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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"

Obsolete

dsPIC

16-Bit

70 MIPs

CANbus, I2C, IrDA, LINbus, QEI, SPI, UART/USART
Brown-out Detect/Reset, DMA, Motor Control PWM, POR, PWM, WDT
35

128KB (43K x 24)

FLASH

8K x 16

3V ~ 3.6V

A/D 9x10b/12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

44-VFTLA Exposed Pad

44-VTLA (6x6)
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

TABLE 1-1: PINOUT 1/O DESCRIPTIONS (CONTINUED)

Pin Name® Pin | Buffer | 5 g Description
Type| Type
C1IN1- I | Analog | No |Op Amp/Comparator 1 Negative Input 1.
C1IN2- I | Analog | No |Comparator 1 Negative Input 2.
C1IN1+ I | Analog | No |Op Amp/Comparator 1 Positive Input 1.
OA10UT O |Analog| No |Op Amp 1 output.
C10uUT 0] — Yes |Comparator 1 output.
C2IN1- I | Analog | No |Op Amp/Comparator 2 Negative Input 1.
C2IN2- | Analog | No |Comparator 2 Negative Input 2.
C2IN1+ I | Analog | No |Op Amp/Comparator 2 Positive Input 1.
OA20UT O |Analog| No |Op Amp 2 output.
Cc20uT (0] — Yes | Comparator 2 output.
C3IN1- I | Analog | No |Op Amp/Comparator 3 Negative Input 1.
C3IN2- I | Analog | No |Comparator 3 Negative Input 2.
C3IN1+ I | Analog | No |Op Amp/Comparator 3 Positive Input 1.
OA30UT O |Analog| No |Op Amp 3 output.
C30uUT 0] — Yes |Comparator 3 output.
C4IN1- I | Analog | No |Comparator 4 Negative Input 1.
C4IN1+ I | Analog | No |Comparator 4 Positive Input 1.
C40UT 0] — Yes |Comparator 4 output.
CVREF10 O | Analog| No |Op amp/comparator voltage reference output.
CVREF20 O |Analog| No |Op amp/comparator voltage reference divided by 2 output.
PGED1 I/0 ST No |Data I/O pin for Programming/Debugging Communication Channel 1.
PGEC1 | ST No |Clock input pin for Programming/Debugging Communication Channel 1.
PGED2 I/0 ST No |Data I/O pin for Programming/Debugging Communication Channel 2.
PGEC2 | ST No |Clock input pin for Programming/Debugging Communication Channel 2.
PGED3 I/0 ST No |Data I/O pin for Programming/Debugging Communication Channel 3.
PGEC3 | ST No | Clock input pin for Programming/Debugging Communication Channel 3.
MCLR I/P ST No |Master Clear (Reset) input. This pin is an active-low Reset to the
device.
AVDD P P No |Positive supply for analog modules. This pin must be connected at all
times.
AVss P P No |Ground reference for analog modules. This pin must be connected at all
times.
VDD P — No |Positive supply for peripheral logic and 1/O pins.
VcAP P — No |CPU logic filter capacitor connection.
Vss P — No |Ground reference for logic and I/O pins.
VREF+ I | Analog | No |Analog voltage reference (high) input.
VREF- I | Analog | No |Analog voltage reference (low) input.
Legend: CMOS = CMOS compatible input or output Analog = Analog input P = Power
ST = Schmitt Trigger input with CMOS levels O = Output | = Input
PPS = Peripheral Pin Select TTL = TTL input buffer
Note 1: This pin is available on dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X devices only.
2: This pin is available on dsPIC33EPXXXGP/MC50X devices only.
3: This is the default Fault on Reset for dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X devices. See
Section 16.0 “High-Speed PWM Module (dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X
Devices Only)” for more information.
4: Not all pins are available in all packages variants. See the “Pin Diagrams” section for pin availability.
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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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

FIGURE 4-12: DATA MEMORY MAP FOR PIC24EP32GP/MC20X/50X DEVICES

MSB LSB
Address 16 Bits Address
- |
MSB LSB
— 0x0001 f 0x0000 ~
4-Kbyte | SFR Space
SFR Space | OxOFFF | OxOFFE
—  0x1001 | 0x1000
|
| 8-Kbyte
| Near
4-Kbyte X Data RAM (X) Data Space
SRAM Space |
|
|
|
. Ox1FFF | Ox1FFE P
0x2001 | 0x2000
|
|
|
|
|
0x8001 F — — — — — |l— — — — — 1 0x8000 )
|
X Data
Unimplemented (X)
| Optionally
| Mapped
| into Program
Memory Space
| (PSV)
|
|
OxFFFF | OXFFFE
| —

