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Welcome to E-XFL.COM

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"

CANbDus, I2C, IrDA, LINbus, SPI, UART/USART

Brown-out Detect/Reset, DMA, POR, PWM, WDT

35

256KB (85.5K x 24)
FLASH

16K x 16

3V ~ 3.6V

A/D 9x10b/12b
Internal

-40°C ~ 125°C (TA)
Surface Mount
44-VQFN Exposed Pad
44-QFN (8x8)
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

Pin Diagrams (Continued)

64-Pin QFN(12:3:4) B = Pins are up to 5V tolerant
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RPI46/PWM1H/T3CK/RB14 [ll 2 RC13
RPI47/PWM1L/T5CK/RB15 [l 3 RP39/INTO/RB7

RP118/RG6 [I] 4 RPI58/RC10
RPI119/RG7 ||l 5 dsPIC33EP64MC206/506 44 Bl PGEC2/ASCL2/RP38/RB6
RP120/RG8 [l 6 dsPIC33EP128MC206/506 PGED2/ASDA2/RP37/RB5
MCLRl] 7 dsPIC33EP256MC206/506 RD8
RPI121/RGI [l 8 dsPIC33EP512MC206/506 Vss
Vss| ]9 PIC24EP64MC206 0OSC2/CLKO/RC15
vop[] 10 PIC24EP128MC206 OSC1/CLKIRC12
AN10/RPI28/RA12[] 11 PIC24EP256MC206 VDD
ANY/RPI27/RA11[] 12 PIC24EP512MC206 SCL1/RPI53/RC5
ANO/OA20UT/RAO[] 13 SDA1/RPI52/RC4
AN1/C2IN1+/RA1[] 14 SCK1/RPI51/RC3
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Note 1: The RPn/RPIn pins can be used by any remappable peripheral with some limitation. See Section 11.4

“Peripheral Pin Select (PPS)” for available peripherals and for information on limitations.

2:  Every l/O port pin (RAx-RGXx) can be used as a Change Notification pin (CNAx-CNGXx). See Section 11.0 “1/O
Ports” for more information.

3:  This pin is not available as an input when OPMODE (CMxCON<10>) = 1.

4:  The metal pad at the bottom of the device is not connected to any pins and is recommended to be connected
to Vss externally.

5:  There is an internal pull-up resistor connected to the TMS pin when the JTAG interface is active. See the
JTAGEN bit field in Table 27-2.
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TABLE 4-21: ECAN1 REGISTER MAP WHEN WIN (C1CTRL1<0>) =0 OR 1 FOR dsPIC33EPXXXMC/GP50X DEVICES ONLY

File 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 Regléts
C1CTRL1 0400 — — CSIDL ABAT | CANCKS REQOP<2:0> OPMODE<2:0> — CANCAP — — WIN 0480
CICTRL2 0402 | — — — — — — | =1 = — — | = DNCNT<4:0> 0000
C1VEC 0404 — — — FILHIT<4:0> — ICODE<6:0> 0040
CAFCTRL 0406 DMABS<2:0> — 1 =1 =1 = — — — FSA<4:0> 0000
C1FIFO 0408 — — FBP<5:0> — — FNRB<5:0> 0000
C1INTF 040A — — TXBO TXBP RXBP | TXWAR | RXWAR | EWARN IVRIF WAKIF | ERRIF — FIFOIF | RBOVIF | RBIF TBIF 0000
C1INTE 040C — — — — — — — — IVRIE WAKIE | ERRIE — FIFOIE | RBOVIE | RBIE TBIE 0000
C1EC 040E TERRCNT<7:0> RERRCNT<7:0> 0000
C1CFG1 0410 | — — — — — — — [ = SIW<1:0> BRP<5:0> 0000
C1CFG2 0412 — WAKEFIL — — — SEG2PH<2:0> SEG2PHTS | SAM SEG1PH<2:0> PRSEG<2:0> 0000
C1FEN1 0414 | FLTEN15 | FLTEN14 | FLTEN13 | FLTEN12 | FLTEN11 | FLTEN10 | FLTEN9 | FLTEN8 FLTEN7 FLTENG6 | FLTEN5 | FLTEN4 | FLTEN3 | FLTEN2 | FLTEN1 | FLTENO | FFFF
C1FMSKSEL1 | 0418 F7MSK<1:0> F6MSK<1:0> F5MSK<1:0> F4MSK<1:0> F3MSK<1:0> F2MSK<1:0> F1MSK<1:0> FOMSK<1:0> 0000
C1FMSKSEL2 | 041A F15MSK<1:0> F14MSK<1:0> F13MSK<1:0> F12MSK<1:0> F11MSK<1:0> F10MSK<1:0> FOMSK<1:0> F8MSK<1:0> 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-22: ECAN1 REGISTER MAP WHEN WIN (C1CTRL1<0>) = 0 FOR dsPIC33EPXXXMC/GP50X DEVICES ONLY

