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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
58

32KB (32K x 8)

FLASH

4K x 8

3V ~ 3.6V

A/D 16x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

64-TQFP

64-TQFP (10x10)
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dsPIC33FJ32GS406/606/608/610 and dsPIC33FJ64GS406/606/608/610

Pin Diagrams (Continued)

80-Pin TQFP [l =Pins are up to 5V tolerant
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dsPIC33FJ32GS406/606/608/610 and dsPIC33FJ64GS406/606/608/610

411 PROGRAM MEMORY

ORGANIZATION

The program memory space is organized in word-
addressable blocks. Although it is treated as 24 bits
wide, it is more appropriate to think of each address of
the program memory as a lower and upper word, with
the upper byte of the upper word being unimplemented.
The lower word always has an even address, while the
upper word has an odd address (see Figure 4-2).

Program memory addresses are always word-aligned
on the lower word and addresses are incremented or
decremented by two during the code execution. This
arrangement provides compatibility with data memory
space addressing and makes data in the program
memory space accessible.

41.2 INTERRUPT AND TRAP VECTORS

All dsPIC33FJ32GS406/606/608/610 and
dsPIC33FJ64GS406/606/608/610 devices reserve the
addresses between 0x00000 and 0x000200 for hard-
coded program execution vectors. A hardware Reset
vector is provided to redirect code execution from the
default value of the PC on device Reset to the actual
start of code. A GOTOinstruction is programmed by the
user application at 0x000000, with the actual address
for the start of code at 0x000002.

The dsPIC33FJ32GS406/606/608/610 and
dsPIC33FJ64GS406/606/608/610 devices also have
two Interrupt Vector Tables (IVT), located from
0x000004 to 0xO000FF and 0x000100 to OxO001FF.
These vector tables allow each of the device interrupt
sources to be handled by separate Interrupt Service
Routines (ISRs). A more detailed discussion of the
Interrupt Vector Tables is provided in Section 7.1
“Interrupt Vector Table”.

FIGURE 4-2: PROGRAM MEMORY ORGANIZATION

msw most significant word least significant word PC Address

Address - A ~ A ~, (Isw Address)
23 16 8 0

0x000001 00000000 0x000000
0x000003 00000000 0x000002
0x000005 00000000 0x000004
0x000007 00000000 0x000006

Y

Program Memory
‘Phantom’ Byte
(read as ‘0)

Instruction Width
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dsPIC33FJ32GS406/606/608/610 and dsPIC33FJ64GS406/606/608/610

FIGURE 4-4. DATA MEMORY MAP FOR DEVICES WITH 8-KBYTE RAM
MSB LSB
Address 16 Bits Address
- -
MSb LSb
> Kbyt 0x0001 ' 0x0000
- y e -
SFR Space—| SFR Space e
Ox07FF | 0x0
0x0801 | 0x0800 8-Kbyte
X Data RAM (X) - Near Data
OX17FF | Ox17FE Space
0x1801 | 0x1800
Y Data RAM (Y)
Ox1FFF | — — — _ _ | OX1FFE |
0x2001 | 0x2000
OX27FF | O0x27FE
0x2801 [ 0x2800
I
I
oxgo001 | _ _ _ _ __ : ______ 0x8000
I
|
X Data
Unimplemented (X)
I
Optionally |
Mapped
into Program |
Memory |
I
I
I
OXFFFF | OXFFFE
1
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TABLE 4-10: INTERRUPT CONTROLLER REGISTER MAP FOR dsPIC33FJ32GS606 DEVICES (CONTINUED)

