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

REGISTER 3-1: SR: CPU STATUS REGISTER (CONTINUED)

bit 7-5

bit 4

bit 3

bit 2

bit 1

bit 0

Note 1:

IPL<2:0>: CPU Interrupt Priority Level Status bits(®%)

111 = CPU Interrupt Priority Level is 7 (15), user interrupts disabled
110 = CPU Interrupt Priority Level is 6 (14)

101 = CPU Interrupt Priority Level is 5 (13)

100 = CPU Interrupt Priority Level is 4 (12)

011 = CPU Interrupt Priority Level is 3 (11)

010 = CPU Interrupt Priority Level is 2 (10)

001 = CPU Interrupt Priority Level is 1 (9)

000 = CPU Interrupt Priority Level is 0 (8)

RA: REPEAT Loop Active bit

1 = REPEAT loop is in progress

0 = REPEAT loop is not in progress

N: MCU ALU Negative bit

1 = Result was negative

0 = Result was non-negative (zero or positive)

OV: MCU ALU Overflow bit

This bit is used for signed arithmetic (2's complement). It indicates an overflow of a magnitude that
causes the sign bit to change state.

1 = Overflow occurred for signed arithmetic (in this arithmetic operation)

0 = No overflow occurred

Z: MCU ALU Zero bit

1 = An operation that affects the Z bit has set it at some time in the past

0 = The most recent operation that affects the Z bit has cleared it (i.e., a non-zero result)
C: MCU ALU Carry/Borrow bit

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

This bit can be read or cleared (not set).

The IPL<2:0> bits are concatenated with the IPL<3> bit (CORCON<3>) to form the CPU Interrupt Priority
Level (IPL). The value in parentheses indicates the IPL if IPL<3> = 1. User interrupts are disabled when
IPL<3>=1.

The IPL<2:0> Status bits are read-only when NSTDIS =1 (INTCON1<15>).

Clearing this bit will clear SA and SB.
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TABLE 4-9: INTERRUPT CONTROLLER REGISTER MAP FOR dsPIC33FJ32GS608
File SFR . . . . . . . . . . . . . . . . All