File Name | Addr | Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Re’:”ets

0400- See definition when WIN = x
041E

C1RXFUL1 | 0420 | RXFUL15 | RXFUL14 | RXFUL13 | RXFUL12 | RXFUL11 | RXFUL10 | RXFUL9 | RXFUL8 | RXFUL7 | RXFUL6 | RXFUL5 | RXFUL4 | RXFUL3 | RXFUL2 | RXFUL1 | RXFULO | 0000
C1RXFUL2 | 0422 | RXFUL31 | RXFUL30 | RXFUL29 | RXFUL28 | RXFUL27 | RXFUL26 | RXFUL25 | RXFUL24 | RXFUL23 | RXFUL22 | RXFUL21 | RXFUL20 | RXFUL19 | RXFUL18 | RXFUL17 | RXFUL16 | 0000
C1RXOVF1 | 0428 | RXOVF15 | RXOVF14 | RXOVF13 | RXOVF12 | RXOVF11 |RXOVF10| RXOVF9 | RXOVF8 | RXOVF7 | RXOVF6 | RXOVF5 | RXOVF4 | RXOVF3 | RXOVF2 | RXOVF1 | RXOVFO | 0000
C1RXOVF2 | 042A | RXOVF31 | RXOVF30 | RXOVF29 | RXOVF28 | RXOVF27 | RXOVF26 | RXOVF25 | RXOVF24 | RXOVF23 | RXOVF22 | RXOVF21 | RXOVF20 | RXOVF19 | RXOVF18 | RXOVF17 | RXOVF16 | 0000
C1TRO1CON| 0430 | TXEN1 | TXABT1 | TXLARB1 | TXERR1 | TXREQ1 | RTREN1 TX1PRI<1:0> TXENO | TXABATO | TXLARBO | TXERRO | TXREQO | RTRENO TXOPRI<1:0> 0000
C1TR23CON | 0432 | TXEN3 | TXABT3 | TXLARB3 | TXERR3 | TXREQ3 | RTREN3 TX3PRI<1:0> TXEN2 | TXABAT2 | TXLARB2 | TXERR2 | TXREQ2 | RTREN2 TX2PRI<1:0> 0000
C1TR45CON | 0434 | TXEN5 | TXABT5 | TXLARB5 | TXERR5 | TXREQ5 | RTRENS TX5PRI<1:0> TXEN4 | TXABAT4 | TXLARB4 | TXERR4 | TXREQ4 | RTREN4 TX4PRI<1:0> 0000
C1TR67CON| 0436 | TXEN7 | TXABT7 | TXLARB7 | TXERR7 | TXREQ7 | RTREN7 TX7PRI<1:0> TXEN6 | TXABAT6 | TXLARB6 | TXERR6 | TXREQ6 | RTREN6 TX6PRI<1:0> XXXX
C1RXD 0440 ECAN1 Receive Data Word XXXX
C1TXD 0442 ECAN1 Transmit Data Word XXXX
Legend: x =unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

4.4.1 PAGED MEMORY SCHEME

The dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/
50X and PIC24EPXXXGP/MC20X architecture
extends the available Data Space through a paging
scheme, which allows the available Data Space to
be accessed using MOV instructions in a linear
fashion for pre-modified and post-modified Effective
Addresses (EA). The upper half of the base Data
Space address is used in conjunction with the Data
Space Page registers, the 10-bit Read Page register
(DSRPAG) or the 9-bit Write Page register
(DSWPAG), to form an Extended Data Space (EDS)

EXAMPLE 4-1:

address or Program Space Visibility (PSV) address.
The Data Space Page registers are located in the
SFR space.

Construction of the EDS address is shown in
Example 4-1. When DSRPAG<9> = 0 and the base
address bit, EA<15> =1, the DSRPAG<8:0> bits are
concatenated onto EA<14:0> to form the 24-bit EDS
read address. Similarly, when base address bit,
EA<15> = 1, DSWPAG<8:0> are concatenated onto
EA<14:0> to form the 24-bit EDS write address.

EXTENDED DATA SPACE (EDS) READ ADDRESS GENERATION

Byte
16-Bit DS EA Select
EA<15> = 0 ' : '
= 0
(DSRPAG = Don't care) | NoEDS Access | 0 | EA |
| I
E,|A<15>
Generate | f !
PSV Address | 1) EA |
|
| o "
| Select | | |
DSRPAG . | |
[0o"  DsrPAG<so0> | | |
| | o
|
- 9 Bits > 15 Bits >
Y +/
24-Bit EDS EA Byte
Select

Note: DS read access when DSRPAG = 0x000 will force an address error trap.