Note: = Memory areas are not shown to scale.
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TABLE 4-6: INTERRUPT CONTROLLER REGISTER MAP FOR dsPIC33EPXXXMC20X DEVICES ONLY

er'ﬁe Addr.| Bit15 | Bit14 | Bit13 | Bit12 Bit1l | Bit10 | Bit9 | Bit8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Re’;'éts
IFS0 0800 — |DMA1F| AD1F | UITXIF | UIRXIF | SPHIF | SPHEIF| T3IF T2IF 0C2IF IC2IF | DMAOIF | TIIF OC1IF IC1IF | INTOIF | 0000
IFS1 0802 | U2TXIF | U2RXIF | INT2IF T5IF T4F | OC4IF | OC3IF | DMA2IF —_ —_ —_ INTAIF CNIF CMIF MI2C1IF | SI2C1IF | 0000
IFs2 0804 | — —_ _ —_ _ —_ —_ —_ —_ IC4IF IC3IF | DMA3IF _ _ SPI2IF | SPI2EIF | 0000
IFS3 0806 | — —_ _ —_ —  |cEnF|PsemF| — —_ —_ —_ —_ _ MI2C2IF | SI2C2IF — | oooo
IFS4 0808 | — — | ctmurF —_ _ —_ —_ —_ —_ —_ —_ —_ CRCIF | UZ2EIF U1EIF — | oooo
IFS5 080A | PWM2IF [ PWMTF| — —_ _ —_ —_ —_ —_ —_ —_ —_ _ _ _ — | oooo
IFS6 osoc| — —_ _ —_ _ —_ —_ —_ —_ —_ —_ —_ _ _ _ PWMB3IF | 0000
IFS8 0810 | JTAGIF | ICDIF _ —_ _ —_ —_ —_ —_ —_ —_ —_ _ _ _ — | oooo
IFS9 o812 — —_ _ —_ _ —_ —_ —_ —_ PTG3IF | PTG2IF | PTG1F | PTGOIF |PTGWDTIF|PTGSTEPIF| — | 0000
IECO 0820 — |DMAME| AD1E | UITXIE | UIRXIE | SPIIE | SPHEIE| T3IE T2IE 0C2IE IC2IE | DMAOE | TIIE OC1IE IC1IE | INTOIE | 0000
IEC1 0822 | U2TXIE | U2RXIE | INT2IE | TSIE T4E | OC4IE | OC3IE | DMA2IE —_ —_ —_ INT1IE CNIE CMIE MI2C1IE | SI2C1IE | 0000
IEC2 0824 | — —_ _ —_ _ —_ —_ —_ —_ IC4IE IC3IE | DMA3IE _ _ SPI2IE | SPI2EIE | 0000
IEC3 0826 | — —_ _ —_ —  |oeME|PSEME| — —_ —_ —_ —_ _ MI2C2IE | SI2C2IE — | oooo
IEC4 0828 | — — | ctMuUE —_ _ —_ —_ —_ —_ —_ —_ —_ CRCIE | UZ2EIE U1EIE — | oooo
IEC5 082A | PWM2iE [ PWMIE| — —_ _ —_ —_ —_ —_ —_ —_ —_ _ _ _ — | oooo
IEC6  |082C| — —_ _ —_ _ —_ —_ —_ —_ —_ —_ —_ _ _ _ PWMS3IE | 0000
IEC8 0830 | JTAGIE | ICDIE _ —_ _ —_ —_ —_ —_ —_ —_ —_ _ _ _ — | oooo
IEC9 0832 — —_ _ —_ _ —_ —_ —_ —_ PTG3IE | PTG2IE | PTG1E | PTGOE |PTGWDTIE|PTGSTEPE| — | 0000
IPCO 0840 | — T1IP<2:0> _ 0C1IP<2:0> —_ IC11P<2:0> _ INTOIP<2:0> 4444
IPC1 0842 | — T2IP<2:0> _ 0C2IP<2:0> —_ IC2IP<2:0> _ DMAOIP<2:0> 4444
IPC2 0844 | — U1RXIP<2:0> — SPI1IP<2:0> —_ SPI1EIP<2:0> _ T3IP<2:0> 4444
IPC3 0846 | — — | = 1T = — DMA1IP<2:0> _ AD1IP<2:0> _ UITXIP<2:0> 0444
IPC4 0848 | — CNIP<2:0> _ CMIP<2:0> —_ MI2C1IP<2:0> _ SI2C1IP<2:0> 4444
IPC5 08aA| — — | = 1T = _ — [ -1 - —_ —_ —_ —_ _ INT1IP<2:0> 0004
IPc6  |o084ac| — T4IP<2:0> _ 0C4IP<2:0> —_ 0C3IP<2:0> _ DMA2IP<2:0> 4444
IPC7 084E| — U2TXIP<2:0> _ U2RXIP<2:0> —_ INT2IP<2:0> _ T5IP<2:0> 4444
IPC8 0850 | — —_ _ —_ _ C1RXIP<2:0> —_ SPI2IP<2:0> _ SPI2EIP<2:0> 0444
IPC9 0852 | — —_ _ —_ _ IC4IP<2:0> —_ IC3IP<2:0> _ DMA3IP<2:0> 0444
IPC12 | 0858 | — —_ _ —_ _ MI2C2IP<2:0> —_ SI2C21P<2:0> _ _ _ — | o440
IPC14 |085C| — —_ _ —_ _ QEIIP<2:0> —_ PSEMIP<2:0> _ _ _ — | o440
IPC16 | 0860 | — CRCIP<2:0> — U2EIP<2:0> _ U1EIP<2:0> _ _ _ — | 4440
IPC19 | 0866 | — — | = 1T = _ — [ -1 - — CTMUIP<2:0> _ — — — | o040
IPC23 | 086E| — PWM2IP<2:0> _ PWM1IP<2:0> —_ —_ —_ —_ _ _ _ — | 4400
IPc24 | 0870 | — — | = 1T = _ — [ -1 - —_ —_ —_ —_ _ PWM3IP<2:0> 0004
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TABLE 4-11: PTG REGISTER MAP