Name | Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Resets
INTCON1| 0080 | NSTDIS | OVAERR | OVBERR | COVAERR | COVBERR | OVATE OVBTE COVTE |SFTACERR| DIVOERR — MATHERR | ADDRERR | STKERR | OSCFAIL — 0000
INTCON2| 0082 | ALTIVT DISI — — — — — — — — — INTAEP INT3EP INT2EP INTLEP | INTOEP | 0000
IFSO 0084 — — ADIF UITXIF U1RXIF SPI1IF SPI1EIF T3IF T2IF OC2IF IC2IF — TlF OC1IF IC1IF INTOIF 0000
IFS1 0086 | U2TXIF | U2RXIF INT2IF T5IF T4IF OC4IF OC3IF — — — — INT1IF CNIF AC1IF MI2C1IF | SI2C1IF | 0000
IFS2 0088 — — — — — — — — — IC4IF IC3IF — — — SPI2IF SPI2EIF | 0000
IFS3 008A — — — — — QEILIF PSEMIF — — INT4IF INT3IF — — MI2C2IF | SI2C2IF — 0000
IFS4 008C — — — — QEI2IF — PSESMIF — — — — — — U2EIF U1EIF — 0000
IFS5 008E | PWM2IF | PWM1IF | ADCP12IF — — — — — — — — — — — ADCPS8IF — 0000
IFS6 0090 | ADCP1IF| ADCPOIF — — — — AC4IF AC3IF AC2IF — PWMSIF PWMT7IF PWM6IF | PWMSIF | PWM4IF | PWM3IF | 0000
IFS7 0092 — — — — — — — — — — ADCP7IF | ADCP6IF | ADCPSIF | ADCP4IF | ADCP3IF | ADCP2IF | 0000
IECO 0094 — — ADIE UITXIE UIRXIE SPI1IE SPI1EIE T3IE T2IE OC2IE IC2IE — T1E OC1IE IC1IE INTOIE 0000
IEC1 0096 | U2TXIE | U2RXIE INT2IE T5IE T4IE OCA4IE OC3IE — — — — INT1IE CNIE — MI2C1IE | SI2C1IE | 0000
IEC2 0098 — — — — — — — — — IC4IE IC3IE — — — SPI2IE | SPI2EIE | 0000
IEC3 009A — — — — — QEILIE PSEMIE — — INT4IE INT3IE — — MI2C2IE | SI2C2IE — 0000
IEC4 009C — — — — QEI2IE — PSESMIE — — — — — — U2EIE U1EIE — 0000
IEC5 009E | PWM2IE | PWMLIE | ADCP12IE — — — — — — — — — — — ADCPSIE — 0000
IEC6 00AO [ADCP1IE| ADCPOIE — — — — ACA4IE AC3IE AC2IE — PWMSIE PWM7IE PWM6IE | PWMSIE | PWM4IE | PWMS3IE | 0000
IEC7 00A2 — — — — — — — — — — ADCP7IE | ADCP6IE | ADCPSIE | ADCP4IE | ADCP3IE | ADCP2IE | 0000
IPCO 00A4 — T1IP2 T1IP1 T1IPO — OC1IP2 OC1IP1 OC1IPO — IC1IP2 IC1IP1 IC1IPO — INTOIP2 | INTOIP1 | INTOIPO | 4444
IPC1 00A6 — T2IP2 T2IP1 T2IPO — 0C2IP2 OC2IP1 OC2IPO — IC2IP2 IC2IP1 IC2IPO — — — — 4440
IPC2 00A8 — UIRXIP2 | UIRXIP1 | U1RXIPO — SPI1IP2 SPI1IP1 SPI1IPO — SPI1EIP2 | SPI1EIP1 | SPI1EIPO — T3IP2 T3IP1 T3IPO 4444
IPC3 00AA — — — — — — — — — ADIP2 ADIP1 ADIPO — ULTXIP2 | ULTXIP1 | UITXIPO | 0044
IPC4 00AC — CNIP2 CNIP1 CNIPO — AC1IP2 AC1IP1 AC1IPO — MI2C1IP2 | MI2C1IP1 | MI2C1IPO — SI2C1IP2 | SI2C1IP1 | SI2C1IPO | 4444
IPC5 00AE — — — — — — — — — — — — — INT1IP2 | INT1IP1 | INT1IPO [ 0004
IPC6 00BO — T4IP2 T4IP1 T4IPO — OC4IpP2 OC4IP1 OC41P0O — OC3IP2 OC3IP1 OC3IPO — — — — 4440
IPC7 00B2 — U2TXIP2 | U2TXIP1 | U2TXIPO — U2RXIP2 | U2RXIP1 | U2RXIPO — INT2IP2 INT2IP1 INT2IPO — T5IP2 T5IP1 T5IPO 4444
IPC8 00B4 — — — — — — — — — SPI2IP2 SPI2IP1 SPI2IPO — SPI2EIP2 | SPI2EIP1 | SPI2EIPO | 0044
IPC9 00B6 — — — — — 1C41P2 IC4IP1 IC41PO — IC3IP2 IC3IP1 IC3IPO — — — — 0440
IPC12 00BC — — — — — MI2C2IP2 | MI2C2IP1 | MI2C2IPO — SI2C2IP2 | SI2C2IP1 | SI2C2IPO — — — — 0440
IPC13 00BE — — — — — INT41P2 INT4IP1 INT41PO — INT3IP2 INT3IP1 INT3IPO — — — — 0440
IPC14 00CO — — — — — QEILIP2 | QEI1IP1 | QEI1IPO — PSEMIP2 | PSEMIP1 | PSEMIPO — — — — 0440
IPC16 00C4 — — — — — U2EIP2 U2EIP1 U2EIPO — U1EIP2 U1EIP1 U1EIPO — — — — 0440
IPC18 00C8 — QEI2IP2 | QEI2IP1 QEI2IPO — — — — — PSESMIP2 | PSESMIP1 | PSESMIPO — — — — 4040
IPC20 0occC — — — — — — — — — ADCP8IP2 | ADCP8IP1 | ADCP8IPO — — — — 0040
Legend:  x =unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TABLE 4-11: TIMERS REGISTER MAP
e | SPR | Bit1s | Bitis | Bit1s | Bitl2 | Bit1l | Bit10 | Bito | Bit8 | Bit7 | Bite | Bits5 | Bita | Bit3 | Bit2 Bit1 | Bit0 | Al
TMR1 0100 Timerl Register 0000
PR1 0102 Period Register 1 FFFF
TICON | 0104 | TON — TSIDL — — — — | — | — | veare |tekpsi|Tekpso| — [ Tsyne | tes | — | oooo
TMR2 0106 Timer2 Register 0000
TMR3HLD | 0108 Timer3 Holding Register (for 32-bit timer operations only) XXXX
TMR3 010A Timer3 Register 0000
PR2 010C Period Register 2 FFFF
PR3 010E Period Register 3 FFFF
T2CON | 0110 | TON — TSIDL — — — — — — TGATE |TCKPS1|TCKPSO | T32 — TCS — | o000
T3CON | 0112 | TON — TSIDL — — — — — — TGATE |TCKPS1|TCcKPSO | — — TCS — | o000
TMR4 0114 Timer4 Register 0000
TMR5HLD | 0116 Timer5 Holding Register (for 32-bit timer operations only) XXXX
TMR5 0118 Timer5 Register 0000
PR4 011A Period Register 4 FFFF
PR5 011C Period Register 5 FFFF
TACON | O1LE | TON — TSIDL — — — — — — TGATE |TCKPS1|TCKPSO | T32 — TCS — | o000
TSCON | 0120 | TON — TSIDL — — — — — — TGATE |TCKPS1|TCKPSO | — — TCS — | o000
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0. Reset values are shown in hexadecimal.
TABLE 4-12: INPUT CAPTURE REGISTER MAP
er'ﬁe ol | Bit1s | Bit1a | Bit13 Bit 12 Bit11 | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit1 | BitO Ré’i_’éts
IC1BUF 0140 Input 1 Capture Register XXXX
ICICON | 0142 — | — Jwesoo | — | — | — | = ] = TJwemr] 1en [ ico | icov | icBNE ICM2 ICML | IcMO | 0000
IC2BUF 0144 Input 2 Capture Register XXXX
IC2CON | 0146 — | — Jwesoo | — | — | — | = ] = TJwemr] 1en [ ico | icov | icBNE ICM2 ICML | IcMO | 0000
IC3BUF 0148 Input 3 Capture Register XXXX
IC3CON | 014A — | — Jwesoo | — | — | — | = ] = TJwemr] 1en [ ico | icov | icBNE ICM2 ICML | IcMO | 0000
IC4BUF | 014C Input 4 Capture Register XXXX
IC4CON | 014E — | — Jwesoo | — | — | — | = ] = TJwemr] 1en [ ico | icov | icBNE ICM2 ICML | IcMO | 0000
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TABLE 4-39: ECAN1 REGISTER MAP WHEN WIN (C1CTRL1<0>) =1 (CONTINUED)

