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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

70 MIPs

CANbus, I2C, IrDA, LINbus, QEI, SPI, UART/USART

Brown-out Detect/Reset, DMA, I2S, Motor Control PWM, POR, PWM, WDT
35

256KB (85.5K x 24)

FLASH

32K x 8

A/D 18x10b/12b
Internal

-40°C ~ 85°C (TA)
Surface Mount
44-VQFN Exposed Pad
44-QFN (8x8)
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FIGURE 4-6: DATA MEMORY MAP FOR 256-KBYTE DEVICES
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Note:  Memory areas are not shown to scale.
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4.3 Special Function Register Maps

TABLE 4-1: CPU CORE REGISTER MAP
SFR | addr. | Bit1s | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bito | Bits | Bit7 | Bite6 | Bits | Bita | Bit3 | Bit2 | Bit1 | Bito | A"
Name Resets

W0 0000 WO (WREG) XXXX
W1 0002 W1 XXXX
W2 0004 W2 XXXX
W3 0006 W3 XXXX
W4 0008 W4 XXXX
W5 000A W5 XXXX
W6 000C W6 XXXX
W7 000E W7 XXXX
w8 0010 W8 XXXX
W9 0012 W9 XXXX
W10 0014 W10 XXXX
W11 0016 W11 XXXX
W12 0018 W12 XXXX
W13 001A W13 XXXX
W14 001C W14 XXXX
W15 001E W15 XXXX
SPLIM 0020 SPLIM 0000
ACCAL 0022 ACCAL 0000
ACCAH 0024 ACCAH 0000
ACCAU 0026 Sign Extension of ACCA<39> | ACCAU 0000
ACCBL 0028 ACCBL 0000
ACCBH 002A ACCBH 0000
ACCBU 002C Sign Extension of ACCB<39> | ACCBU 0000
PCL 002E Program Counter Low Word Register — 0000
PCH 0030 — — — — — — — | — | — Program Counter High Word Register 0000
DSRPAG 0032 — — — — — — Data Space Read Page Register 0001
DSWPAG 0034 — — — — — — — | Data Space Write Page Register 0001
RCOUNT 0036 REPEAT Loop Count Register 0000
DCOUNT 0038 DCOUNT<15:0> 0000
DOSTARTL | 003A DOSTARTL<15:1> — 0000
DOSTARTH [ 003C | — — — [ =TT =1 =1 ="1T-="1T-= — | DOSTARTH<5:0> 0000
DOENDL 003E DOENDL<15:1> — 0000
DOENDH [ 0040 [ — — — [ =TT =1 =1 ="1T-="1T-= — | DOENDH<5:0> 0000
Legend: x =unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TABLE 4-25: CAN1 REGISTER MAP WHEN WIN (C1CTRL<0>) =1 FOR dsPIC33EPXXXGMB60X/7XX DEVICES(® (CONTINUED)

SFR Addr. | Bit15 | Bit14 | Bit13 | Bit12 | Bit1l | Bit10 | Bit9 | Bit8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 itz | Bit1 | Bito | A

Name Resets
CIRXF11SID| 046C | SID10 | SID9 | SID8 | SID7 | SID6 | SID5 | SID4 | SID3 sID2 SID1 SID0 _ EXIDE _ EID17 | EID16 | xxxx
CIRXFMEID| 046E EID<15:0> XXXX
C1RXF12SID| 0470 | siD10 | siDg | sip8 | sib7 | si6 | sip5 | sip4 | sip3 | sip2 SID1 SID0 —_ EXDE | — EID17 | EID16 | xxxx
CIRXF12EID| 0472 EID<15:0> XXXX
CIRXF13SID| 0474 | siD10 | siDg | sip8 | sib7 | sip6 | sip5 | sip4 | sp3 | sp2 [ siD1 SIDO = ExDE | — [ ED17 [ ED16 | xxxx
CIRXF13EID| 0476 EID<15:0> XXXX
CIRXF14SID| 0478 | sSiD10 | siDg | sip8 | sib7 | sip6 | sip5 | sip4 | sp3 | sp2 [ st SIDO = ExDE | — [ ED17 [ ED16 | xxxx
CIRXF14EID| 047A EID<15:0> XXXX
CIRXF15SID| 047C | sSiD10 | siDg | sip8 | sib7 | sip6 | sip5 | sip4 | sp3 | sp2 [ siD1 SIDO = ExDE | — [ ED17 [ ED16 | xxxx
CIRXF15EID| 047E EID<15:0> XXXX
Legend: x =unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1:  These registers are not present on dsPIC33EPXXXGM3XX devices.
TABLE 4-26: CAN2 REGISTER MAP WHEN WIN (C1CTRL<0>) =0 OR 1 FOR dsPIC33EPXXXGMB60X/7XX DEVICES®