File Name | Addr. | Bit15 | Bit14 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 Bit8 | Bit7 Bite | Bit5 | Bita | Bits | Bitz | Bit1 | Bito |gAl
PTGCST |0ACO [PTGEN| — |PTGSIDL|[PTGTOGL| —  |[PTGSWT|PTGSSEN | PTGIVIS | PTGSTRT |PTGWTO | — — — — PTGITM<1:0> | 0000
PTGCON | 0AC2 PTGCLK<2:0> PTGDIV<4:0> PTGPWD<3:0> — PTGWDT<2:0> 0000
PTGBTE | 0AC4 ADCTS<4:1> icaTss | 1c3Tss | ic2Tss | ic1Tss | ocacs | ocacs | ocacs |ocics | ocaTss | ocatss | ocaTss [ oc1Tss | 0000
PTGHOLD | 0AC6 PTGHOLD<15:0> 0000
PTGTOLIM | 0ACB PTGTOLIM<15:0> 0000
PTGTILIM | 0ACA PTGT1LIM<15:0> 0000
PTGSDLIM | 0ACC PTGSDLIM<15:0> 0000
PTGCOLIM | 0ACE PTGCOLIM<15:0> 0000
PTGCILIM | 0ADO PTGCILIM<15:0> 0000
PTGADJ | 0AD2 PTGADJ<15:0> 0000
PTGLO | 0AD4 PTGLO<15:0> 0000
PTGQPTR |0AD6 | — | — — — — — — — — — — PTGQPTR<4:0> 0000
PTGQUEO | 0ADS STEP1<7:0> STEP0<7:0> 0000
PTGQUE1 | 0ADA STEP3<7:0> STEP2<7:0> 0000
PTGQUE2 | 0ADC STEP5<7:0> STEP4<7:0> 0000
PTGQUE3 | 0ADE STEP7<7:0> STEP6<7:0> 0000
PTGQUE4 | 0AED STEP9<7:0> STEP8<7:0> 0000
PTGQUE5 | 0AE2 STEP11<7:0> STEP10<7:0> 0000
PTGQUE6 | 0AE4 STEP13<7:0> STEP12<7:0> 0000
PTGQUE7 | 0AE6 STEP15<7:0> STEP14<7:0> 0000
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

TABLE 7-1: INTERRUPT VECTOR DETAILS (CONTINUED)