e | IR | Bit1s | Bit1a | Bit13 | Bit12 | Bit11 | Bito | Bito | Bits | Bit7 | Bite | Bits | Bit4 | Bit3 | Btz | Bit1 | Bito | Al
CLRXFLLEID | 066E EID<15:0> XXXX
C1RxF12sID | 0670 | sip10 | sipe | sips | sib7 | sioe | sips | sipa | sos | so2 | sib1 | sibo — | exoe | — | Ep17 | ED16 | xxxx
CIRXFL2EID | 0672 EID<15:0> XXXX
C1RXF13sID | 0674 | sip10 | sipo | sips | sib7 | sioe | sios | sipa | sos | sp2 | sib1 | sibo — | exoe | — | Ep17 | ED16 | xxxx
CLRXF13EID | 0676 EID<15:0> XXXX
C1RXF14sID | 0678 | sip10 | sipo | sips | sib7 | sioe | sios | sipa | sos | sp2 | sib1 | sibo — | exoe | — | Ep17 | ED16 | xxxx
CLRXFL4EID | 067A EID<15:0> XXXX
C1RxF15sID | 067C | sip10 | sipe | sips | sib7 | sie | sios | siba | sios | so2 | sib1 | sibo — | exoe | — | Ep17 | ED16 | xxxx
CLRXF15EID | 067E EID<15:0> XXXX
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0. Reset values are shown in hexadecimal.

TABLE 4-40: ANALOG COMPARATOR CONTROL REGISTER MAP

ne | SR Bit1s | mitia | Bitis | Bitl2 | Bit11 | Bit10 | Bito | Bits | Bit7 | Bit6 | Bits | Bit4 | Bits | Bit2 | Bit1 | Bito | Al
CMPCON1 | 0540 | cMPON | — [cmpsibL | — — — — | DACOE [INSELL | INSELO | EXTREF | — [ CMPSTAT [ — | CMPPOL | RANGE | 0000
CMPDAC1 | 0542 — — - — — — CMREF<9:0> 0000
cMpcoNz | o0s44 | cMPoN | — | cwpsibL | — — — — | bacoE | insEL1 | INsELo | ExTREF | — | cmpsTaT | — | cmPPOL | RANGE | 0000
CMPDAC2 | 0546 — — - — — — CMREF<9:0> 0000
cMPcON3 | o0s48 | cMPON | — | cwpsibL | — — — — | bacoE | iNsEL1 | INsELo | EXTREF | — | cmPsTAT | — [ cMPPOL | RANGE | 0000
CMPDAC3 | 0s4A |  — — - — — — CMREF<9:0> 0000
cMpcoNs | osac | cmPoN | — | cwpsibL | — — — — | bacoE | iNsEL1 | INsELo | EXTREF | — | cmPsTaT | — [ cMPPOL | RANGE | 0000
CMPDAC4 | o0s4E |  — — — — — — CMREF<9:0> 0000
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0. Reset values are shown in hexadecimal.
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4.2.7 SOFTWARE STACK

In addition to its use as a Working register, the W15
register in the dsPIC33FJ32GS406/606/608/610 and
dsPIC33FJ64GS406/606/608/610 devices is also used
as a Software Stack Pointer. The Stack Pointer always
points to the first available free word and grows from
lower to higher addresses. It predecrements for stack
pops and post-increments for stack pushes, as shown
in Figure 4-6. For a PC push during any CALL instruc-
tion, the MSb of the PC is zero-extended before the
push, ensuring that the MSb is always clear.

Note: A PC push during exception processing
concatenates the SRL register to the MSh
of the PC prior to the push.