SFR o laddr| Bit15 | Bit14 | Bit1s | Bitl2 | Bitll | Bit10 Bit 9 Bit 8 Bit 7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit 0 Al

Name Resets
CCTRLI | 0500| — — CSDL | ABAT | CANCKS | REQOP2 | REQOP1 | REQOPO | OPMODE2 | OPMODE | OPMODEO | — CANCAP _ — WIN | 0480
CKTRL2 | 0502| — — — — — — _ — _ — — DNCNT<4:0> 0000
C2VEC 0504 — — — FILHT4 | FILHT3 | FILHT2 | FILHTY | FILHITO _ ICODES | ICODE5 | ICODE4 | ICODE3 | ICODE2 | ICODE1 | ICODEO | 0040
CFCTRL | 0506 | DMABS2 | DMABST | DMABSO | — — — _ — _ — — FSAd FSA3 FsA2 FSAT FSAO | 0000
C2FIFO 0508| — — FBP5 FBP4 FBP3 FBP2 FBP1 FBPO _ — FNRB5 | FNRB4 | FNRB3 | FNRB2 | FNRB1 | FNRBO | 0000
C2INTF 0s0a]  — — TXBO | TXBP | RXBP | TXWAR | RXWAR | EWARN | IVRF | WAKF | ERRF — FFOF | RBOVIF | RBIF TBIF | 0000
C2INTE osoc| — — — — — — _ — VRE | WAKE | ERRE — FIFOE | RBOVE | RBEE TBE | 0000
C2EC 050E | TERRCNT? | TERRCNT6 | TERRCNTS | TERRCNT4| TERRCNT3 | TERRCNT2 | TERRCNT1| TERRCNTO | RERRCNT? | RERRCNT6 | RERRCNTS | RERRCNT4 | RERRCNT3 | RERRCNT2 | RERRCNT1 | RERRCNTO| 0000
C2CFG1 o510 — — — — — — _ — SIW1 SO BRP5 BRP4 BRP3 BRP2 BRP1 BRPO | 0000
C2CFG2 o512  — WAKFIL — — — | SEG2PH2 | SEG2PH1 | SEG2PHO | SEG2PHTS| SAM | SEGIPH2 | SEGIPH1 | SEGIPHO | PRSEG2 | PRSEG! | PRSEGO | 0000
C2FENT 0514 FLTEN<15:0> FFFF
COFMSKSELT | 0518 | FTMSK1 | F7MSKO | FeMSK1 | FEMSKO | FSMSKT | F5MSKO | FAMSK1 | FAMSKO | F3MSK1 | F3MSKO | F2MSK1 | F2MSKO | FIMSKI | FIMSKO | FOMSKI | FOMSKO | 0000
C2FMSKSEL2 | 051A | F15MSK1 | F15MSKO | F14MSKT | F14MSKO | F13MSK1 | F13MSKO | F12MSK1 | F12MSKO | FIIMSK1 | FIIMSKO | FIOMSK1 | FIOMSKO | FOMSK1 | FOMSKO | F8MSKI | F8MSKO | 0000
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

Note 1: These registers are not present on dsPIC33EPXXXGM3XX devices.

