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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
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16-Bit

50 MIPs
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Brown-out Detect/Reset, QEI, POR, PWM, WDT
74

32KB (32K x 8)

FLASH

4K x 8

3V ~ 3.6V

A/D 18x10b; D/A 1x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

80-TQFP

80-TQFP (12x12)
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FIGURE 2-10: PHASE-SHIFTED FULL-BRIDGE CONVERTER
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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 4-66: FUNDAMENTAL ADDRESSING MODES SUPPORTED

Addressing Mode

Description

File Register Direct

The address of the file register is specified explicitly.

Register Direct

The contents of a register are accessed directly.

Register Indirect

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

Register Indirect Post-Modified

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

Register Indirect Pre-Modified
to form the EA.

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

(Register Indexed)

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

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

4.3.3 MOVE AND ACCUMULATOR
INSTRUCTIONS

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

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

434 MAC INSTRUCTIONS

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

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

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

* Register Direct

» Register Indirect

» Register Indirect Post-Modified

» Register Indirect Pre-Modified

» Register Indirect with Register Offset (Indexed)
* Register Indirect with Literal Offset

» 8-Bit Literal

+ 16-Bit Literal

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

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

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

* Register Indirect

» Register Indirect Post-Modified by 2

» Register Indirect Post-Modified by 4
 Register Indirect Post-Modified by 6

» Register Indirect with Register Offset (Indexed)

435 OTHER INSTRUCTIONS

Besides the addressing modes outlined previously, some
instructions use literal constants of various sizes. For
example, BRA (branch) instructions use 16-bit signed
literals to specify the branch destination directly, whereas
the DI Sl instruction uses a 14-bit unsigned literal field. In
some instructions, such as ADD Acc, the source of an
operand or result is implied by the opcode itself. Certain
operations, such as NOP, do not have any operands.
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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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REGISTER 7-31:

IPC12: INTERRUPT PRIORITY CONTROL REGISTER 12

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

— — — — — MI2C21P2 MI2C2IP1 MI2C2IP0
bit 15 bit 8

uU-0 R/W-1 R/W-0 R/W-0 uU-0 uU-0 uU-0 uU-0

— SI2C2IP2 SI2C2IP1 SI2C2IP0O — — — —
bit 7 bit 0
Legend:

W = Writable bit
‘1’ = Bit is set

R = Readable bit
-n = Value at POR

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared

X = Bit is unknown

bit 15-11 Unimplemented: Read as ‘0’

bit 10-8 MI2C21P<2:0>: I12C2 Master Events Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 7 Unimplemented: Read as ‘0’

bit 6-4 SI2C2IP<2:0>: 12C2 Slave Events Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority interrupt)
001 = Interrupt is Priority 1
000 = Interrupt source is disabled

bit 3-0 Unimplemented: Read as ‘0’

DS70000591F-page 162
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REGISTER 7-35:

IPC17: INTERRUPT PRIORITY CONTROL REGISTER 17

u-0 U-0 u-0 U-0 u-0 R/W-1 R/W-0 R/W-0
— — — — — citxip2® | catxip1® | citxipo®
bit 15 bit 8
u-0 U-0 u-0 U-0 u-0 u-0 U-0 U-0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 15-11
bit 10-8

bit 7-0

Note 1:

Unimplemented: Read as ‘0’

C1TXIP<2:0>: ECAN1 Transmit Data Request Interrupt Priority bits()

111 = Interrupt is Priority 7 (highest priority interrupt)

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

Unimplemented: Read as ‘0’

Interrupts are disabled on devices without ECAN™ modules.

DS70000591F-page 166
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REGISTER 7-39:

IPC23: INTERRUPT PRIORITY CONTROL REGISTER 23

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0

— PWM2IP2 PWM2IP1 PWM2IPO — PWML1IP2 PWM1IP1 | PWM1IPO
bit 15 bit 8

uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0
bit 7 bit 0
Legend:

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared

X = Bit is unknown

bit 15
bit 14-12

bit 11
bit 10-8

bit 7-0

Unimplemented: Read as ‘0’
PWM2IP<2:0>: PWM2 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority)
001 = Interrupt is Priority 1

000 = Interrupt source is disabled
Unimplemented: Read as ‘0’
PWML1IP<2:0>: PWML1 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority)
001 = Interrupt is Priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

DS70000591F-page 170

© 2009-2014 Microchip Technology Inc.