The Stack Pointer Limit register (SPLIM) associated
with the Stack Pointer sets an upper address boundary
for the stack. SPLIM is uninitialized at Reset. As is the
case for the Stack Pointer, SPLIM<0> is forced to ‘O’
because all stack operations must be word-aligned.

Whenever an EA is generated using W15 as a source
or destination pointer, the resulting address is
compared with the value in SPLIM. If the contents of
the Stack Pointer (W15) and the SPLIM register are
equal and a push operation is performed, a stack error
trap will not occur. The stack error trap will occur on a
subsequent push operation. For example, to cause a
stack error trap when the stack grows beyond address
0x1800 in RAM, initialize the SPLIM with the value,
Ox17FE.

Similarly, a Stack Pointer underflow (stack error) trap is
generated when the Stack Pointer address is found to
be less than 0x0800. This prevents the stack from
interfering with the Special Function Register (SFR)
space.

A write to the SPLIM register should not be immediately
followed by an indirect read operation using W15.

FIGURE 4-6: CALL STACK FRAME

0x0000 15 0

PC<15:0> <« W15 (before CALL)
000000000( PC<22:16>
<Free Word>

Stack Grows Toward
Higher Address

-« W15 (after CALL)

-
Y

POP @ [--W5]
PUSH: [WL5++]

4.3 Instruction Addressing Modes

The addressing modes shown in Table 4-66 form the
basis of the addressing modes optimized to support the
specific features of individual instructions. The
addressing modes provided in the MAC class of
instructions differ from those in the other instruction

types.

431 FILE REGISTER INSTRUCTIONS

Most file register instructions use a 13-bit address field
(f) to directly address data present in the first
8192 bytes of data memory (Near Data Space). Most
file register instructions employ a Working register, WO,
which is denoted as WREG in these instructions. The
destination is typically either the same file register or
WREG (with the exception of the MJL instruction),
which writes the result to a register or register pair. The
MOV instruction allows additional flexibility and can
access the entire data space.

4.3.2 MCU INSTRUCTIONS
The three-operand MCU instructions are of the form:
Operand 3 = Operand 1 <function> Operand 2

where Qper and 1 is always a Working register (that is,
the addressing mode can only be register direct), which
is referred to as Wh. Oper and 2 can be a W register,
fetched from data memory, or a 5-bit literal. The result
location can be either a W register or a data memory
location. The following addressing modes are
supported by MCU instructions:

* Register Direct

* Register Indirect

* Register Indirect Post-Modified
» Register Indirect Pre-Modified
 5-Bit or 10-Bit Literal

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

© 2009-2014 Microchip Technology Inc.
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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

EXAMPLE 5-2: LOADING THE WRITE BUFFERS

; Set up NVMCON for row progranmm ng operations
MoV #0x4001, W ;
MoV VWO, NVMCON ; Initialize NVMCON
; Set up a pointer to the first programnenory |ocation to be witten
; program nenory sel ected, and wites enabl ed
MoV #0x0000, WD ;
MoV W), TBLPAG ; Initialize PM Page Boundary SFR
MoV #0x6000, WO ; An exanpl e program nenory address
; Performthe TBLW instructions to wite the |atches
; Oth_program word
MoV #LOW WORD_0, W2 ;
MoV #H GH_BYTE_O0, WB ;
TBLWIL W2, [WD] ; Wite PMIlow word into program | atch
TBLWIH W8, [WD++] ; Wite PMhigh byte into programlatch
; 1st_program word
MoV #LOWWORD_1, W ;
MoV #H GH_BYTE_1, WB ;
TBLWIL W2, [WD] ; Wite PMIlow word into program | atch
TBLWIH WB, [WD++] ; Wite PMhigh byte into programlatch
2nd_program word
MoV #LOWWORD_2, W ;
MoV #H GH_BYTE_2, WB ;
TBLWIL W2, [WO] ; Wite PMIow word into program | atch
TBLWIH WB, [WD++] ; Wite PMhigh byte into program | atch

; 63rd_program word
MoV #LOW WORD_31, W2 ;
MoV #H GH_BYTE_31, WB ;

TBLWIL W2, [WD] ; Wite PMIlow word into program | atch

TBLWIH WB, [WD++] ; Wite PMhigh byte into programlatch
EXAMPLE 5-3: INITIATING A PROGRAMMING SEQUENCE

DI SI #5 ; Block all interrupts with priority <7

for next 5 instructions
MOV #0x55, W)

MoV W), NVMKEY ; Wite the 55 key

MoV #0OxAA, W ;

MoV WL, NVMKEY ; Wite the AA key

BSET NVMCON, #WR ; Start the erase sequence
NOP ; Insert two NOPs after the
NOP ; erase command i s asserted

DS70000591F-page 114 © 2009-2014 Microchip Technology Inc.
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REGISTER 7-1: SR: CPU STATUS REGISTER®™