XXLIXXIXXEWDXXXJIEEDILSP



Z8 9bed-g6890000.Sa

"ou| ABojouyoa | diyoosolN ¥102-€10Z ©

TABLE 4-42: CTMU REGISTER MAP
SFR . A . A A A . . . . A . A A A . Al
Addr. Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit1 | BitO
Name Resets
CTMUCON1| 033A | CTMUEN —  |cTMusiDL| TGEN | EDGEN |EDGSEQEN| IDISSEN | CTTRIG — — — — — — — | =] o000
CTMUCON2| 033C | EDG1MOD | EDG1POL | EDG1SEL3 | EDG1SEL2 | EDG1SEL1 | EDG1SELO | EDG2STAT | EDG1STAT | EDG2MOD | EDG2POL | EDG2SEL3 | EDG2SEL2 | EDG2SEL1| EDG2SEL0| — | — | 0000
CTMUICON |033E| ITRIM5 | ITRIM4 | ITRIM3 | ITRIM2 | ITRIM1 ITRIMO IRNG1 IRNGO — — — — — — — | = ] o000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-43: JTAG INTERFACE REGISTER MAP
SFR Name | Addr. | Bit15 | Bit14 | Bit13 | Bit12 | Bit1l | Bit10 | Bit9 Bit 8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bt 0 Ré’éts
JDATAH OFF0 | — — — — JDATAH<27:16> XXXX
JDATAL OFF2 JDATAL<15:0> 0000
Legend: x =unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-44: REAL-TIME CLOCK AND CALENDAR REGISTER MAP
FileName | Addr.| Bit15 | Bit14 | Bit13 Bit 12 Bit1l | Bit10 Bit 9 Bit 8 Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO Re’i'éts
ALRMVAL 0620 Alarm Value Register Window Based on ALRMPTR<1:0> XXXX
ALCFGRPT | 0622 | ALRMEN | CHIME | AMASK3 | AMASK2 | AMASK1 | AMASK0 | ALRMPTR1 | ALRMPTRO | ARPT7 | ARPT6 | ARPT5 | ARPT4 | ARPT3 | ARPT2 | ARPT1 | ARPTO | 0000
RTCVAL 0624 RTCC Value Register Window Based on RTCPTR<1:0> XXXX
RCFGCAL | 0626 | RTCEN | — |RTCWREN [RTCSYNC | HALFSEC | RTCOE | RTCPTR1 | RTCPTRO | CAL7 | cAls | cAls | cal4 | cas | caz | cAL1 [ cALo | oooo

Legend: x =unknown value on Reset; —

= unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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11.4.4 INPUT MAPPING

The inputs of the Peripheral Pin Select options are
mapped on the basis of the peripheral. That is, a control
register associated with a peripheral dictates the pin it
will be mapped to. The RPINRX registers are used to
configure peripheral input mapping (see Register 11-1
through Register 11-29). Each register contains sets of
7-bit fields, with each set associated with one of the
remappable peripherals. Programming a given periph-
eral’s bit field with an appropriate 7-bit value maps the
RPn pin with the corresponding value to that peripheral.
For any given device, the valid range of values for any
bit field corresponds to the maximum number of
Peripheral Pin Selections supported by the device.

For example, Figure 11-2 illustrates remappable pin
selection for the UTRX input.

FIGURE 11-2: REMAPPABLE INPUT FOR
U1RX

U1RXR<6:0>

0

U1RX Input

]
RPO
X
RP1
E 2 to Peripheral
RP3
[ ]
[
[
X
RPn

————

Note: For input only, Peripheral Pin Select func-
tionality does not have priority over TRISx
settings. Therefore, when configuring an
RPn pin for input, the corresponding bit in
the TRISXx register must also be configured
for input (set to ‘1’).

EXAMPLE 11-2:

11.4.4.1 Virtual Connections

dsPIC33EPXXXGM3XX/6XX/7TXX devices support
virtual (internal) connections to the output of the
op amp/comparator module (see Figure 26-1 in
Section 26.0 “Op Amp/Comparator Module”) and
the PTG module (see Section 25.0 “Peripheral
Trigger Generator (PTG) Module™).

In addition, dsPIC33EPXXXGM3XX/6XX/7XX devices
support virtual connections to the filtered QEIx module
inputs: FINDX1, FHOME1, FINDX2 and FHOME2
(see Figure 17-1 in  Section 17.0 “Quadrature
Encoder Interface (QEI) Module”).

Virtual connections provide a simple way of inter-
peripheral connection without utilizing a physical pin.
For example, by setting the FLT1R<6:0> bits of the
RPINR12 register to the value of ‘ b0O000001, the
output of the analog comparator, C10OUT, will be
connected to the PWM Fault 1 input, which allows the
analog comparator to trigger PWM Faults without the
use of an actual physical pin on the device.

Virtual connection to the QEIx module allows
peripherals to be connected to the QEIx digital filter
input. To utilize this filter, the QEIx module must be
enabled and its inputs must be connected to a physical
RPn pin. Example 11-2 illustrates how the input
capture module can be connected to the QEIx digital
filter.