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

The DMA Controller features four identical data
transfer channels. Each channel has its own set of
control and status registers. Each DMA channel can be
configured to copy data either from buffers stored in
dual port DMA RAM to peripheral SFRs or from
peripheral SFRs to buffers in DMA RAM.

The DMA Controller supports the following features:

Word or byte-sized data transfers.

Transfers from peripheral to DMA RAM or DMA
RAM to peripheral

Indirect Addressing of DMA RAM locations with or
without automatic post-increment

Peripheral Indirect Addressing — In some
peripherals, the DMA RAM read/write addresses
may be partially derived from the peripheral
One-Shot Block Transfers — Terminating a DMA
transfer after one block transfer

Continuous Block Transfers — Reloading the DMA
RAM buffer start address after every block
transfer is complete

Ping-Pong Mode — Switching between two DMA
RAM start addresses between successive block
transfers, thereby filling two buffers alternately
Automatic or manual initiation of block transfers

For each DMA channel, a DMA interrupt request is
generated when a block transfer is complete.
Alternatively, an interrupt can be generated when half of
the block has been filled.

8.1 DMAC Registers

Each DMAC Channel x (x = 0, 1, 2 or 3) contains the
following registers:

« A 16-Bit DMA Channel Control Register
(DMAXCON)

* A 16-Bit DMA Channel IRQ Select Register
(DMAXREQ)

« A 16-Bit DMA RAM Primary Start Address Offset
Register (DMAXSTA)

» A 16-Bit DMA RAM Secondary Start Address
Offset Register (DMAXSTB)

» A 16-Bit DMA Peripheral Address Register
(DMAXPAD)

» A 10-Bit DMA Transfer Count Register (DMAXCNT)

An additional pair of status registers, DMACSO and
DMACSL1, are common to all DMAC channels.

FIGURE 8-1: TOP LEVEL SYSTEM ARCHITECTURE USING A DEDICATED TRANSACTION BUS
Peripheral Indirect Address
DMA Controller |
r - — — _v |
T | o
o
SRAM DMA RAM H2E] 1 crames | | |Peripheral 3
| |28 broto2 13|
PORT 1 PORT?2 | : ' [ | CPU DMA
A A A L_AE____A!___J A A
Y SRAM X-Bus Y DMADSBus \i Y
A CPU Peripheral DS Bus Y A Y A
A A A A
Yy \ \i Y Y \i
CPU DMA CPU  DMA
Non-DMA DMA DMA
CPU Ready Ready Ready
Peripheral Peripheral 1 Peripheral 2

Note: For clarity, CPU and DMA address buses are not shown.
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NOTES:
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16.3 Control Registers

The following registers control the operation of the
high-speed PWM module.

PTCON: PWM Time Base Control Register

PTCON2: PWM Clock Divider Select Register 2

PTPER: PWM Primary Master Time Base Period Register(::2)
SEVTCMP: PWM Special Event Compare Register(l)
STCON: PWM Secondary Master Time Base Control Register
STCON2: PWM Secondary Clock Divider Select Register 2
STPER: PWM Secondary Master Time Base Period Register
SSEVTCMP: PWM Secondary Special Event Compare Register
CHOP: PWM Chop Clock Generator Register(1)

MDC: PWM Master Duty Cycle Register(1,2)

PWMCONx: PWM Control x Register

PDCx: PWM Generator Duty Cycle x Register(1,2,3)
PHASEx: PWM Primary Phase-Shift x Register(1,2)

DTRx: PWM Dead-Time x Register

ALTDTRx: PWM Alternate Dead-Time x Register

SDCx: PWM Secondary Duty Cycle x Register(1,2,3)
SPHASEXx: PWM Secondary Phase-Shift x Register(1,2)
TRGCONx: PWM Trigger Control x Register

IOCONXx: PWM I/O Control x Register

FCLCONx: PWM Fault Current-Limit Control x Register

TRIGx: PWM Primary Trigger x Compare Value Register
STRIGx: PWM Secondary Trigger x Compare Value Register(®)
LEBCONX: Leading-Edge Blanking Control x Register
LEBDLYXx: Leading-Edge Blanking Delay x Register
AUXCONx: PWM Auxiliary Control x Register

PWMCAPX: Primary PWM Time Base Capture x Register

DS70000591F-page 234
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REGISTER 16-26: PWMCAPx: PRIMARY PWM TIME BASE CAPTURE x REGISTER

R-0 R-0 R-0 R-0
PWMCAP<12:5>(1:2.3.4)

bit 15 bit 8

R-0 R-0 U-0 uU-0
PWMCAP<4:0>(1.2.34) — —

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 15-3 PWMCAP<12:0>: Captured PWM Time Base Value bits(1:2:34)

The value in this register represents the captured PWM time base value when a leading edge is

detected on the current-limit input.
bit 2-0 Unimplemented: Read as ‘0’

Note 1: The capture feature is only available on the primary output (PWMxH).