R-0 R-0 R/C-0 R/C-0 R-0 R/C-0 R-0 R/W-0
OA OB SA SB OAB SAB DA DC
bit 15 bit 8
R/W-0C) R/W-0C) R/W-00) R-0 R/W-0 R/W-0 R/W-0 R/W-0
IPL2®@ IPL1@ IPLO®@ RA N oV z C
bit 7 bit 0
Legend: 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 7-5 IPL<2:0>: CPU Interrupt Priority Level Status bits(®3)

111 = CPU Interrupt Priority Level is 7 (15), user interrupts are disabled
110 = CPU Interrupt Priority Level is 6 (14)

101 = CPU Interrupt Priority Level is 5 (13)

100 = CPU Interrupt Priority Level is 4 (12)

011 = CPU Interrupt Priority Level is 3 (11)

010 = CPU Interrupt Priority Level is 2 (10)

001 = CPU Interrupt Priority Level is 1 (9)

000 = CPU Interrupt Priority Level is O (8)

Note 1. For complete register details, see Register 3-1.

2:  The IPL<2:0> bits are concatenated with the IPL<3> bit (CORCON<3>) to form the CPU Interrupt Priority
Level. The value in parentheses indicates the IPL if IPL<3> = 1. User interrupts are disabled when
IPL<3>=1.

3:  The IPL<2:0> Status bits are read-only when NSTDIS (INTCON1<15>) = 1.

REGISTER 7-2: CORCON: CORE CONTROL REGISTER®™

u-0 U-0 u-0 R/W-0 R/W-0 R-0 R-0 R-0
— — — us EDT DL2 DL1 DLO
bit 15 bit 8
R/W-0 R/W-0 R/W-1 R/W-0 R/C-0 R/W-0 R/W-0 R/W-0
SATA SATB SATDW ACCSAT IPL3(@ PSV RND IF
bit 7 bit 0
Legend: C = Clearable bit
R = Readable bit W = Writable bit -n = Value at POR ‘1’ = Bit is set
0’ = Bit is cleared ‘x = Bit is unknown U = Unimplemented bit, read as ‘0’
bit 3 IPL3: CPU Interrupt Priority Level Status bit 3(?)

1 = CPU Interrupt Priority Level is greater than 7
0 = CPU Interrupt Priority Level is 7 or less

Note 1: For complete register details, see Register 3-2.
2:  The IPL3 bit is concatenated with the IPL<2:0> bits (SR<7:5>) to form the CPU Interrupt Priority Level.
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REGISTER 7-9: IFS4: INTERRUPT FLAG STATUS REGISTER 4
u-0 U-0 u-0 U-0 R/W-0 u-0 R/W-0 U-0
— — — — | Qe2F | — PSESMIF —
bit 15 bit 8
u-0 R/W-0 u-0 U-0 u-0 R/W-0 R/W-0 U-0
— C1TXIFW — — — U2EIF U1EIF —
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 Unimplemented: Read as ‘0’
bit 11 QEI2IF: QEI2 Event Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 10 Unimplemented: Read as ‘0’
bit 9 PSESMIF: PWM Special Event Secondary Match Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 8-7 Unimplemented: Read as ‘0’
bit 6 C1TXIF; ECAN1 Transmit Data Request Interrupt Flag Status bit™®
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 5-3 Unimplemented: Read as ‘0’
bit 2 U2EIF: UART2 Error Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 1 U1EIF: UART1 Error Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 0 Unimplemented: Read as ‘0’
Note 1: Interrupts are disabled on devices without ECAN™ modules.
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NOTES:
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12.0 TIMER1

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 “Timers” (DS70205) in the
“dsPIC33/PIC24 Family Reference Man-
ual”, which is available from the Microchip
web site (www.microchip.com). The infor-
mation 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 Timerl module is a 16-bit timer, which can serve
as a time counter for the Real-Time Clock (RTC), or
operate as a free-running interval timer/counter.

The Timerl module has the following unique features
over other timers:

» Can be operated from the low-power 32.767 kHz
crystal oscillator available on the device.

» Can be operated in Asynchronous Counter mode
from an external clock source.

» The external clock input (T1CK) can optionally be
synchronized to the internal device clock and the
clock synchronization is performed after the
prescaler.

The unique features of Timerl allow it to be used for
Real-Time Clock (RTC) applications. A block diagram
of Timerl is shown in Figure 12-1.

The Timerl module can operate in one of the following
modes:

e Timer mode

» Gated Timer mode

» Synchronous Counter mode

» Asynchronous Counter mode

In Timer and Gated Timer modes, the input clock is
derived from the internal instruction cycle clock (Fcy).
In Synchronous and Asynchronous Counter modes,

the input clock is derived from the external clock input
at the T1CK pin.

The Timer modes are determined by the following bits:

« Timer Clock Source Control bit: TCS (TLCON<1>)

» Timer Synchronization Control bit: TSYNC
(TLCON<2>)

« Timer Gate Control bit: TGATE (T1CON<6>)

The timer control bit settings for different operating
modes are given in the Table 12-1.