e | SR | Bit1s | Bit14 | Bit1s | Bit12 | Bitu | Bitl0 | Bito | Bits Bit7 Bit6 Bit5 Bit 4 Bit3 Bitz | Bit1 | Bito | A
IPC23 00D2 — PWM2IP2 | PWM2IP1 | PWM2IPO — PWM1IP2 | PWMLIP1 | PWMLIPO — — — — — — — — 4400
IPC24 00D4 — PWM6IP2 | PWM6IP1 | PWM6IPO — PWMSIP2 | PWMSIP1 | PWMSIPO — PWM4IP2 | PWM4IP1 | PWM4IPO — PWM3IP2 | PWM3IP1 | PWM3IPO | 4444
IPC25 00D6 — AC2IP2 | AC2IP1 | AC2IPO — — — — — — — — — — — — 4000
IPC26 00D8 — — — — — — — — — AC4IP2 AC4IP1 AC4IPO — AC3IP2 | AC3IP1 | AC3IPO | 0044
IPC27 00DA —  |ADCP1IP2|ADCP1IP1{ ADCP1IPO — ADCPOIP2 | ADCPOIP1 | ADCPOIPO — — — — — — — — 4400
IPC28 00DC —  |ADCP5IP2|ADCP5IP1{ ADCP5IPO — ADCP4IP2 | ADCP4IP1 | ADCP4IPO — ADCP3IP2 | ADCP3IP1 | ADCP3IPO — ADCP2IP2|ADCP2IP1|ADCP2IPO| 4444
IPC29 00DE — — — — — — — — — ADCP7IP2 | ADCP7IP1 | ADCP7IPO — ADCP6IP2 | ADCP6IP1| ADCP6IPO| 0004
INTTREG | 00EO — — — — ILR3 ILR2 ILR1 ILRO — VECNUMS | VECNUMS5 | VECNUM4 | VECNUM3 |VECNUM2 |VECNUM1|VECNUMO| 0000
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 4-25: 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 4-63: PMD REGISTER MAP FOR dsPIC33FJ64GS606 DEVICES
File | SFR |\ pi95 | Bit14 | Bit13 | Bit12 | Bitil | Bit10 Bit 9 Bits | Bit7 | Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bit1 | Bito | A
Name | Addr Resets
PMD1 0770 T5MD T4MD T3MD T2MD T1MD QEIIMD | PWMMD — 12C1IMD U2MD U1MD |SPI2MD| SPI1IMD — CiMD [ ADCMD | 0000
PMD2 0772 — — — — 1C4MD IC3MD IC2MD ICIMD — — — — OC4MD | OC3MD | OC2MD | OC1IMD | 0000
PMD3 | 0774 — — — — — CMPMD — — — — QEIRMD| — — — 12C2MD — 0000
PMD4 | 0776 — — — — — — — — — — — — | REFOMD — — — 0000
PMD6 077A — — PWM6MD | PWM5MD | PWM4MD | PWM3MD | PWM2MD | PWM1MD — — — — — — — — 0000
PMD7 077C — — — — CMP4MD | CMP3MD | CMP2MD | CMP1MD — — — — — — — — 0000
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-64: PMD REGISTER MAP FOR dsPIC33FJ32GS606 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 Bit 1 Bit 0 Resets
PMD1 | 0770 T5MD T4AMD T3MD T2MD TiIMD QEILMD | PWMMD — 12C1IMD | U2MD UIMD | SPI2MD | SPI1IMD — — ADCMD | 0000
PMD2 | 0772 — — — — IC4MD IC3MD IC2MD ICIMD — — — — OC4MD | OC3MD | OC2MD | OC1MD | 0000
PMD3 | 0774 — — — — — CMPMD — — — — QEI2MD — — — 12C2MD — 0000
PMD4 | 0776 — — — — — — — — — — — — REFOMD — — — 0000
PMD6 | 077A — — PWM6MD | PWM5MD | PWM4MD | PWM3MD |PWM2MD | PWM1MD — — — — — — — — 0000
PMD7 | 077C — — — — CMP4MD | CMP3MD | CMP2MD | CMP1MD — — — — — — — — 0000
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0. Reset values are shown in hexadecimal.
TABLE 4-65: PMD REGISTER MAP FOR dsPIC33FJ32GS406 AND dsPIC33FJ64GS406 DEVICES
File | SFR| pit15 | Bit14 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 Bits | Bit7 | Bite | Bits | Bit4 | Bit3a | Btz | Bit1 | Bito | A"
Name | Addr Resets
PMD1 | 0770 T5MD T4MD T3MD T2MD T1MD QEIIMD | PWMMD — 12C1IMD | U2MD U1MD | SPI2MD | SPIIMD — — ADCMD | 0000
PMD2 | 0772 — — — — IC4MD IC3MD IC2MD IC1IMD — — — — OC4MD | OC3MD | OC2MD | OC1MD | 0000
PMD3 | 0774 — — — — — — — — — — QEI2MD — — — 12C2MD — 0000
PMD4 | 0776 — — — — — — — — — — — — REFOMD — — — 0000
PMD6 | 077A — — PWM6MD | PWM5MD | PWM4MD | PWM3MD | PWM2MD | PWM1MD — — — — — — — — 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