CONNECTING IC1 TO THE HOME1 QEI1 DIGITAL FILTER INPUT ON PIN 43

RPI NR15 = 0x2500; /* Connect the QEI1 HOMELl input to RP37 (pin 43) */

RPI NR7 = 0x009; /* Connect the ICl input to the digital filter on the FHOVEL input */
QElI 11 OC = 0x4000; /* Enable the QEl digital filter */

QEI 1CON = 0x8000; /* Enabl e the QEI nodule */

DS70000689D-page 166

© 2013-2014 Microchip Technology Inc.



dsPIC33EPXXXGM3XX/6XX/7XX

REGISTER 11-13: RPINR17: PERIPHERAL PIN SELECT INPUT REGISTER 17

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— HOME2R<6:0>
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
— INDX2R<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
bit 14-8

bit 7
bit 6-0

Unimplemented: Read as ‘0’

HOME2R<6:0>: Assign QEI2 HOME (HOMEZ2) to the Corresponding RPn Pin bits
(see Table 11-2 for input pin selection numbers)

1111100 = Input tied to RPI1124

0000001 = Input tied to CMP1

0000000 = Input tied to Vss

Unimplemented: Read as ‘0’

IND2XR<6:0>: Assign QEI2 INDEX (INDX2) to the Corresponding RPn Pin bits
(see Table 11-2 for input pin selection numbers)

1111100 = Input tied to RP1124

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

© 2013-2014 Microchip Technology Inc.
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REGISTER 11-20: RPINR26: PERIPHERAL PIN SELECT INPUT REGISTER 26

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
_ C2RXR<6:0>
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
— C1RXR<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

C2RXR<6:0>: Assign CAN2 RX Input (C2RX) to the Corresponding RPn Pin bits

C1RXR<6:0>: Assign CAN1 RX Input (C1RX) to the Corresponding RPn Pin bits

bit 15 Unimplemented: Read as ‘0’
bit 14-8
(see Table 11-2 for input pin selection numbers)
1111100 = Input tied to RP1124
0000001 = Input tied to CMP1
0000000 = Input tied to Vss
bit 7 Unimplemented: Read as ‘0’
bit 6-0
(see Table 11-2 for input pin selection numbers)
1111100 = Input tied to RP1124
0000001 = Input tied to CMP1
0000000 = Input tied to Vss
Note 1: This register is not available on dsPIC33EPXXXGM3XX devices.

© 2013-2014 Microchip Technology Inc.
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NOTES:

DS70000689D-page 228 © 2013-2014 Microchip Technology Inc.
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20.2 UART Control Registers

REGISTER 20-1: UxMODE: UARTx MODE REGISTER

R/W-0 U-0 R/W-0 R/W-0 R/W-0 U-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 = UARTXx is enabled; all UARTXx pins are controlled by UARTx as defined by UEN<1:0>
0 = UARTXx is disabled; all UARTXx 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 |dle 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 pin is in Flow Control mode

bit 10 Unimplemented: Read as ‘0’

bit 9-8 UEN<1:0>: UARTXx Pin Enable bits
11 = UxTX, UxRX and BCLKXx 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; UxCTS and UxRTS/BCLKXx pins are controlled by

PORT latches

bit 7 WAKE: Wake-up on Start bit Detect During Sleep Mode Enable bit

1 = UARTX continues to sample the UxRX pin, interrupt is generated on the falling edge; bit is cleared
in hardware on the 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

Note 1. Referto the “dsPIC33/PIC24 Family Reference Manual”, “Universal Asynchronous Receiver Transmitter
(UART)” (DS70000582) for information on enabling the UART module for receive or transmit operation.

2: This feature is only available for the 16x BRG mode (BRGH = 0).
This feature is only available on 44-pin and 64-pin devices.
4: This feature is only available on 64-pin devices.