TABLE 12-1: TIMER MODE SETTINGS

Mode TCS TGATE TSYNC
Timer 0 0
Gated Timer 0 1
Synchronous 1 X 1
Counter
Asynchronous 1 X 0
Counter

FIGURE 12-1: 16-BIT TIMER1 MODULE BLOCK DIAGRAM
.| Gate Falling Edge
Syne Set T1IF Flag
_>
=)
Fcy | Prescaler 10
(fm) o
ﬁ Reset| TGATE
» 00 —> TMR1 -
TCKPS<1:.0>
TiCK x1 @ Equal
& > Pre(jﬁialler »| sync Comparator

TCKPS<1:0>

TGATE ﬁ

TCS

ﬁ TSYNC

PR1
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REGISTER 16-11: PWMCONx: PWM CONTROL x REGISTER (CONTINUED)

bit 7-6

bit 5

bit 4
bit 3

bit 2

bit 1

bit 0

Note 1:

DTC<1:0>: Dead-Time Control bits

11 = Dead-Time Compensation mode

10 = Dead-time function is disabled

01 = Negative dead time is actively applied for Complementary Output mode

00 = Positive dead time is actively applied for all output modes

DTCP: Dead-Time Compensation Polarity bit(*)

1 = If DTCMPx = 0, PWMXL is shortened and PWMxH is lengthened,;
If DTCMPx = 1, PWMXxH is shortened and PWMxL is lengthened

0 = If DTCMPx =0, PWMxH is shortened and PWMLx is lengthened;
If DTCMPx = 1, PWMXL is shortened and PWMxH is lengthened

Unimplemented: Read as ‘0’

MTBS: Master Time Base Select bit

1 = PWM generator uses the secondary master time base for synchronization and the clock source for
the PWM generation logic (if secondary time base is available)

0 = PWM generator uses the primary master time base for synchronization and the clock source for
the PWM generation logic

CAM: Center-Aligned Mode Enable bit(%:3:5)

1 = Center-Aligned mode is enabled

0 = Edge-Aligned mode is enabled

XPRES: External PWM Reset Control bit(®)

1 = Current-limit source resets the time base for this PWM generator if it is in Independent Time
Base mode

0 = External pins do not affect PWM time base

IUE: Immediate Update Enable bit

1 = Updates to the active MDC/PDCx/SDCXx registers are immediate
0 = Updates to the active PDCx registers are synchronized to the PWM time base

Software must clear the interrupt status here and in the corresponding IFSx bit in the interrupt controller.
The Independent Time Base mode (ITB = 1) must be enabled to use Center-Aligned mode. If ITB = 0, the
CAM bit is ignored.

These bits should not be changed after the PWM is enabled by setting PTEN (PTCON<15>) = 1.

For DTCP to be effective, DTC<1:0> must be set to ‘11’; otherwise, DTCP is ignored.

Center-Aligned mode ignores the Least Significant 3 bits of the Duty Cycle, Phase and Dead-Time
registers. The highest Center-Aligned mode resolution available is 8.32 ns with the clock prescaler set to
the fastest clock.

Configure CLMOD (FCLCONX<8>) = 0 and ITB (PWMCONx<9>) = 1 to operate in External Period
Reset mode.
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17.0 QUADRATURE ENCODER
INTERFACE (QEI) MODULE

This chapter describes the Quadrature Encoder Inter-
face (QEI) module and associated operational modes.
The QEI module provides the interface to incremental

Note 1: This data sheet summarizes the features encoders for obtaining mechanical position data.
of the dsPIC33FJ32GS406/606/608/610 The operational features of the QEI include:
and“ dsPIC3:§FJ64(§S40§/606/608/610 » Three Input Channels for Two Phase Signals and
families of devices. It is not intended to be Index Pulse
a comprehensive reference source. To . -
complement the information in this data 16-Bit UP/DO_W” Position Counter
sheet, refer to “Quadrature Encoder * Count Direction Status
Interface (QEI)” (DS70208) in the + Position Measurement (x2 and x4) mode
“dsPIC33/PIC24 Family Reference Man- » Programmable Digital Noise Filters on Inputs
ual”, which is available from the Microchip + Alternate 16-Bit Timer/Counter mode
web site (www.microchip.com). The infor- » Quadrature Encoder Interface Interrupts
matl_on in th's c_iata sheet supersedes These operating modes are determined by setting the
the information in the FRM. appropriate bits, QEIM<2:0> in (QEIXCON<10:8>).
2. Some registers and associated bits Figure 17-1 depicts the Quadrature Encoder Interface
described in this section may not be block diagram.
available on all devices. Refer to - - . -
Section 4.0 “Memory Organization” in Note: Atntx usbtietd n t:de nramief (r)f DISS;I ctontroll
this data sheet for device-specific register Sartlijsl ) SElarln d Iegnsribsr Xe_olesr 2a
and bit information. particular Q odule number (x =1 or 2).
FIGURE 17-1: QUADRATURE ENCODER INTERFACE x BLOCK DIAGRAM (x =1 OR 2)
TQCKPS<1:0>
Sleep Input TQCs Q 2
— XSynchronize Prescaler
Detect 1, 8, 64, 256
QEIM<2:0> ———4
TQGATE D Q QEIF
A\ Ao
Q
> 16Bit Up/Down Counter [
Programmable | 2 (POSXCNT) -
QEAX™ IE Digital Filter Quadrature Reset
— Encoder
UPDN_SRC _| Interface Logic Comparator/
Zero-D
QEIXCON<11> i ero-Detect Equal
O 3
QEIM<2:0> {}
! Mode Select Max Count Register
" (MAXXCNT)
Programmable | |
QeEBX IE Digital Filter
Programmable | |
INDXx® % Digital Filter
PCDOUT $3 Note 1: The QEI1 module can be connected to the QEA1/QEB1/INDX1
. ) or AQEA1/AQEB1/AINDX1 pins, which are controlled by clearing
o | EXisting Pin Logic or setting the ALTQIO bit in the FPOR Configuration register. See
UPDNXx Section 24.0 “Special Features” for more information.
1 Up/Down
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REGISTER 17-2: DFLTXCON: DIGITAL FILTER x CONTROL REGISTER