© 2011-2013 Microchip Technology Inc.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 8-13: DMALCA: DMA LAST CHANNEL ACTIVE STATUS REGISTER

U-0 U-0 U-0 U-0 u-0 U-0 U-0 U-0
bit 15 bit 8
u-0 U-0 U-0 U-0 R-1 R-1 R-1 R-1
_ — — — LSTCH<3:0>
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 15-4 Unimplemented: Read as ‘0’
bit 3-0 LSTCH<3:0>: Last DMAC Channel Active Status bits

1111 = No DMA transfer has occurred since system Reset
1110 = Reserved

0100 = Reserved

0011 = Last data transfer was handled by Channel 3
0010 = Last data transfer was handled by Channel 2
0001 = Last data transfer was handled by Channel 1
0000 = Last data transfer was handled by Channel 0

DS70000657H-page 150 © 2011-2013 Microchip Technology Inc.



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 11-10: RPINR18: PERIPHERAL PIN SELECT INPUT REGISTER 18

U-0 u-0 uU-0 u-0 uU-0 uU-0 uU-0 uU-0
bit 15 bit 8
uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— U1RXR<6:0>
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 15-7 Unimplemented: Read as ‘0’
bit 6-0 U1RXR<6:0>: Assign UART1 Receive (U1RX) to the Corresponding RPn Pin bits

(see Table 11-2 for input pin selection numbers)
1111001 = Input tied to RP1121

0000001 = Input tied to CMP1
0000000 = Input tied to Vss

REGISTER 11-11: RPINR19: PERIPHERAL PIN SELECT INPUT REGISTER 19

uU-0 U-0 u-0 U-0 U-0 U-0 U-0 U-0
bit 15 bit 8
U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— U2RXR<6:0>
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 15-7 Unimplemented: Read as ‘0’
bit 6-0 U2RXR<6:0>: Assign UART2 Receive (U2RX) to the Corresponding RPn Pin bits

(see Table 11-2 for input pin selection numbers)
1111001 = Input tied to RP1121

0000001 = Input tied to CMP1
0000000 = Input tied to Vss

© 2011-2013 Microchip Technology Inc. DS70000657H-page 191



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 11-24: RPORG6: PERIPHERAL PIN SELECT OUTPUT REGISTER 6

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
_ — RP57R<5:0>
bit 15 bit 8
U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP56R<5:0>
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 15-14 Unimplemented: Read as ‘0’

bit 13-8 RP57R<5:0>: Peripheral Output Function is Assigned to RP57 Output Pin bits
(see Table 11-3 for peripheral function numbers)

bit 7-6 Unimplemented: Read as ‘0’

bit 5-0

RP56R<5:0>: Peripheral Output Function is Assigned to RP56 Output Pin bits

(see Table 11-3 for peripheral function numbers)

REGISTER 11-25: RPOR7: PERIPHERAL PIN SELECT OUTPUT REGISTER 7

U-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RP97R<5:0>
bit 15 bit 8
uU-0 u-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
bit 15-14 Unimplemented: Read as ‘0’
bit 13-8 RP97R<5:0>: Peripheral Output Function is Assigned to RP97 Output Pin bits
(see Table 11-3 for peripheral function numbers)
bit 7-0 Unimplemented: Read as ‘0’

DS70000657H-page 200
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 16-7:

PWMCONXx: PWMx CONTROL REGISTER

HS/HC-0 HS/HC-0 HS/HC-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
FLTSTAT® | cLSTAT® | TRGSTAT FLTIEN CLIEN TRGIEN ITB®@ MDCS®@
bit 15 bit 8
R/W-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
DTC1 DTCO DTCP®) — MTBS cAM@4) | xPRESC) IUE®@
bit 7 bit 0

Legend: HC = Hardware Clearable bit HS = Hardware Settable 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

FLTSTAT: Fault Interrupt Status bit™®

1 = Fault interrupt is pending

0 = No Fault interrupt is pending

This bit is cleared by setting FLTIEN = 0.
CLSTAT: Current-Limit Interrupt Status bit(1)
1 = Current-limit interrupt is pending

0 = No current-limit interrupt is pending
This bit is cleared by setting CLIEN = 0.
TRGSTAT: Trigger Interrupt Status bit

1 = Trigger interrupt is pending

0 = No trigger interrupt is pending

This bit is cleared by setting TRGIEN = 0.
FLTIEN: Fault Interrupt Enable bit

1 = Fault interrupt is enabled
0 = Fault interrupt is disabled and the FLTSTAT bit is cleared

CLIEN: Current-Limit Interrupt Enable bit

1 = Current-limit interrupt is enabled

0 = Current-limit interrupt is disabled and the CLSTAT bit is cleared
TRGIEN: Trigger Interrupt Enable bit