This feature is active only after LEB processing on the current-limit input signal is complete.

2:
3:  The minimum capture resolution is 8.32 ns.
4: This feature can be used when the XPRES bit (PWMCONXx<1>) is set to ‘0.

© 2009-2014 Microchip Technology Inc.
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19.0 INTER-INTEGRATED CIRCUIT
(12C™)

Note 1: This data sheet summarizes the features
of the dsPIC33FJ32GS406/606/608/610
and dsPIC33FJ64GS406/606/608/610
families of devices. It is not intended to be
a comprehensive reference source. To
complement the information in this data
sheet, refer to “Inter-Integrated Cir-
cuit™ (12’C™)” (DS70000195) in the
“dsPIC33/PIC24  Family  Reference
Manual”, which is available from the Micro-
chip 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
and bit information.

The Inter-Integrated Circuit (12C) module provides
complete hardware support for both Slave and
Multi-Master modes of the 12C serial communication
standard with a 16-bit interface.

The I1°C module has a 2-pin interface:

* The SCLx pin is clock.

* The SDAX pin is data.

The 12C module offers the following key features:

« 12C Interface Supporting Both Master and Slave
modes of Operation

« I2C Slave mode Supports 7-Bit and
10-Bit Addressing

« I12C Master mode Supports 7-Bit and
10-Bit Addressing

« I2C Port allows Bidirectional Transfers Between
Master and Slaves

» Serial Clock Synchronization for I2C Port can be
used as a Handshake Mechanism to Suspend
and Resume Serial Transfer (SCLREL control)

« 12C Supports Multi-Master Operation, Detects Bus
Collision and Arbitrates Accordingly

19.1 Operating Modes

The hardware fully implements all the master and slave
functions of the I°C Standard and Fast mode
specifications, as well as 7-bit and 10-bit addressing.

The 12C module can operate either as a slave or a
master on an I°C bus.

The following types of 12c operation are supported:

« I12C slave operation with 7-bit addressing
+ 1°C slave operation with 10-bit addressing
* 12C master operation with 7-bit or 10-bit addressing

For details about the communication sequence in each
of these modes, refer to the “dsPIC33/PIC24 Family
Reference Manual”. Please see the Microchip web site
(www.microchip.com) for the latest “dsPIC33/PIC24
Family Reference Manual” sections.

19.2 I1°C Registers

I2CxCON and I2CxSTAT are control and status
registers, respectively. The [2CxCON register is
readable and writable. The lower six bits of 2CxSTAT
are read-only. The remaining bits of the I2CSTAT are
read/write:

* I2CxRSR is the shift register used for shifting data
internal to the module and the user application
has no access to it.

* I2CxRCV is the receive buffer and the register to
which data bytes are written or from which data
bytes are read.

* I2CxTRN is the transmit register to which bytes
are written during a transmit operation.

« The I2CxADD register holds the slave address.

« A status bit, ADD10, indicates 10-Bit Addressing
mode.

* The I2CxBRG acts as the Baud Rate Generator
(BRG) reload value.

In receive operations, I2CxRSR and 12CxRCV together

form a double-buffered receiver. When I[2CxRSR

receives a complete byte, it is transferred to I2CxRCV
and an interrupt pulse is generated.

© 2009-2014 Microchip Technology Inc.
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REGISTER 21-4: CxFCTRL: ECANx FIFO CONTROL REGISTER

R/W-0 R/W-0 R/W-0 U-0 u-0 u-0 U-0 U-0
DMABS2 DMABS1 DMABSO — — — — —
bit 15 bit 8
U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
= = = FsA4b FSA3W FsA2() FsA1®d FsAo®
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 15-13 DMABS<2:0>: DMA Buffer Size bits

111 = Reserved

110 = 32 buffers in DMA RAM
101 = 24 buffers in DMA RAM
100 = 16 buffers in DMA RAM
011 = 12 buffers in DMA RAM
010 = 8 buffers in DMA RAM
001 = 6 buffers in DMA RAM
000 = 4 buffers in DMA RAM

bit 12-5 Unimplemented: Read as ‘0’
bit 4-0 FSA<4:0>: FIFO Area Starts with Buffer bits()

11111 = Reads Buffer RB31
11110 = Reads Buffer RB30

00001 = TX/RX Buffer TRB1
00000 = TX/RX Buffer TRBO

Note 1: FSA<4:0> bits are used to specify the start of the FIFO within the buffer area.