u-0 U-0 u-0 U-0 u-0 R/W-0 R/W-0 R/W-0
— — — — — IMV1 IMVO CEID
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 u-0 uU-0 uU-0 uU-0
QEOUT | QECK2 | QECKL | QECKO | — — — —
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 Unimplemented: Read as ‘0’
bit 10-9 IMV<1:0>: Index Match Value bits
These bits allow the user application to specify the state of the QEAx and QEBX input pins during an
index pulse when the POSXCNT register is to be reset.
In x4 Quadrature Count Mode:
IMV1 = Required state of Phase B input signal for match on index pulse
IMVO = Required state of Phase A input signal for match on index pulse
In x2 Quadrature Count Mode:
IMV1 = Selects phase input signal for index state match (0 = Phase A, 1 = Phase B)
IMVO = Required state of the selected phase input signal for match on index pulse
bit 8 CEID: Count Error Interrupt Disable bit
1 = Interrupts due to count errors are disabled
0 = Interrupts due to count errors are enabled
bit 7 QEOUT: QEAX/QEBX/INDXx Pin Digital Filter Output Enable bit
1 = Digital filter outputs are enabled
0 = Digital filter outputs are disabled (normal pin operation)
bit 6-4 QECK<2:0>: QEAX/QEBX/INDXx Digital Filter Clock Divide Select Bits
111 = 1:256 clock divide
110 = 1:128 clock divide
101 = 1:64 clock divide
100 = 1:32 clock divide
011 = 1:16 clock divide
010 = 1:4 clock divide
001 = 1:2 clock divide
000 = 1:1 clock divide
bit 3-0 Unimplemented: Read as ‘0’
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REGISTER 21-10: CxCFG2: ECANx BAUD RATE CONFIGURATION REGISTER 2

u-0 R/W-x u-0 U-0 u-0 R/W-x R/W-x R/W-x
— WAKFIL — — — 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
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

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

bit 15
bit 14

bit 13-11
bit 10-8

bit 7

bit 6

bit 5-3

bit 2-0

Unimplemented: Read as ‘0’

WAKEFIL: Select ECAN Bus Line Filter for Wake-up bit
1 = Uses ECAN bus line filter for wake-up

0 = ECAN bus line filter is not used for wake-up
Unimplemented: Read as ‘0’

SEG2PH<2:0>: Phase Segment 2 bits

111 = Length is 8 X TQ

000 = Lengthis 1 x TQ

SEG2PHTS: Phase Segment 2 Time Select bit

1 = Freely programmable

0 = Maximum of SEG1PHx bits or Information Processing Time (IPT), whichever is greater
SAM: Sample of the ECAN Bus Line bit

1 = Bus line is sampled three times at the sample point

0 = Bus line is sampled once at the sample point

SEG1PH<2:0>: Phase Segment 1 hits

111 =Lengthis 8 x TQ

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

000 = Lengthis 1 x TQ
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REGISTER 21-19: CxFMSKSEL2: ECANX FILTER 15-8 MASK SELECTION REGISTER 2

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
F15MSK1 F15MSKO F14MSK1 F14MSKO F13MSK1 F13MSKO F12MSK1 F12MSKO
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
F11MSK1 F11MSKO F10MSK1 F10MSKO FOMSK1 FOMSKO F8MSK1 F8MSKO
bit 7 bit 0

Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bitis cleared

X = Bit is unknown

bit 15-14

bit 13-12
bit 11-10
bit 9-8
bit 7-6
bit 5-4
bit 3-2
bit 1-0

F15MSK<1:0>: Mask Source for Filter 15 bits

11 = Reserved

10 = Acceptance Mask 2 registers contain mask
01 = Acceptance Mask 1 registers contain mask
00 = Acceptance Mask 0 registers contain mask