1 = A trigger event generates an interrupt request

0 = Trigger event interrupts are disabled and the TRGSTAT bit is cleared
ITB: Independent Time Base Mode bit(2)

1 = PHASEX register provides time base period for this PWM generator
0 = PTPER register provides timing for this PWM generator

MDCS: Master Duty Cycle Register Select bit(®

1 = MDC register provides duty cycle information for this PWM generator
0 = PDCx register provides duty cycle information for this PWM generator

bit 15

bit 14

bit 13

bit 12

bit 11

bit 10

bit 9

bit 8

Note 1: Software must clear the interrupt status here and in the corresponding IFSx bit in the interrupt controller.
2.  These bits should not be changed after the PWMx is enabled (PTEN = 1).
3: DTC<1:0> =11 for DTCP to be effective; otherwise, DTCP is ignored.

4: The Independent Time Base (ITB = 1) mode must be enabled to use Center-Aligned mode. If ITB = 0, the
CAM bit is ignored.

5. To operate in External Period Reset mode, the ITB bit must be ‘1’ and the CLMOD bit in the FCLCONXx
register must be ‘0’.

© 2011-2013 Microchip Technology Inc. DS70000657H-page 235



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 16-13: IOCONx: PWMx /O CONTROL REGISTER® (CONTINUED)

bit 1 SWAP: SWAP PWMxH and PWMxL Pins bit
1= PWMxH output signal is connected to PWMxL pins; PWMXxL output signal is connected to
PWMxH pins
0 = PWMxH and PWMxL pins are mapped to their respective pins
bit 0 OSYNC: Output Override Synchronization bit

1 = Qutput overrides via the OVRDAT<1:0> bits are synchronized to the PWMx period boundary
0 = Output overrides via the OVDDAT<1:0> bits occur on the next CPU clock boundary

Note 1. These bits should not be changed after the PWMx module is enabled (PTEN = 1).
2:  If the PWMLOCK Configuration bit (FOSCSEL<6>) is a ‘1’, the IOCONX register can only be written after
the unlock sequence has been executed.

© 2011-2013 Microchip Technology Inc. DS70000657H-page 241



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 16-18: AUXCONx: PWMx AUXILIARY CONTROL REGISTER

u-0

u-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0

— — — BLANKSEL3 | BLANKSEL2 | BLANKSEL1 | BLANKSELO

bit 15

bit 8

u-0

u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— CHOPSEL3 | CHOPSEL2 | CHOPSEL1 | CHOPSELO | CHOPHEN | CHOPLEN

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
bit 11-8

bit 7-6
bit 5-2

bit 1

bit 0

Unimplemented: Read as ‘0’
BLANKSEL<3:0>: PWMx State Blank Source Select bits

The selected state blank signal will block the current-limit and/or Fault input signals (if enabled via the
BCH and BCL bits in the LEBCONX register).
1001 = Reserved

0100 = Reserved

0011 = PWM3H selected as state blank source

0010 = PWM2H selected as state blank source

0001 = PWM1H selected as state blank source

0000 = No state blanking

Unimplemented: Read as ‘0’

CHOPSEL<3:0>: PWMx Chop Clock Source Select bits

The selected signal will enable and disable (CHOP) the selected PWMx outputs.
1001 = Reserved

0100 = Reserved

0011 = PWM3H selected as CHOP clock source

0010 = PWM2H selected as CHOP clock source

0001 = PWM1H selected as CHOP clock source

0000 = Chop clock generator selected as CHOP clock source

CHOPHEN: PWMxH Output Chopping Enable bit
1 = PWMxH chopping function is enabled
0 = PWMxH chopping function is disabled
CHOPLEN: PWMXxL Output Chopping Enable bit

1 = PWMxL chopping function is enabled
0 = PWMXxL chopping function is disabled

© 2011-2013 Microchip Technology Inc. DS70000657H-page 247



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 17-2: QEI1IOC: QEI1 /O CONTROL REGISTER (CONTINUED)

bit 2 INDEX: Status of INDXx Input Pin After Polarity Control
1= Pinis at logic ‘1’
0 = Pinis at logic ‘0’

bit 1 QEB: Status of QEBx Input Pin After Polarity Control And SWPAB Pin Swapping
1= Pinis atlogic ‘1’
0 = Pinis at logic ‘0’

bit 0 QEA: Status of QEAX Input Pin After Polarity Control And SWPAB Pin Swapping
1= Pinis atlogic ‘1’
0 = Pinis at logic ‘0’

© 2011-2013 Microchip Technology Inc. DS70000657H-page 255



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 19-1: [2CxCON: 12Cx CONTROL REGISTER (CONTINUED)