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

REGISTER 7-3: INTCON1: INTERRUPT CONTROL REGISTER 1 (CONTINUED)

bit 3 ADDRERR: Address Error Trap Status bit

1 = Address error trap has occurred
0 = Address error trap has not occurred

bit 2 STKERR: Stack Error Trap Status bit

1 = Stack error trap has occurred
0 = Stack error trap has not occurred

bit 1 OSCFAIL: Oscillator Failure Trap Status bit

1 = Oscillator failure trap has occurred
0 = Oscillator failure trap has not occurred

bit 0 Unimplemented: Read as ‘0’
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dsPIC33FJ32GS406/606/608/610 and dsPIC33FJ64GS406/606/608/610

REGISTER 7-34:

IPC16: INTERRUPT PRIORITY CONTROL REGISTER 16

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

— — — — — U2EIP2 U2EIP1 U2EIPO
bit 15 bit 8

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

— U1EIP2 U1EIP1 U1EIPO — — — —
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 U2EIP<2:0>: UART2 Error 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 U1EIP<2:0>: UARTL1 Error 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’

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

REGISTER 7-40:

IPC24: INTERRUPT PRIORITY CONTROL REGISTER 24

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

— PWM6IP2 PWM6IP1 PWM6IPO — PWM5IP2 PWM5IP1 PWM5IPO
bit 15 bit 8

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

— PWM4IP2 PWM4IP1 PWM4IPO — PWM3IP2 PWM3IP1 PWM3IPO
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
bit 14-12

bit 11
bit 10-8

bit 7
bit 6-4

bit 3
bit 2-0

Unimplemented: Read as ‘0’
PWM6IP<2:0>: PWMS6 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority)
001 = Interrupt is Priority 1

000 = Interrupt source is disabled
Unimplemented: Read as ‘0’
PWM5IP<2:0>: PWMS5 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority)
001 = Interrupt is Priority 1

000 = Interrupt source is disabled
Unimplemented: Read as ‘0’
PWM4IP<2:0>: PWM4 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority)
001 = Interrupt is Priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’
PWM3IP<2:0>: PWMS3 Interrupt Priority bits
111 = Interrupt is Priority 7 (highest priority)
001 = Interrupt is Priority 1

000 = Interrupt source is disabled

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

REGISTER 16-24: LEBDLYx: LEADING-EDGE BLANKING DELAY x REGISTER

U-0 U-0 U-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — — LEB<8:5>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 U-0 U-0
LEB<4:0> — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 15-12 Unimplemented: Read as ‘0’
bit 11-3 LEB<8:0>: Leading-Edge Blanking Delay for Current-Limit and Fault Inputs bits
The value is in 8.32 ns increments.
bit 2-0 Unimplemented: Read as ‘0’
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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.
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REGISTER 20-1: UxMODE: UARTx MODE REGISTER