w
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220 CHARGE TIME The Charge Time Measurement Unit is a flexible analog
MEASUREMENT UNIT (CTM U) module that provides accurate differential time measure-
ment between pulse sources, as well as asynchronous
Note 1: This data sheet summarizes the features pulse generation. Its key features include:
of the dsPIC33EPXXXGM3XX/BXX/7XX » Four edge input trigger sources
family of devices. It is not intended to be « Polarity control for each edge source
a comprehensive reference source. To . Control of edge sequence
complement the information in this data
sheet, refer to the “dsPIC33/PIC24 Fam- » Control of response to edges
ily Reference Manual’, “Charge Time * Precise time measurement resolution of 1 ns
Measurement Unit (CTMU)” (DS70661), » Accurate current source suitable for capacitive
which is available on the Microchip web measurement
site (www.microchip.com). + On-chip temperature measurement using a
2: Some registers and associated bits built-in diode
described in this section may not be Together with other on-chip analog modules, the CTMU
available on all devices. Refer to can be used to precisely measure time, measure
Section 4.0 “Memory Organization” in capacitance, measure relative changes in capacitance
this data sheet for device-specific register or generate output pulses that are independent of the
and bit information. system clock.

The CTMU module is ideal for interfacing with
capacitive-based sensors. The CTMU is controlled
through three registers: CTMUCON1, CTMUCON2
and CTMUICON. CTMUCON1 and CTMUCON2
enable the module and control edge source selection,
edge source polarity selection and edge sequencing.
The CTMUICON register controls the selection and
trim of the current source.

© 2013-2014 Microchip Technology Inc. DS70000689D-page 321
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REGISTER 23-2: ADxCON2: ADCx CONTROL REGISTER 2

R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0
vCFG2W vcFG1® | vcFao® OFFCAL — CSCNA CHPS1 CHPSO0
bit 15 bit 8

R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
BUFS SMPI14 SMPI3 SMPI2 SMPI1 SMPIO BUFM ALTS
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-13 VCFG<2:0>: Converter Voltage Reference Configuration bits()
Value VREFH VREFL
000 AvDD Avss
001 | External VRer+® Avss
010 AvVDD External VRer-)
011 | External VRer+@ | External VRer-(?)
1xx AvDD Avss
bit 12 OFFCAL: Offset Calibration Mode Select bit

1 = + and — inputs of channel Sample-and-Hold are connected to AVss
0 = + and — inputs of channel Sample-and-Hold are normal

bit 11 Unimplemented: Read as ‘0’
bit 10 CSCNA: Input Scan Select bit
1 = Scans inputs for CHO+ during Sample MUXA
0 = Does not scan inputs
bit 9-8 CHPS<1:0>: Channel Select bits
In 12-Bit Mode (AD12B = 1), CHPS<1:0> Bits are Unimplemented and are Read as ‘00’:
1x = Converts CHO, CH1, CH2 and CH3
01 = Converts CHO and CH1
00 = Converts CHO

bit 7 BUFS: Buffer Fill Status bit (only valid when BUFM = 1)

1 = ADCx is currently filling the second half of the buffer; the user application should access data in
the first half of the buffer

0 = ADCx is currently filling the first half of the buffer; the user application should access data in the
second half of the buffer

Note 1: The ‘001’, ‘010’ and ‘011’ bit combinations for VCFG<2:0> are not applicable on ADC2.
2:  ADC2 does not support external VREFz inputs.

© 2013-2014 Microchip Technology Inc. DS70000689D-page 333
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TABLE 25-1: PTG STEP COMMAND FORMAT (CONTINUED)
bit 3-0 Step ' . o
Command OPTION<3:0> Option Description
PTG @ 0000 PWM Special Event Trigger
or 0001 PWM master time base synchronization output
PTGALOY ,
0010 PWM?1 interrupt
0011 PWM2 interrupt
0100 PWM3 interrupt
0101 PWM4 interrupt
0110 PWMS5 interrupt
0111 OC1 Trigger Event
1000 OC2 Trigger Event
1001 IC1 Trigger Event
1010 CMP1 Trigger Event
1011 CMP2 Trigger Event
1100 CMP3 Trigger Event
1101 CMP4 Trigger Event
1110 ADC conversion done interrupt
1111 INT2 external interrupt
PTG RQD 0000 Generate PTG Interrupt O
0001 Generate PTG Interrupt 1
0010 Generate PTG Interrupt 2
0011 Generate PTG Interrupt 3
0100 Reserved
1111 Reserved
PTGTRI G? 00000  |PTGOO
00001 PTGO1
11110 PTGO30
11111 PTGO31
Note 1: All reserved commands or options will execute but have no effect (i.e., execute as a NOP instruction).