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Note 1:

STREN: SCLx Clock Stretch Enable bit (when operating as 12C slave)

Used in conjunction with the SCLREL bit.
1 = Enables software or receives clock stretching
0 = Disables software or receives clock stretching

ACKDT: Acknowledge Data bit (when operating as 12C master, applicable during master receive)

Value that is transmitted when the software initiates an Acknowledge sequence.
1 = Sends NACK during Acknowledge
0 = Sends ACK during Acknowledge

ACKEN: Acknowledge Sequence Enable bit
(when operating as I°C master, applicable during master receive)

1 = Initiates Acknowledge sequence on SDAx and SCLx pins and transmits ACKDT data bit. Hardware
is clear at the end of the master Acknowledge sequence.
0 = Acknowledge sequence is not in progress

RCEN: Receive Enable bit (when operating as 1°C master)

1 = Enables Receive mode for I12C. Hardware is clear at the end of the eighth bit of the master receive
data byte.
0 = Receive sequence is not in progress

PEN: Stop Condition Enable bit (when operating as I°C master)

1 = Initiates Stop condition on SDAx and SCLx pins. Hardware is clear at the end of the master Stop
sequence.

0 = Stop condition is not in progress

RSEN: Repeated Start Condition Enable bit (when operating as 12c master)

1 = Initiates Repeated Start condition on SDAx and SCLx pins. Hardware is clear at the end of the
master Repeated Start sequence.

0 = Repeated Start condition is not in progress

SEN: Start Condition Enable bit (when operating as 12c master)

1 = Initiates Start condition on SDAx and SCLx pins. Hardware is clear at the end of the master Start
sequence.
0 = Start condition is not in progress

When performing master operations, ensure that the IPMIEN bit is set to ‘0’.

© 2011-2013 Microchip Technology Inc. DS70000657H-page 277



dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 19-2: [2CxXSTAT: I12Cx STATUS REGISTER (CONTINUED)

bit 3 S: Start bit
1 = Indicates that a Start (or Repeated Start) bit has been detected last
0 = Start bit was not detected last
Hardware is set or clear when a Start, Repeated Start or Stop is detected.
bit 2 R_W: Read/Write Information bit (when operating as I°C slave)
1 = Read — Indicates data transfer is output from the slave
0 = Write — Indicates data transfer is input to the slave
Hardware is set or clear after reception of an I2C device address byte.
bit 1 RBF: Receive Buffer Full Status bit
1 = Receive is complete, I2CxRCV is full
0 = Receive is not complete, I2CxRCV is empty
Hardware is set when I2CxRCV is written with a received byte. Hardware is clear when software reads
I2CxRCV.
bit 0 TBF: Transmit Buffer Full Status bit
1 = Transmit in progress, I2CxTRN is full
0 = Transmit is complete, I2CxTRN is empty
Hardware is set when software writes to I2CxTRN. Hardware is clear at completion of a data transmission.
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REGISTER 19-3: [2CxMSK: 12Cx SLAVE MODE ADDRESS MASK REGISTER

u-0 U-0 U-0 U-0 U-0 u-0 R/W-0 R/W-0
— — — — — — AMSK9 AMSKS8
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
AMSK7 AMSK6 AMSKS5 AMSK4 AMSK3 AMSK2 AMSKA1 AMSKO
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 15-10 Unimplemented: Read as ‘0’
bit 9-0 AMSK<9:0>: Address Mask Select bits

For 10-Bit Address:

1 = Enables masking for bit Ax of incoming message address; bit match is not required in this position
0 = Disables masking for bit Ax; bit match is required in this position

For 7-Bit Address (I2CxMSK<6:0> only):

1 = Enables masking for bit Ax + 1 of incoming message address; bit match is not required in this position
0 = Disables masking for bit Ax + 1; bit match is required in this position
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REGISTER 22-2: CTMUCON2: CTMU CONTROL 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
EDG1MOD | EDG1POL | EDG1SEL3 | EDG1SEL2 | EDG1SEL1 | EDG1SELO | EDG2STAT | EDG1STAT
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 uU-0 uU-0

EDG2MOD | EDG2POL | EDG2SEL3 | EDG2SEL2 | EDG2SEL1 | EDG2SELO — —

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 EDG1MOD: Edge 1 Edge Sampling Mode Selection bit

1 = Edge 1 is edge-sensitive
0 = Edge 1 is level-sensitive
bit 14 EDG1POL: Edge 1 Polarity Select bit

1 = Edge 1 is programmed for a positive edge response

0 = Edge 1 is programmed for a negative edge response
bit 13-10 EDG1SEL<3:0>: Edge 1 Source Select bits