R/W-0 uU-0 R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0
UARTEN® — USIDL IREN® RTSMD — UEN1 UENO
bit 15 bit 8
R/W-0, HC R/W-0 R/W-0, HC R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
WAKE LPBACK ABAUD URXINV BRGH PDSEL1 PDSELO STSEL
bit 7 bit 0
Legend: HC = Hardware 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 UARTEN: UARTx Enable bit®

1 = UARTX is enabled; all UARTX pins are controlled by UARTx as defined by UEN<1:0>
0 = UARTX is disabled; all UARTx pins are controlled by port latches, UARTx power consumption is

minimal
bit 14 Unimplemented: Read as ‘0’
bit 13 USIDL: UARTX Stop in Idle Mode bit

1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode
bit 12 IREN: IrDA® Encoder and Decoder Enable bit(®)
1 = IrDA encoder and decoder are enabled
0 = IrDA encoder and decoder are disabled
bit 11 RTSMD: Mode Selection for UXRTS Pin bit
1 = UXRTS pin is in Simplex mode
0 = UXRTS pinis in Flow Control mode
bit 10 Unimplemented: Read as ‘0’
bit 9-8 UEN<1:0>: UARTX Pin Enable bits
11 = UXTX, UxRX and BCLK pins are enabled and used; UXCTS pin is controlled by port latches
10 = UXTX, UxRX, UXCTS and UXRTS pins are enabled and used
01 = UxTX, UxRX and UxRTS pins are enabled and used; UXCTS pin is controlled by port latches
00 = UxTX and UxRX pins are enabled and used; UXxCTS and UxRTS/BCLK pins are controlled by
port latches
bit 7 WAKE: Wake-up on Start bit Detect During Sleep Mode Enable bit
1 = UARTXx will continue to sample the UxRX pin; interrupt is generated on falling edge, bit is cleared
in hardware on following rising edge
0 = No wake-up is enabled
bit 6 LPBACK: UARTX Loopback Mode Select bit
1 = Enables Loopback mode
0 = Loopback mode is disabled
bit 5 ABAUD: Auto-Baud Enable bit
1 = Enables baud rate measurement on the next character — requires reception of a Sync field (55h)
before other data; cleared in hardware upon completion
0 = Baud rate measurement is disabled or completed

Note 1. Referto“UART” (DS70188) in the “dsPIC33/PIC24 Family Reference Manual” for information on
enabling the UART module for receive or transmit operation. That section of the manual is available on the
Microchip web site: www.microchip.com.

2. This feature is only available for the 16x BRG mode (BRGH = 0).
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REGISTER 21-1:

CxCTRL1: ECANx CONTROL REGISTER 1

u-0 u-0 RIW-0 RIW-0 r-0 RIW-1 RIW-0 RIW-0

— — CsIDL ABAT r | REQOP2 | REQOP1 | REQOPO
bit 15 bit 8

R-1 R-0 R-0 u-0 RIW-0 u-0 u-0 RIW-0
OPMODE2 | OPMODE1 | OPMODEO — CANCAP — — WIN
bit 7 bit 0
Legend: r = Reserved bit

R = Readable bit
-n = Value at POR

W = Writable bit

‘1’ = Bit is set ‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

X = Bit is unknown

bit 15-14
bit 13

bit 12

bit 11
bit 10-8

bit 7-5

bit 4
bit 3

bit 2-1
bit 0

Unimplemented: Read as ‘0’
CSIDL: ECANXx Stop in Idle Mode bit

1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode

ABAT: Abort All Pending Transmissions bit

1 = Signals all transmit buffers to abort transmission
0 = Module will clear this bit when all transmissions are aborted