F14MSK<1:0>: Mask Source for Filter 14 bits (same values as bits<15:14>)
F13MSK<1:0>: Mask Source for Filter 13 bits (same values as bits<15:14>)
F12MSK<1:0>: Mask Source for Filter 12 bits (same values as bits<15:14>)
F11MSK<1:0>: Mask Source for Filter 11 bits (same values as bits<15:14>)
F10MSK<1:0>: Mask Source for Filter 10 bits (same values as bits<15:14>)
FOMSK<1:0>: Mask Source for Filter 9 bits (same values as bits<15:14>)

F8MSK<1:0>: Mask Source for Filter 8 bits (same values as bits<15:14>)
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27.0 ELECTRICAL CHARACTERISTICS

This section provides an overview of dsPIC33FJ32GS406/606/608/610 and dsPIC33FJ64GS406/606/608/610
electrical characteristics. Additional information will be provided in future revisions of this document as it becomes
available.

Absolute maximum ratings for the dsPIC33FJ32GS406/606/608/610 and dsPIC33FJ64GS406/606/608/610 family are
listed below. Exposure to these maximum rating conditions for extended periods may affect device reliability. Functional
operation of the device at these or any other conditions above the parameters indicated in the operation listings of this
specification is not implied.

Absolute Maximum Ratings®

Ambient temperature UNAEr DIBS.........cooiiiiiiiiiiie et -40°C to +125°C
SEOrage tEMPEIALUIE .....oeiiiieii et e e et e e e e e et e e e e e e sa e et e e e s s s e e e e e s sen e e e e e s e nree e e e esnnnneeens -65°C to +150°C
Voltage 0N VDD WIth FTESPECE 10 WSS ....iiiuiiiiiiiiiiiti ettt e et e e e e e e -0.3V to +4.0V
Voltage on any pin that is not 5V tolerant with respect to VSSE) e -0.3V to (VDD + 0.3V)
Voltage on any 5V tolerant pin with respect to Vss when VoD > 3.0V®) ... -0.3V to +5.6V
Voltage on any 5V tolerant pin with respect to Vss when VDD < B.OVE) e, -0.3V to (VDD + 0.3V)
MaxXimum CUTENE OUL OF WSS PN ...eeiiiiiiiiiiiii ettt ettt e s st e s e e e e r e e e s ane e e e nnneeennneeenas 300 mA
Maximum current into VDD pin(z) ........................................................................................................................... 250 mA
Maximum current sourced/sunk BY @ny 4X 1/O PiN.......eeoiiieiiee e 15 mA
Maximum current sourced/sunk By @any 8X 1/O PN ........eoiiiiiiiiiieiiie it 25 mA
Maximum current sourced/sunk by any 16X 1/O PN ......ceiiiiiiiiieiiee et na e 45 mA
Maximum current SUNK DY AI1 POTES .......oiiiiiiiiie ettt e et e e et e s e e e e snteeesrbeeeenes 200 mA
Maximum current sourced by all ports(z) ............................................................................................................... 200mA

Note 1: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions
above those indicated in the operation listings of this specification is not implied. Exposure to maximum
rating conditions for extended periods may affect device reliability.

2: Maximum allowable current is a function of the device maximum power dissipation (see Table 27-2).

3: See the “Pin Diagrams” section for 5V tolerant pins.
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TABLE 27-9: DC CHARACTERISTICS: I/0 PIN INPUT SPECIFICATIONS (CONTINUED)

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

Param

No. | Symbol Characteristic Min | Typ® | Max | Units Conditions
licL Input Low Injection Current
DI60a 0 — [ -5G58) | mA |All pins except VDD, Vss,
AVDD, AVss, MCLR,
Vcap, SOSCI, SOSCO
and RB11
licH Input High Injection Current
DI60b 0 — [+5G78) | mA | All pins except VDD, Vss,

AVDD, AVss, MCLR,
Vcap, SOSCI, SOSCO,
RB11 and digital 5V
tolerant designated

pins®
> lict | Total Input Injection Current
DI60C (sum of all /O and control pins) -209) — | +20® | mA |Absolute instantaneous
sum of all + input
injection currents from all
I/O pins
(IheL+]hcH]) < X et
Note 1: Data in “Typ” column is at 3.3V, +25°C unless otherwise stated.
2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels
represent normal operating conditions. Higher leakage current may be measured at different input voltages.
3: Negative current is defined as current sourced by the pin.
4: See the “Pin Diagrams” section for the list of 5V tolerant 1/O pins.
5. VIL source < (Vss — 0.3). Characterized but not tested.
6: VIH source > (VDD + 0.3) for non-5V tolerant pins only.
7: Digital 5V tolerant pins do not have an internal high side diode to VbD, and therefore, cannot tolerate any
“positive” input injection current.
8: Injection currents > | 0 | can affect the ADC results by approximately 4-6 counts.
9:  Any number and/or combination of I/O pins not excluded under licL or licH conditions are permitted,

provided the mathematical “absolute instantaneous” sum of the input injection currents from all pins do not
exceed the specified limit. Characterized but not tested.

10: RB11 has also been tested up to +8 pA test limits.
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