1xxx = Reserved

01xx = Reserved

0011 = CTED1 pin

0010 = CTED2 pin

0001 = OC1 module

0000 = Timer1 module

bit 9 EDG2STAT: Edge 2 Status bit

Indicates the status of Edge 2 and can be written to control the edge source.
1 = Edge 2 has occurred
0 = Edge 2 has not occurred

bit 8 EDGI1STAT: Edge 1 Status bit

Indicates the status of Edge 1 and can be written to control the edge source.
1 = Edge 1 has occurred
0 = Edge 1 has not occurred
bit 7 EDG2MOD: Edge 2 Edge Sampling Mode Selection bit
1 = Edge 2 is edge-sensitive
0 = Edge 2 is level-sensitive
bit 6 EDG2POL: Edge 2 Polarity Select bit
1 = Edge 2 is programmed for a positive edge response
0 = Edge 2 is programmed for a negative edge response
bit 5-2 EDG2SEL<3:0>: Edge 2 Source Select bits
1111 = Reserved
01xx = Reserved
0100 = CMP1 module
0011 = CTED2 pin
0010 = CTED1 pin
0001 = OC1 module
0000 = IC1 module

bit 1-0 Unimplemented: Read as ‘0’
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REGISTER 23-8: ADI1CSSL: ADC1 INPUT SCAN SELECT REGISTER LOW(1:?)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CSS15 CSS14 CSS13 CSS12 CSSM1 CSS10 CSS9 CSS8

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
CSS7 CSS6 CSS5 CSs4 CSS3 CSS2 CSs1 CSS0

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 CSS<15:0>: ADC1 Input Scan Selection bits

1 = Selects ANx for input scan
0 = Skips ANXx for input scan

Note 1. On devices with less than 16 analog inputs, all AD1CSSL bits can be selected by the user. However,
inputs selected for scan, without a corresponding input on the device, convert VREFL.

2: CSSx = ANx, where x = 0-15.

DS70000657H-page 336

© 2011-2013 Microchip Technology Inc.




dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

TABLE 30-4: DC TEMPERATURE AND VOLTAGE SPECIFICATIONS
Standard Operating Conditions (see Note 1): 3.0V to 3.6V
(unless otherwise stated)
DC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pzrglm Symbol Characteristic Min. Typ. Max. | Units Conditions
Operating Voltage
DC10 |VDD Supply Voltage 3.0 — 3.6 \Y,
DC16 |VPOR VDD Start Voltage — — Vss \
to Ensure Internal
Power-on Reset Signal
DC17 |SvbD VDD Rise Rate 0.03 — — V/ms |OV-1V in 100 ms
to Ensure Internal
Power-on Reset Signal
Note 1: Device is functional at VBORMIN < VDD < VDDMIN. Analog modules (ADC, op amp/comparator and
comparator voltage reference) may have degraded performance. Device functionality is tested but not
characterized. Refer to Parameter BO10 in Table 30-13 for the minimum and maximum BOR values.
TABLE 30-5: FILTER CAPACITOR (Cerc) SPECIFICATIONS

Standard Operating Conditions (unless otherwise stated):
Operating temperature

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

Pilrsm Symbol Characteristics Min. Typ. Max. | Units Comments
CEFC External Filter Capacitor 4.7 10 — uF | Capacitor must have a low
Value® series resistance (< 1 Ohm)
Note 1. Typical VCAP voltage = 1.8 volts when VDD > VDDMIN.

© 2011-2013 Microchip Technology Inc.
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TABLE 30-49:

12Cx BUS DATA TIMING REQUIREMENTS (MASTER MODE)

AC 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.(® Max. | Units Conditions