2. Refer to Table 25-2 for the trigger output descriptions.

© 2013-2014 Microchip Technology Inc.
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26.1 Op Amp Application

Considerations

There are two configurations to take into consider-
ation when designing with the op amp modules that
are available in the dsPIC33EPXXXGM3XX/6XX/7XX
devices. Configuration A (see Figure 26-5) takes
advantage of the internal connection to the ADCx
module to route the output of the op amp directly to the
ADCx for measurement. Configuration B (see
Figure 26-6) requires that the designer externally route
the output of the op amp (OAxOUT) to a separate ana-
log input pin (ANy) on the device. Table 33-53 in
Section 33.0 “Electrical Characteristics” describes
the performance characteristics for the op amps, distin-
guishing between the two configuration types where
applicable.

26.1.1 OP AMP CONFIGURATION A

Figure 26-5 shows a typical inverting amplifier circuit
taking advantage of the internal connections from the
op amp output to the input of the ADCx. The advantage
of this configuration is that the user does not need to con-
sume another analog input (ANy) on the device, and
allows the user to simultaneously sample all three
op amps with the ADCx module, if needed. However, the
presence of the internal resistance, RINT1, adds an error
in the feedback path. Since RINT1 is an internal resis-
tance, in relation to the op amp output (VoAxouT) and
ADCx internal connection (VADC), RINT1 must be
included in the numerator term of the transfer function.
See Table 33-52 in Section 33.0 “Electrical Character-
istics” for the typical value of RINT1. Table 33-57 and
Table 33-58 in Section 33.0 “Electrical Characteris-
tics” describe the minimum sample time (TSAMP)
requirements for the ADCx module in this configuration.
Figure 26-5 also defines the equations that should be
used when calculating the expected voltages at points,
VADC and VOAXOUT.

FIGURE 26-5: OP AMP CONFIGURATION A
RreeDBACK?
WA
r— - - - - — — — — al
VIN 5\}\/ CxIN1- E ! _ !
I RiNT1D |
| |Op Amp x MA— OAXOUT
Bias g CxIN1+ E C | (Voaxour)
Voltage® ; VADC —¢ I
I I
| N e Jom
| L (to ADCx) |
| <~ ADCx® |
Lo - - - . |
R +R
Vape = ( FEEDBACK INTl)( Bias Voltage— V,, )
Ry
ReeepBACK :
VoaxouT = (T-)( Bias Voltage—-V,y )
1
Note 1. See Table 33-56 for the Typical value.
2: See Table 33-52 for the Minimum value for the feedback resistor.
3: See Table 33-59 and Table 33-60 for the Minimum Sample Time (TSAMP).
4: CVREF10 or CVREF20 are two options that are available for supplying bias voltage to the op amps.
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REGISTER 28-4:  PMAEN: PARALLEL MASTER PORT ADDRESS ENABLE REGISTER(®

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PTEN15 PTEN14 PTEN<13:8>

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
PTEN<7:2> PTEN<1:0>

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at Reset ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15 PTEN15: PMCS2 Strobe Enable bit

1 = PMA15 functions as either PMA<15> or PMCS2
0 = PMAA15 functions as port /0
bit 14 PTEN14: PMCS1 Strobe Enable bit

1 = PMA14 functions as either PMA<14> or PMCS1
0 = PMA14 functions as port /0

bit 13-2 PTEN<13:2>: PMP Address Port Enable bits

1 = PMA<13:2> function as PMP address lines
0 = PMA<13:2> function as port I/Os

bit 1-0 PTEN<1:0>: PMALH/PMALL Strobe Enable bits

1 = PMA1 and PMAO function as either PMA<1:0> or PMALH and PMALL
0 = PMA1 and PMAQO function as port I/Os

Note 1: This register is not available on 44-pin devices.
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REGISTER 28-5: PMSTAT: PARALLEL MASTER PORT STATUS REGISTER (SLAVE MODE ONLY)(l)

R-0 R/W-0, HS U-0 U-0 R-0 R-0 R-0 R-0
IBF IBOV — — IB3F IB2F | IB1F IBOF

bit 15 bit 8
R-1 R/W-0, HS U-0 U-0 R-1 R-1 R-1 R-1
OBE OBUF — — OB3E OB2E OB1E OBOE

bit 7 bit 0

Legend: HS = Hardware Settable bit

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at Reset ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 15 IBF: Input Buffer Full Status bit