Reserved: Do not use
REQOP<2:0>: Request Operation Mode bits

111 = Sets Listen All Messages mode
110 = Reserved

101 = Reserved

100 = Sets Configuration mode

011 = Sets Listen Only Mode

010 = Sets Loopback mode

001 = Sets Disable mode

000 = Sets Normal Operation mode

OPMODE<2:0>: Operation Mode bits

111 = Module is in Listen All Messages mode
110 = Reserved

101 = Reserved

100 = Module is in Configuration mode

011 = Module is in Listen Only mode

010 = Module is in Loopback mode

001 = Module is in Disable mode

000 = Module is in Normal Operation mode

Unimplemented: Read as ‘0’
CANCAP: ECAN Message Receive Timer Capture Event Enable bit

1 = Enables input capture based on ECAN message receive
0 = Disables ECAN capture

Unimplemented: Read as ‘0’
WIN: SFR Map Window Select bit

1 = Uses filter window
0 = Uses buffer window
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TABLE 25-2:  INSTRUCTION SET OVERVIEW (CONTINUED)

‘Ianj{tf Giiﬁ"lngzli{ Assembly Syntax Description V\;/#o ?(;S C)#fcoltfas Stztftfjsclt:ée:jgs
66 RRNC RRNC f f = Rotate Right (No Carry) f 1 1 N,Z
RRNC f, WREG WREG = Rotate Right (No Carry) f 1 1 N,Z
RRNC W, Wi Wd = Rotate Right (No Carry) Ws 1 1 N,Z
67 SAC SAC Acc, #Sl i t 4, Wlo Store Accumulator 1 1 None
SAC. R Acc, #Sl i t 4, Wlo Store Rounded Accumulator 1 1 None
68 SE SE Ws, Whd Wnd = Sign-Extended Ws 1 1 CN,Z
69 SETM SETM f f = OXFFFF 1 1 None
SETM WREG WREG = OxFFFF 1 1 None
SETM W Ws = OXFFFF 1 1 None
70 SFTAC SFTAC Acc, Wh Arithmetic Shift Accumulator by (Wn) 1 1 OA,0B,0AB,
SA,SB,SAB
SFTAC Acc,#Slit6 Arithmetic Shift Accumulator by Slit6 1 1 OA,0B,0AB,
SA,SB,SAB
71 SL SL f f = Left Shift f 1 1 C,N,0v,Z
SL f, WREG WREG = Left Shift f 1 1 C,N,0v,Z
SL W, Wi Wd = Left Shift Ws 1 1 C,N,0v,Z2
SL Wb, Whs, Whd Wnd = Left Shift Wb by Wns 1 1 N,Z
SL Wb, #1 i t5, Whd Wnd = Left Shift Wb by lit5 1 1 N,z
72 SuB SuB Acc Subtract Accumulators 1 1 OA,OB,0AB,
SA,SB,SAB
SUB f f=f-WREG 1 1 C,DC,N,0V,Z
SUB f, WREG WREG = f - WREG 1 1 C,DC,N,0V,Z
SUB #it10, Wh Wn = Wn - it10 1 1 C,DC,N,0V,Z
SUB Wb, W, W Wd = Wb - Ws 1 1 C,DC,N,0V,Z
SUB Wb, #lit5, Wi Wd = Wb - lit5 1 1 C,DC,N,0V,Z
73 SUBB SUBB f f=f-WREG - (6) 1 1 C,DC,N,0V,Z
SUBB f, WREG WREG =f - WREG — (E) 1 1 C,DC,N,0V,Z
SUBB #it10, W Wn = Wn —it10 — (C) 1 1 C,DC,N,0V,Z
SUBB Wb, V&, Wi Wd = Wb — Ws — (C) 1 1 C,DC,N,0V,Z
SUBB W, #lit5, Wi wd = Wb — lit5 — (C) 1 1 C,DC,N,0v,Z
74 SUBR SUBR f f=WREG - f 1 1 C,DC,N,0V,Z
SUBR f, WREG WREG = WREG - f 1 1 C,DC,N,0V,Z
SUBR W, W, W Wwd = Ws - Wb 1 1 C,DC,N,0V,Z
SUBR Wb, #lit5, Wl wd = it — Wb 1 1 C,DC,N,0V,Z
75 SUBBR SUBBR f f=WREG —f— (6) 1 1 C,DC,N,0V,Z
SUBBR f, WREG WREG = WREG —f - (E) 1 1 C,DC,N,0V,Z
SUBBR Wb, W, Wi Wd = Ws — Wb — (C) 1 1 C,DC,N,0V,Z
SUBBR Wb, #lit5, Wi wd = [its — Wb — (C) 1 1 C,DC,N,0V,Z
76 SWAP SWAP.b W Wn = Nibble Swap Wn 1 1 None
SWAP Wh Whn = Byte Swap Wn 1 1 None
7 TBLRDH TBLRDH W, W Read Prog<23:16> to Wd<7:0> 1 2 None
78 TBLRDL TBLRDL W, W Read Prog<15:0> to Wd 1 2 None
79 TBLWIH TBLWIH W, W Write Ws<7:0> to Prog<23:16> 1 2 None
80 TBLWIL TBLWIL W, W Write Ws to Prog<15:0> 1 2 None
81 ULNK ULNK Unlink Frame Pointer 1 1 None
82 XOR XOR f f=f.XOR. WREG 1 1 N,Z
XOR f, WREG WREG = f .XOR. WREG 1 1 N,Z
XOR #it10, W Wd = 1it10 .XOR. Wd 1 1 N,Z
XOR Wb, W, W Wd = Wb .XOR. Ws 1 1 N,Z
XOR Wb, #lit5, Wl Wd = Wb .XOR. lit5 1 1 N,Z
83 ZE ZE W, Wid Wnd = Zero-Extend Ws 1 1 C,ZN
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TABLE 27-6:

DC CHARACTERISTICS: IDLE CURRENT (IIDLE)

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

Parilrgeter Typical® Max Units Conditions

Idle Current (IIDLE): Core Off, Clock On Base Current®

DC40d 8 15 mA -40°C

DC40a 9 15 mA +25°C
3.3V 10 MIPS

DC40b 9 15 mA +85°C

DC40c 10 15 mA +125°C

DC41d 11 20 mA -40°C

DC41la 11 20 mA +25°C 3
3.3V 16 MIPS®)

DC41b 11 20 mA +85°C

DC41c 12 20 mA +125°C

DC42d 14 25 mA -40°C

DC42a 14 25 mA +25°C 3
3.3V 20 MIPS®)

DC42b 14 25 mA +85°C

DC42c 15 25 mA +125°C

DC43d 20 30 mA -40°C

DC43a 20 30 mA +25°C 3
3.3V 30 MIPS®)

DC43b 21 30 mA +85°C

DC43c 22 30 mA +125°C

DC44d 29 40 mA -40°C

DC44a 29 40 mA +25°C
3.3V 40 MIPS

DC44b 30 40 mA +85°C

DC44c 31 40 mA +125°C

Note 1: Data in “Typical” column is at 3.3V, +25°C unless otherwise stated.
2: Base Idle current (lIIDLE) is measured as follows:

3: These parameters are characterized but not tested in manufacturing.

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 = Vbbp, WDT and FSCM are disabled

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

all ‘0’s)
JTAG is disabled
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FIGURE 27-6: INPUT CAPTURE x (ICx) TIMING CHARACTERISTICS
- w
l«—IC10—=' '=——IC1l—! .
IC15
Note: Refer to Figure 27-1 for load conditions.

TABLE 27-26: INPUT CAPTURE x TIMING REQUIREMENTS

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

AC CHARACTERISTICS

Pzrgm Symbol Characteristictt) Min Max Units Conditions
IC10 TecL ICx Input Low Time | No Prescaler 0.5Tcy + 20 — ns
With Prescaler 10 — ns
IC11 | TccH ICx Input High Time | No Prescaler 0.5Tey + 20 — ns
With Prescaler 10 — ns
IC15 |TccP ICx Input Period (Tcy + 40)/N — ns | N = Prescale value
(1,4,16)
Note 1: These parameters are characterized but not tested in manufacturing.
FIGURE 27-7: OUTPUT COMPARE x (OCx) MODULE TIMING CHARACTERISTICS

OCx T 1
(Output Compare ' .
or PWM Mode) X !