IM10 | TLo:scL | Clock Low Time | 100 kHz mode | Tcy/2 (BRG + 2) — us

400 kHz mode | Tcy/2 (BRG + 2) — us
1 MHz mode® | Tev/2 BRG+2) | — us
IM11 THizscL | Clock High Time | 100 kHz mode | Tcy/2 (BRG + 2) — us
400 kHz mode | Tcy/2 (BRG + 2) — us
1 MHz mode® | Tcv/2 BRG+2) | — us
IM20 TrF:scL | SDAx and SCLx | 100 kHz mode — 300 ns CB is specified to be
Fall Time 400 kHz mode 20 +0.1CB 300 ns |from 10 to 400 pF
1 MHz mode® — 100 ns
IM21 TrR:scL | SDAx and SCLx | 100 kHz mode — 1000 ns CB is specified to be
Rise Time 400 kHz mode 20 +0.1CB 300 ns |from 10 to 400 pF
1 MHz mode® — 300 ns
IM25 TsU:DAT | Data Input 100 kHz mode 250 — ns
Setup Time 400 kHz mode 100 — ns
1 MHz mode® 40 — ns
IM26 | THD:DAT | Data Input 100 kHz mode 0 — ps
Hold Time 400 kHz mode 0 0.9 us
1 MHz mode® 0.2 — us
IM30 | Tsu:sSTA | Start Condition | 100 kHz mode | Tcy/2 (BRG + 2) — us Only relevant for
Setup Time 400 kHz mode | TcY/2 (BRG + 2) — ps | Repeated Start
1MHz mode@ | Tcv/2 BRG +2) | — us | condition
IM31 THD:STA | Start Condition | 100 kHz mode | Tcy/2 (BRG + 2) — us After this period, the
Hold Time 400 kHz mode | Tcy/2 (BRG +2) — us first clock pulse is
1 MHz mode@ | Tcvi2 BRG +2) | — us | 9enerated
IM33 | Tsu:sTO | Stop Condition | 100 kHz mode | Tcy/2 (BRG + 2) — us
Setup Time 400 kHz mode | TcY/2 (BRG + 2) — us
1 MHz mode® | Tcv/2 (BRG+2) | — us
IM34 THD:STO | Stop Condition | 100 kHz mode | Tcy/2 (BRG + 2) — us
Hold Time 400 kHz mode | Tcy/2 (BRG + 2) — us
1 MHz mode® | Tev/2 BRG+2) | — us
IM40 TAA:sCL | Output Valid 100 kHz mode — 3500 ns
From Clock 400 kHz mode — 1000 ns
1 MHz mode® — 400 ns
IM45 TBF:SDA | Bus Free Time | 100 kHz mode 4.7 — us Time the bus must be
400 kHz mode 1.3 _ us free before a new
1 MHz mode® 05 — us transmission can start

IM50 Cs Bus Capacitive Loading — 400 pF

IM51 TPGD Pulse Gobbler Delay 65 390 ns (Note 3)

Note 1: BRG is the value of the I°C™ Baud Rate Generator. Refer to Inter-Integrated Circuit (IZCTM)”
(DS70330) in the “dsPIC33/PIC24 Family Reference Manual”. Please see the Microchip web site for the
latest family reference manual sections.

2:  Maximum pin capacitance = 10 pF for all I2Cx pins (for 1 MHz mode only).
3: Typical value for this parameter is 130 ns.
4: These parameters are characterized, but not tested in manufacturing.
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TABLE 30-53: OP AMP/COMPARATOR 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

P?\:sm Symbol Characteristic Min. Typ.® Max. Units Conditions
Op Amp DC Characteristics
CM40 |VCMR Common-Mode Input AVss — AVDD \%
Voltage Range
CM41 |CMRR Common-Mode — 40 — db |Vcm = AVDD/2
Rejection Ratio®
CM42 |VOFFSET Op Amp Offset — 5 — mV
Voltage®
CM43 |VGAIN Open-Loop Voltage — 90 — db
Gain®
CM44 |los Input Offset Current — — — — |See pad leakage
currents in Table 30-11
CM45 |IB Input Bias Current — — — — |See pad leakage
currents in Table 30-11
CM46 |louTt Output Current — — 420 MA | With minimum value of
RFEEDBACK (CM48)
CM48 |RFEEDBACK |Feedback Resistance 8 — — kQ
Value
CM49a|Voapc Output Voltage AVss +0.077| — |AVDD-0.077| V |lout =420 pA
Measured at OAx Using |AVss + 0.037| — |[AVDD-0.037| V |louT =200 pA
ADC(34) AVss +0.018| — |AVDD-0.018| V |louT =100 pA
CM49b|VouTt Output Voltage AVss +0.210) — |AVDD-0.210| V |lout =420 pA
Measured at OAXOUT  |AVss + 0.100f — |AVDD-0.100( V |louT =200 pA
Pin(3:45) AVss +0.050] — |AVDD-0.050 V |louT =100 pA
CM51 |RINT1®)  |Internal Resistance 1 198 264 317 Q  [Min =-40°C
(Configuration A Typ = +25°C
and B)(345) Max = +125°C
Note 1: Device is functional at VBORMIN < VDD < VDDMIN, but will have degraded performance. Device functionality
is tested, but not characterized. Analog modules (ADC, op amp/comparator and comparator voltage
reference) may have degraded performance. Refer to Parameter BO10 in Table 30-13 for the minimum and
maximum BOR values.
2: Datain “Typ” column is at 3.3V, +25°C unless otherwise stated.
3: Parameter is characterized but not tested in manufacturing.
4: See Figure 25-6 for configuration information.
5: See Figure 25-7 for configuration information.
6: Resistances can vary by +10% between op amps.
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TABLE 30-58: ADC MODULE SPECIFICATIONS (12-BIT MODE)