1 = All writable Input Buffer registers are full
0 = Some or all of the writable Input Buffer registers are empty

bit 14 IBOV: Input Buffer Overflow Status bit

1 = A write attempt to a full Input Byte register occurred (must be cleared in software)
0 = No overflow occurred

bit 13-12 Unimplemented: Read as ‘0’
bit 11-8 IB3F:IBOF: Input Buffer x Status Full bit

1 = Input Buffer x contains data that has not been read (reading buffer will clear this bit)
0 = Input Buffer x does not contain any unread data

bit 7 OBE: Output Buffer Empty Status bit

1 = All readable Output Buffer registers are empty
0 = Some or all of the readable Output Buffer registers are full

bit 6 OBUF: Output Buffer Underflow Status bit

1 = A read occurred from an empty Output Byte register (must be cleared in software)
0 = No underflow occurred

bit 5-4 Unimplemented: Read as ‘0’
bit 3-0 OB3E:OBOE: Output Buffer x Status Empty bit

1 = Output Buffer x is empty (writing data to the buffer will clear this bit)
0 = Output Buffer x contains data that has not been transmitted

Note 1. This register is not available on 44-pin devices.
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30.6 JTAG Interface

dsPIC33EPXXXGM3XX/6XX/7XX devices implement
a JTAG interface, which supports boundary scan
device testing. Detailed information on this interface is
provided in future revisions of the document.

Note: Refer to the “dsPIC33/PIC24 Family
Reference Manual”, “Programming and
Diagnostics” (DS70608) for further
information on usage, configuration and
operation of the JTAG interface.

30.7  In-Circuit Serial Programming

The dsPIC33EPXXXGM3XX/6XX/7XX devices can be
serially programmed while in the end application circuit.
This is done with two lines for clock and data, and three
other lines for power, ground and the programming
sequence. Serial programming allows customers to
manufacture boards with unprogrammed devices and
then program the device just before shipping the
product. Serial programming also allows the most recent
firmware or a custom firmware to be programmed. Refer
to the “dsPIC33E/PIC24E Flash Programming
Specification for Devices with Volatile Configuration
Bits” (DS70663) for details about In-Circuit Serial
Programming (ICSP).

Any of the three pairs of programming clock/data pins
can be used:

+ PGEC1 and PGED1

+ PGEC2 and PGED2

+ PGEC3 and PGED3

30.8 In-Circuit Debugger

When MPLAB® ICD 3 or the REAL ICE™ in-circuit emu-
lator is selected as a debugger, the in-circuit debugging
functionality is enabled. This function allows simple
debugging functions when used with MPLAB X IDE.
Debugging functionality is controlled through the PGECx
(Emulation/Debug Clock) and PGEDx (Emulation/Debug
Data) pin functions.

Any of the three pairs of debugging clock/data pins can
be used:

+ PGEC1 and PGED1
+ PGEC2 and PGED2
+ PGEC3 and PGED3

To use the in-circuit debugger function of the device,
the design must implement ICSP connections to
MCLR, VDD, Vss and the PGECx/PGEDx pin pair. In
addition, when the feature is enabled, some of the
resources are not available for general use. These
resources include the first 80 bytes of data RAM and
two 1/0 pins (PGECx and PGEDx).

30.9 Code Protection and
CodeGuard™ Security

The dsPIC33EPXXXGM3XX/6XX/7XX devices offer
basic implementation of CodeGuard Security that
supports only General Segment (GS) security. This
feature helps protect individual Intellectual Property.

Note: Refer to the “dsPIC33/PIC24 Family
Reference Manual’”, “CodeGuard™
Security” (DS70634) for  further
information on usage, configuration and
operation of CodeGuard Security.

DS70000689D-page 418

© 2013-2014 Microchip Technology Inc.