Interrupt Source Ve;tor IZQ IVT Address Interrupt BIt Location
Flag Enable Priority

QEI — QEI1 Position Counter Compare®| 66 58 0x000088 IFS3<10> [IEC3<10> | IPC14<10:8>
Reserved 67-72 59-64 | 0x00008A-0x000094 — — —

U1E — UART1 Error Interrupt 73 65 0x000096 IFS4<1> | IEC4<1> | IPC16<6:4>
U2E — UART2 Error Interrupt 74 66 0x000098 IFS4<2> | IEC4<2> | IPC16<10:8>
CRC - CRC Generator Interrupt 75 67 0x00009A IFS4<3> | IEC4<3> |IPC16<14:12>
Reserved 76-77 | 68-69 | 0x00009C-0x00009E = = —
C1TX — CAN1 TX Data Request® 78 70 0x000A0 IFS4<6> | IEC4<6> | IPC17<10:8>
Reserved 79-84 | 71-76 | 0X0000A2-0x0000AC — — —
CTMU — CTMU Interrupt 85 77 0x0000AE IFS4<13> [IEC4<13>| IPC19<6:4>
Reserved 86-101 | 78-93 | 0x0000B0-0x0000CE = = —
PWM1 — PWM Generator 1@ 102 94 0x0000D0 IFS5<14> | IEC5<14>| IPC23<10:8>
PWM2 — PWM Generator 2 103 95 0x0000D2 IFS5<15> [ IEC5<15> | IPC23<14:12>
PWM3 — PWM Generator 3 104 96 0x0000D4 IFS6<0> | IEC6<0> | IPC24<2:0>
Reserved 105-149 | 97-141 | 0x0001D6-0x00012E = = —

ICD — ICD Application 150 142 0x000142 IFS8<14> | IEC8<14>| IPC35<10:8>
JTAG - JTAG Programming 151 143 0x000130 IFS8<15> | IEC8<15> | IPC35<14:12>
Reserved 152 144 0x000134 — — —
PTGSTEP — PTG Step 153 145 0x000136 IFS9<1> | IEC9<1> | IPC36<6:4>
PTGWDT — PTG Watchdog Time-out 154 146 0x000138 IFS9<2> | IEC9<2> | IPC36<10:8>
PTGO — PTG Interrupt 0 155 147 0x00013A IFS9<3> | IEC9<3> |IPC36<14:12>
PTG1 - PTG Interrupt 1 156 148 0x00013C IFS9<4> | IEC9<4> | IPC37<2:0>
PTG2 - PTG Interrupt 2 157 149 0x00013E IFS9<5> | IEC9<5> | IPC37<6:4>
PTG3 - PTG Interrupt 3 158 150 0x000140 IFS9<6> | IEC9<6> | IPC37<10:8>
Reserved 159-245 | 151-245 | 0x000142-0x0001FE = = =

Lowest Natural Order Priority

Note 1: This interrupt source is available on dsPIC33EPXXXGP50X and dsPIC33EPXXXMC50X devices only.
2: This interrupt source is available on dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X devices only.
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

REGISTER 10-3: PMD3: PERIPHERAL MODULE DISABLE CONTROL REGISTER 3

uU-0 uU-0 uU-0 u-0 uU-0 R/W-0 u-0 u-0
— — — — — CMPMD — —
bit 15 bit 8
R/W-0 uU-0 uU-0 u-0 U-0 U-0 R/W-0 uU-0
CRCMD — — — — — 12C2MD —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-11 Unimplemented: Read as ‘0’
bit 10 CMPMD: Comparator Module Disable bit
1 = Comparator module is disabled
0 = Comparator module is enabled
bit 9-8 Unimplemented: Read as ‘0’
bit 7 CRCMD: CRC Module Disable bit
1 = CRC module is disabled
0 = CRC module is enabled
bit 6-2 Unimplemented: Read as ‘0’
bit 1 I2C2MD: 12C2 Module Disable bit
1 =12C2 module is disabled
0 =12C2 module is enabled
bit 0 Unimplemented: Read as ‘0’
REGISTER 10-4:. PMD4: PERIPHERAL MODULE DISABLE CONTROL REGISTER 4
U-0 U-0 u-0 uU-0 uU-0 U-0 uU-0 u-0
bit 15 bit 8
U-0 uU-0 u-0 uU-0 R/W-0 R/W-0 uU-0 uU-0
— — — — REFOMD CTMUMD — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown

bit 15-4 Unimplemented: Read as ‘0’
bit 3 REFOMD: Reference Clock Module Disable bit
1 = Reference clock module is disabled
0 = Reference clock module is enabled
bit 2 CTMUMD: CTMU Module Disable bit
1 = CTMU module is disabled
0 = CTMU module is enabled
bit 1-0 Unimplemented: Read as ‘0’
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

NOTES:
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dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

17.1 QEI Resources

Many useful resources are provided on the main prod-
uct page of the Microchip web site for the devices listed
in this data sheet. This product page, which can be
accessed using this link, contains the latest updates
and additional information.