© 2009-2014 Microchip Technology Inc. DS70000591F-page 291
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REGISTER 21-8: CxEC: ECANx TRANSMIT/RECEIVE ERROR COUNT REGISTER

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
TERRCNT7 | TERRCNT6 | TERRCNT5 | TERRCNT4 | TERRCNT3 | TERRCNT2 | TERRCNT1 | TERRCNTO
bit 15 bit 8
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
RERRCNT7 | RERRCNT6 | RERRCNT5 | RERRCNT4 | RERRCNT3 | RERRCNT2 | RERRCNT1 | RERRCNTO
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 15-8 TERRCNT<7:0>: Transmit Error Count bits
bit 7-0 RERRCNT<7:0>: Receive Error Count bits

REGISTER 21-9: CxCFG1: ECANx BAUD RATE CONFIGURATION REGISTER 1

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

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
SJw1 SJWO0 BRP5 BRP4 BRP3 BRP2 BRP1 BRPO

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 15-8 Unimplemented: Read as ‘0’

bit 7-6 SJW<1:0>: Synchronization Jump Width bits

11 =Lengthis 4 x TQ
10 = Lengthis 3 x TQ
01 =Lengthis2xTQ
00 =Lengthis 1 xTQ

bit 5-0 BRP<5:0>: Baud Rate Prescaler bits
11 1111 =TQ =2 x 64 x 1/FCAN

00 0010 =TQ =2 x 3 x 1/FcaN
00 0001 =TQ=2x2x1/FCAN
00 0000=TQ=2x1x 1/FCAN
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REGISTER 21-20: CxRXMnSID: ECANx ACCEPTANCE FILTER MASK n STANDARD IDENTIFIER

REGISTER (n = 0-2)

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
SID10 SID9 ‘ SID8 | SID7 SID6 SID5 SID4 SID3

bit 15 bit 8
R/W-x R/W-x R/W-x U-0 R/W-x U-0 R/W-x R/W-x
SID2 SID1 SIDO — MIDE — EID17 EID16

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

1 = Matches only message types (standard or extended address) that correspond to EXIDE bit in filter

0 = Matches either standard or extended address message if filters match

(i.e., if (Filter SID) = (Message SID) or if (Filter SID/EID) = (Message SID/EID))

bit 15-5 SID<10:0>: Standard Identifier bits
1 = Includes bit, SIDx, in filter comparison
0 = SIDx bit is don't care in filter comparison
bit 4 Unimplemented: Read as ‘0’
bit 3 MIDE: Identifier Receive Mode bit
bit 2 Unimplemented: Read as ‘0’
bit 1-0 EID<17:16>: Extended Identifier bits

1 = Includes bit, EIDx, in filter comparison

0 = EIDx bit is don't care in filter comparison

REGISTER 21-21: CxRXMnEID: ECANx ACCEPTANCE FILTER MASK n EXTENDED IDENTIFIER

REGISTER (n = 0-2)

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
EID15 EID14 ‘ EID13 | EID12 EID11 EID10 EID9 EID8

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
EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO

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

EID<15:0>: Extended Identifier bits
1 = Includes bit, EIDx, in filter comparison

0 = EIDx bit is don't care in filter comparison
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22.3 Module Functionality

The High-Speed, 10-Bit ADC is designed to support
power conversion applications when used with the
High-Speed PWM module. The ADC may have one or
two SAR modules, depending on the device variant. If
two SARs are present on a device, two conversions
can be processed at a time, yielding 4 Msps conversion
rate. If only one SAR is present on a device, only one
conversion can be processed at a time, yielding 2 Msps
conversion rate. The High-Speed, 10-Bit ADC produces
two 10-bit conversion results in a 0.5 microsecond.

The ADC module supports up to 24 external analog
inputs and two internal analog inputs. To monitor
reference voltage, two internal inputs, AN24 and AN25,
are connected to EXTREF and INTREF, respectively.

The analog reference voltage is defined as the device
supply voltage (AVDD/AVSS).

