10-BIT, HIGH-SPEED ADC MODULE 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

Pzrglm Symbol Characteristic Min | Typ® | Max | Units Conditions
Clock Parameters
AD50b ‘TAD |ADC Clock Period ‘ 35.8 | — ‘ — ‘ ns |
Conversion Rate
AD55b |tconv  |Conversion Time ‘ — | 14 TaD ‘ — ‘ — |
AD56b |Fcnv [ Throughput Rate
Devices with Single SAR — — 2.0 Msps
Devices with Dual SARs — — 4.0 Msps

Timing Parameters
ADG63b |tbPU Time to Stabilize Analog Stage 1.0 — 10 us
from ADC Off to ADC On(®)
Note 1: These parameters are characterized but not tested in manufacturing.

2:  Overall functional device operation at VBOR < VDD < VDDMIN is guaranteed but not characterized. All
device analog modules such as the ADC, etc., will function but with degraded performance below VDDMIN.

FIGURE 27-23: ANALOG-TO-DIGITAL CONVERSION TIMING PER INPUT
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64-Lead Plastic Thin Quad Flatpack (PT)-10x10x1 mm Body, 2.00 mm Footprint [TQFP]

Note:

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