Note: In the event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/
Devices.aspx?dDocName=en555464

17.11 KEY RESOURCES

* “Quadrature Encoder Interface” (DS70601) in
the “dsPIC33/PIC24 Family Reference Manual”

» Code Samples

 Application Notes

» Software Libraries

* Webinars

» All Related “dsPIC33/PIC24 Family Reference
Manual” Sections

* Development Tools

© 2011-2013 Microchip Technology Inc.

DS70000657H-page 251


http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en555464#1
http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en555464

dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/50X AND PIC24EPXXXGP/MC20X

18.1 SPI Helpful Tips

1. In Frame mode, if there is a possibility that the
master may not be initialized before the slave:
a) If FRMPOL (SPIXCON2<13>) = 1, use a
pull-down resistor on SSx.
b) If FRMPOL = 0, use a pull-up resistor on
SSx.

Note: This insures that the first frame
transmission after initialization is not
shifted or corrupted.

2. In Non-Framed 3-Wire mode, (i.e., not using
SSx from a master):
a) If CKP (SPIXCON1<6>) = 1, always place a
pull-up resistor on SSx.
b) If CKP = 0, always place a pull-down
resistor on SSx.

Note:  This will insure that during power-up and
initialization the master/slave will not lose
Sync due to an errant SCKXx transition that
would cause the slave to accumulate data
shift errors for both transmit and receive
appearing as corrupted data.

3. FRMEN (SPIXCON2<15>) = 1 and SSEN
(SPIXCON1<7>) = 1 are exclusive and invalid.
In Frame mode, SCKXx is continuous and the
Frame Sync pulse is active on the SSx pin,
which indicates the start of a data frame.

Note:  Not all third-party devices support Frame
mode timing. Refer to the SPIx
specifications in Section 30.0 “Electrical
Characteristics” for details.

4. In Master mode only, set the SMP bit
(SPIXCON1<9>) to a ‘1’ for the fastest SPIx data
rate possible. The SMP bit can only be set at the
same time or after the MSTEN bit
(SPIXCON1<5>) is set.

To avoid invalid slave read data to the master, the
user's master software must ensure enough time for
slave software to fill its write buffer before the user
application initiates a master write/read cycle. It is
always advisable to preload the SPIXBUF Transmit
register in advance of the next master transaction
cycle. SPIXBUF is transferred to the SPIx Shift register
and is empty once the data transmission begins.

18.2 SPI Resources

Many useful resources are provided on the main prod-
uct page of the Microchip web site for the devices listed
in this data sheet. This product page, which can be
accessed using this link, contains the latest updates
and additional information.

Note: In the event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/
Devices.aspx?dDocName=en555464

18.2.1 KEY RESOURCES

» “Serial Peripheral Interface (SPI)” (DS70569) in
the “dsPIC33/PIC24 Family Reference Manual”

+ Code Samples

 Application Notes

» Software Libraries

* Webinars

» All Related “dsPIC33/PIC24 Family Reference
Manual” Sections

* Development Tools

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

21.2 Modes of Operation

The ECAN module can operate in one of several
operation modes selected by the user. These modes
include:

* Initialization mode

+ Disable mode

» Normal Operation mode

* Listen Only mode

« Listen All Messages mode

* Loopback mode

Modes are requested by setting the REQOP<2:0> bits
(CxCTRL1<10:8>). Entry into a mode is Acknowledged
by monitoring the OPMODE<2:0> bits (CxCTRL1<7:5>).
The module does not change the mode and the
OPMODEX bits until a change in mode is acceptable,
generally during bus Idle time, which is defined as at least
11 consecutive recessive bits.

21.3 ECAN Resources

Many useful resources are provided on the main prod-
uct page of the Microchip web site for the devices listed
in this data sheet. This product page, which can be
accessed using this link, contains the latest updates
and additional information.