The ADC module uses the following control and status
registers:

« ADCON: ADC Control Register

e ADSTAT: ADC Status Register

« ADBASE: ADC Base Register(1:2)

« ADPCFG: ADC Port Configuration Register

« ADPCFG2: ADC Port Configuration Register 2

« ADCPCO: ADC Convert Pair Control Register 0

« ADCPC1: ADC Convert Pair Control Register 1

« ADCPC2: ADC Convert Pair Control Register 2

« ADCPC3: ADC Convert Pair Control Register 3

« ADCPC4: ADC Convert Pair Control Register 4

» ADCPCS5: ADC Convert Pair Control Register 5

« ADCPC6: ADC Convert Pair Control Register 6(2)
The ADCON register controls the operation of the
ADC module. The ADSTAT register displays the
status of the conversion processes. The ADPCFG
registers configure the port pins as analog inputs or
as digital I/0. The ADCPCx registers control the

triggering of the ADC conversions. See Register 22-1
through Register 22-12 for detailed bit configurations.

Note: A unique feature of the ADC module is its
ability to sample inputs in an asynchronous
manner. Individual ~Sample-and-Hold
circuits can be triggered independently of
each other.
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REGISTER 22-9: ADCPC3: ADC CONVERT PAIR CONTROL REGISTER 3

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IRQEN7 | PEND7 SWTRG7 |TRGSRC74 | TRGSRC73 | TRGSRC72 | TRGSRC71 | TRGSRC70
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
IRQENG6 | PEND6 SWTRG6 |TRGSRC64 | TRGSRC63| TRGSRC62 | TRGSRC61 | TRGSRCE0
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 IRQENTY: Interrupt Request Enable 7 bit

1 = Enables IRQ generation when requested conversion of Channels AN15 and AN14 is completed
0 = IRQ is not generated

bit 14 PEND7: Pending Conversion Status 7 bit
1 = Conversion of Channels AN15 and AN14 is pending; set when selected trigger is asserted
0 = Conversion is complete

bit 13 SWTRG?7: Software Trigger 7 bit

1 = Starts conversion of AN15 and AN14 (if selected by the TRGSRCx<4:0> bits)(l)
This bit is automatically cleared by hardware when the PEND?7 bit is set.
0 = Conversion has not started

Note 1: 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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25.0 INSTRUCTION SET SUMMARY

Note:  This data sheet summarizes the features
of the dsPIC33FJ32GS406/606/608/610
and dsPIC33FJ64GS406/606/608/610
devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to the “dsPIC33/PIC24 Family
Reference Manual’. Please see the
Microchip web site (www.microchip.com) for
the latest “dsPIC33F/PIC24H Family
Reference  Manual” sections. The
information in this data sheet supersedes

the information in the FRM.

The dsPIC33F instruction set is identical to that of the
dsPIC30F.

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 25-1 shows the general symbols used in
describing the instructions.

The dsPIC33F instruction set summary in Table 25-2
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, ‘f’, 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 'f")

» 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:

« Aliteral 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 ‘")

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 27-7:

DC CHARACTERISTICS: POWER-DOWN CURRENT (IPD)

DC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
Operating temperature

-40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended

Parzrgeter Typical® Max Units Conditions

Power-Down Current (Ipp)&4)

DC60d 50 500 A -40°C

DC60a 50 500 HA +25°C
3.3V Base Power-Down Current

DC60b 200 500 A +85°C

DC60c 600 1000 pA +125°C

DC61d 8 13 HA -40°C

DC61la 10 15 nA +25°C . 3
3.3V | Watchdog Timer Current: Alwpt()

DC61b 12 20 pA +85°C

DCé61c 13 25 HA +125°C

Note 1: Data in the Typical column is at 3.3V, +25°C unless otherwise stated.

2: IpD (Sleep) current 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 = VbD, WDT and FSCM are disabled
All peripheral modules are disabled (all PMDx bits are all ‘1's)
The VREGS bit (RCON<8>) = 0 (i.e., core regulator is set to standby while the device is in Sleep

mode)

JTAG disabled

3:  The A current is the additional current consumed when the WDT module is enabled. This current should
be added to the base IPD current.

4: These currents are measured on the device containing the most memory in this family.
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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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RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits]  MIN | NOM | MAX
Contact Pitch E 0.50 BSC
Contact Pad Spacing C1 11.40
Contact Pad Spacing C2 11.40
Contact Pad Width (X64) X1 0.30
Contact Pad Length (X64) Y1 1.50
Distance Between Pads G 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2085B
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