dsPIC33EPXXXGM3XX/6XX/7XX

TABLE 33-11: DC CHARACTERISTICS: I/O PIN OUTPUT SPECIFICATIONS

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.| Symbol Characteristic Min. | Typ. | Max. | Units Conditions
DO10 |VoL Output Low Voltage — — 0.4 V |Vbb=3.3V,
4x Sink Driver Pins® loL <6 mA, -40°C < TA< +85°C,
loL <5 mA, +85°C < TA<+125°C
Output Low Voltage — — 0.4 V |Vbb=3.3V,
8x Sink Driver Pins® loL < 12 mA, -40°C < TA< +85°C,
loL <8 mA, +85°C < TA<+125°C
DO20 |VoH Output High Voltage 2.4 — — V  |loH >-10 mA, VDD = 3.3V
4x Source Driver Pins®)
Output High Voltage 24 — — V  [loH >-15mA, VDD = 3.3V
8x Source Driver Pins®
DO20A | VoH1 Output High Voltage 1.5 — — V  |IoH >-14 mA, VDD = 3.3V
4x Source Driver Pins?)
2.0 — — IoH > -12 mA, VDD = 3.3V
3.0 — — IOH > -7 mA, VDD = 3.3V
Output High Voltage 1.5 — — V  |IoH >-22 mA, VDD = 3.3V
8x Source Driver Pins®
2.0 — — IoH > -18 mA, VDD = 3.3V
3.0 — — IoH > -10 mA, VDD = 3.3V
Note 1: Includes all I/O pins that are not 8x Sink Driver pins (see below).
2: Includes the following pins:

For 44-pin devices: RA3, RA4, RA7, RA9, RA10, RB7, RB<15:9>, RC1 and RC<9:3>
For 64-pin devices: RA4, RA7, RA<10:9>, RB7, RB<15:9>, RC1, RC<9:3>, RC15 and RG<8:7>
For 100-pin devices: RA4, RA7, RA9, RA10, RB7, RB<15:9>, RC1, RC<9:3>, RC15, RD<3:1> and RG<8:6>

TABLE 33-12: ELECTRICAL CHARACTERISTICS: BOR

DC CHARACTERISTICS

Operating temperature

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

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

Pilrg\m Symbol Characteristic Min.® Typ. | Max. | Units Conditions
BO10 VBOR BOR Event on VDD Transition 2.7 — 2.95 \Y VDD
High-to-Low (Note 2, Note 3)
PO10 VPOR POR Event on VDD Transition | 1.75 — 1.95 \Y, (Note 2)
High-to-Low
Note 1: Parameters are for design guidance only and are not tested in manufacturing.
2: The VBOR specification is relative to VDD.
3: The device is functional at VBORMIN < VDD < VDDMIN. Analog modules: ADC, op amp/comparator and

comparator voltage reference will have degraded performance. Device functionality is tested but not
characterized.
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TABLE 33-53: OP AMP/COMPARATOR VOLTAGE REFERENCE SETTLING TIME SPECIFICATIONS

AC CHARACTERISTICS

Standard Operating Conditions (see Note 2): 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. | Symbol Characteristic Min. Typ. Max. Units Conditions
VR310 |TSsET Settling Time — 1 10 pus | (Note 1)
Note 1: Settling time is measured while CVRR = 1 and the CVR<3:0> bits transition from ‘0000’ to ‘1111’.

2: 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, will have degraded performance. Refer to Parameter BO10 in Table 33-12 for the minimum and
maximum BOR values.

TABLE 33-54: OP AMP/COMPARATOR VOLTAGE REFERENCE SPECIFICATIONS

DC CHARACTERISTICS

Standard Operating Conditions (see Note 1): 3.0V to 3.6V

(unless otherwise stated)

Operating temperature

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

Pilrgm Symbol Characteristics Min. Typ. Max. Units Conditions
VRD310 |CVRES | Resolution CVRsRC/24 — CVRSRC/32| LSb
VRD311 |CVRAA | Absolute Accuracy of — — +25 mV | AVDD = CVRSRC = 3.3V
Internal DAC Input to
Comparators
VRD312 | CVRAA1 | Absolute Accuracy of — — +75/-25 mV | AVDD = CVRSRC = 3.3V
CVREFXO pins
VRD313 |CVRSRC |Input Reference Voltage 0 — AVDD + 0.3 \Y,
VRD314 | CVRouT | Buffer Output Resistance — 1.5k — Q
VRD315 |CVcL Permissible Capacitive — — 25 pF
Load (CVREFXO pins)
VRD316 |lOoCVR Permissible Current — — 1 mA
Output (CVREFXO pins)
VRD317 |ION Current Consumed — — 500 WA |AVDD = 3.6V
When Module is Enabled
VRD318 |loFF Current Consumed — — 1 nA |AVDD = 3.6V
When Module is
Disabled
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, will have degraded performance. Refer to Parameter BO10 in Table 33-12 for the minimum and
maximum BOR values.
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