Standard Operating Cond(ilt)ions: 3.0V to 3.6V
unless otherwise stated
AC CHARACTERISTICS (Operating temperature -4)10°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pilrsm Symbol Characteristic Min. Typ. Max. | Units Conditions
ADC Accuracy (12-Bit Mode)

AD20a |Nr Resolution 12 Data Bits bits
AD21a |INL Integral Nonlinearity -2.5 — 25 LSb |-40°C < Ta<+85°C (Note 2)

-5.5 — 55 LSb |+85°C < TA < +125°C (Note 2)
AD22a |DNL Differential Nonlinearity -1 — 1 LSb |[-40°C < TA<+85°C (Note 2)

-1 — 1 LSb |+85°C < TA < +125°C (Note 2)
AD23a |GERR |Gain Error® -10 — 10 LSb |-40°C < Ta<+85°C (Note 2)

-10 — 10 LSb |+85°C < TA < +125°C (Note 2)
AD24a |EOFF Offset Error -5 — 5 LSb |-40°C < TA<+85°C (Note 2)

-5 — 5 LSb |+85°C < TA < +125°C (Note 2)
AD25a — Monotonicity — — — — | Guaranteed

Dynamic Performance (12-Bit Mode)
AD30a |THD Total Harmonic Distortion® | — 75 — dB
AD31a |SINAD | Signal to Noise and — 68 — dB
Distortion®
AD32a |SFDR Spurious Free Dynamic — 80 — dB
Range®

AD33a |FNYQ Input Signal Bandwidth(®) — 250 — kHz
AD34a |ENOB | Effective Number of Bits® | 11.09 | 11.3 | — bits

Note 1: Device is functional at VBORMIN < VDD < VDDMIN, but will have degraded performance. Device functionality
is tested, but not characterized. Analog modules (ADC, op amp/comparator and comparator voltage
reference) may have degraded performance. Refer to Parameter BO10 in Table 30-13 for the minimum
and maximum BOR values.

2:  For all accuracy specifications, VINL = AVSS = VREFL = 0V and AVDD = VREFH = 3.6V.
3: Parameters are characterized but not tested in manufacturing.
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PMD (PIC24EPXXXMC20X Devices)...........ccccoueuunne.
PORTA (PIC24EPXXXGP/MC202,
dsPIC33EPXXXGP/MC202/502 Devices) ........ 1
PORTA (PIC24EPXXXGP/MC203,
dsPIC33EPXXXGP/MC203/503 Devices) ........ 1
PORTA (PIC24EPXXXGP/MC204,
dsPIC33EPXXXGP/MC204/504 Devices) ........ 1
PORTA (PIC24EPXXXGP/MC206,
dsPIC33EPXXXGP/MC206/506 Devices) ..........
PORTB (PIC24EPXXXGP/MC202,
dsPIC33EPXXXGP/MC202/502 Devices) ........ 1
PORTB (PIC24EPXXXGP/MC203,
dsPIC33EPXXXGP/MC203/503 Devices) ........ 1
PORTB (PIC24EPXXXGP/MC204,
dsPIC33EPXXXGP/MC204/504 Devices) ........ 1
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PORTE (PIC24EPXXXGP/MC206,
dsPIC33EPXXXGP/MC206/506 Devices) ........ 1
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dsPIC33EPXXXGP/MC206/506 Devices) ........ 1
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PIC24EPXXXMC20X DevViCes)......ccccovvrerueernennns
PWM Generator 1 (dsPIC33EPXXXMC20X/50X,
PIC24EPXXXMC20X DevViCes).......ccccuererreruene.
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Reference ClIOcK ........ccociiiiiiiiiiiiieeeece
SPI1and SPI2 .....ccooiii e
System Control ...........oooviiiiiiiiiiiiee e
Time1 through Time5.......ccooiiiiiiii s
UART1 and UART2 ....ooiiiiiiiee e
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AD1CHSO0 (ADC1 Input Channel 0 Select)............... 333
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Channel 1, 2, 3 Select) .......cccevviieiiiiiiicieeee 331

AD1CON1 (ADC1 Control 1) ...

AD1CON2 (ADC1 Control 2) .......ccccooiieiiiiiiicnene 327
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AD1CON4 (ADC1 Control 4)
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AD1CSSL (ADC1 Input Scan Select Low)................ 336
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AUXCONXx (PWMx Auxiliary Control)...........cccccueeneee.
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Gating Control) .......coccevveeiiieiiiiierieee e 368
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CTMUCON2 (CTMU Control 2).........cccceceerriecreeenen. 318
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Reference Control) .........ccccoverviiiiiinicnicenne 371
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CxBUFPNT2 (ECANX Filter 4-7
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CxRXOVF1 (ECANx Receive

Buffer Overflow 1)......ccccooiiiiiiiiiiece, 308
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