OCll— '+ OCL0—=: I«

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

TABLE 27-27: OUTPUT COMPARE x MODULE TIMING REQUIREMENTS

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

AC CHARACTERISTICS

Pilrjm Symbol Characteristic() Min Typ Max Units Conditions
OC10 |TccF OCx Output Fall Time — — — ns |See Parameter DO32
OC11 |TccR OCx Output Rise Time — — — ns |See Parameter DO31

Note 1: These parameters are characterized but not tested in manufacturing.
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28.2 AC Characteristics and Timing Parameters

This section defines the dsPIC33FJ32GS406/606/608/610 and dsPIC33FJ64GS406/606/608/610 AC characteristics
and timing parameters for 50 MIPS devices.

TABLE 28-5: EXTERNAL CLOCK TIMING REQUIREMENTS

Standard Operating Conditions: 3.0V to 3.6V
AC CHARACTERISTICS (unless otherwise stated)
Operating temperature  -40°C < TA < +85°C for Industrial

P?\lrjm Symb Characteristic Min Typ(l) Max Units Conditions
MOS10 |FIN External CLKI Frequency DC — 50 MHz |EC

(External clocks allowed only

in EC and ECPLL modes)

Oscillator Crystal Frequency 3.5 — 10 MHz | XT

— — 33 kHz |SOSC
10 — 50 MHz |HS
MOS20 |Tosc |Tosc = 1/Fosc 10 — DC ns
MOS25 |Tcy | Instruction Cycle Time® 20 — DC ns
MOS30 |TosL, |External Clockin (OSC1) 0.375 x Tosc — 0.625 x Tosc ns |EC
TosH |High or Low Time
MOS31 |TosR, |External Clock in (OSC1) — — 20 ns |EC
TosF |Rise or Fall Time

MOS40 |TckR |CLKO Rise Time®) — 5.2 — ns
MOS41 |TckF | CLKO Fall Time®) — 5.2 — ns
MOS41 |Gm External Oscillator 14 16 18 mA/V | VDD = 3.3V,

Transconductance TA = +25°C

Note 1: Data in “Typ” column is at 3.3V, +25°C unless otherwise stated.

2: Instruction cycle period (Tcy) equals two times the input oscillator time base period. All specified values
are based on characterization data for that particular oscillator type under standard operating conditions
with the device executing code. Exceeding these specified limits may result in an unstable oscillator
operation and/or higher than expected current consumption. All devices are tested to operate at “min.”
values with an external clock applied to the OSC1/CLKI pin. When an external clock input is used, the
“max.” cycle time limit is “DC” (no clock) for all devices.

3:  Measurements are taken in EC mode. The CLKO signal is measured on the OSC2 pin.
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100-Lead Plastic Thin Quad Flatpack (PF) — 14x14x1 mm Body, 2.00 mm [TQFP]

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

Dimension Limits MIN | NOM MAX
Number of Leads N 100
Lead Pitch e 0.50 BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.95 1.00 1.05
Standoff A1 0.05 - 0.15
Foot Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle ) 0° 3.5° 7°
Overall Width E 16.00 BSC
Overall Length D 16.00 BSC
Molded Package Width E1 14.00 BSC
Molded Package Length D1 14.00 BSC
Lead Thickness ¢ 0.09 - 0.20
Lead Width b 0.17 0.22 0.27
Mold Draft Angle Top o 11° 12° 13°
Mold Draft Angle Bottom § 11° 12° 13°

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
. Chamfers at corners are optional; size may vary.

2
3. Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.25 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-110B
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