Note: In the event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/
Devices.aspx?dDocName=en555464

21.3.1 KEY RESOURCES

+ “Enhanced Controller Area Network (ECAN™)”
(DS70353) in the “dsPIC33/PIC24 Family
Reference Manual”

+ Code Samples
 Application Notes
» Software Libraries
* Webinars

» All Related “dsPIC33/PIC24 Family Reference
Manual” Sections

* Development Tools

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

REGISTER 23-2:

AD1CON2: ADC1 CONTROL REGISTER 2

R/W-0 R/W-0 R/W-0 u-0 U-0 R/W-0 R/W-0 R/W-0
VCFG2 VCFG1 VCFGO — — CSCNA CHP$S1 CHPSO
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 SMPI4 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

bit 12-11
bit 10

bit 9-8

bit 7

bit 6-2

VCFG<2:0>: Converter Voltage Reference Configuration bits

Value VREFH VREFL
000 AvDD Avss
001 External VREF+ Avss
010 AvDD External VREF-
011 External VREF+ External VREF-
1xx AvDD Avss

Unimplemented: Read as ‘0’

CSCNA: Input Scan Select bit

1 = Scans inputs for CHO+ during Sample MUXA
0 = Does not scan inputs

CHPS<1:0>: Channel Select bits

In 12-bit mode (AD21B = 1), the CHPS<1:0> bits are Unimplemented and are Read as ‘0’:
1x = Converts CHO, CH1, CH2 and CH3

01 = Converts CHO and CH1

00 = Converts CHO

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

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

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

SMPI<4:0>: Increment Rate bits

When ADDMAEN = 0:
x1111 = Generates interrupt after completion of every 16th sample/conversion operation
x1110 = Generates interrupt after completion of every 15th sample/conversion operation

x0001 = Generates interrupt after completion of every 2nd sample/conversion operation

x0000 = Generates interrupt after completion of every sample/conversion operation

When ADDMAEN = 1:

11111 = Increments the DMA address after completion of every 32nd sample/conversion operation
11110 = Increments the DMA address after completion of every 31st sample/conversion operation

00001 = Increments the DMA address after completion of every 2nd sample/conversion operation
00000 = Increments the DMA address after completion of every sample/conversion operation

© 2011-2013 Microchip Technology Inc.
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REGISTER 24-10: PTGADJ: PTG ADJUST 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
PTGADJ<15:8>
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
PTGADJ<7:0>
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 15-0 PTGADJ<15:0>: PTG Adjust Register bits

This register holds user-supplied data to be added to the PTGTxLIM, PTGCxLIM, PTGSDLIM or
PTGLO registers with the PTGADD command.

Note 1: This register is read-only when the PTG module is executing Step commands (PTGEN = 1 and
PTGSTRT = 1).

REGISTER 24-11: PTGLO: PTG LITERAL 0 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
PTGL0<15:8>
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
PTGLO<7:0>
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 15-0 PTGLO0<15:0>: PTG Literal O Register bits
This register holds the 16-bit value to be written to the AD1CHSO register with the PTGCTRL Step
command.

Note 1: This register is read-only when the PTG module is executing Step commands (PTGEN = 1 and
PTGSTRT = 1).
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25.0 OP AMP/COMPARATOR
MODULE

Note 1: This data sheet summarizes the
features of the dsPIC33EPXXXGP50X,
dsPIC33EPXXXMC20X/50X and
PIC24EPXXXGP/MC20X families of
devices. It is not intended to be a compre-
hensive reference source. To complement
the information in this data sheet, refer to
“Op Amp/Comparator” (DS70357)in the
“dsPIC33/PIC24 Family Reference Man-
ual”, which is available from the Microchip
web site (www.microchip.com).

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 dsPIC33EPXXXGP50X, dsPIC33EPXXXMC20X/
50X and PIC24EPXXXGP/MC20X devices contain up
to four comparators, which can be configured in various
ways. Comparators, CMP1, CMP2 and CMP3, also
have the option to be configured as op amps, with the
output being brought to an external pin for gainffiltering
connections. As shown in Figure 25-1, individual
comparator options are specified by the comparator
module’s Special Function Register (SFR) control bits.

Note: Op Amp/Comparator 3 is not available on
the dsPIC33EPXXXGP502/MC502/MC202
and PIC24EP256GP/MC202 (28-pin)
devices.

These options allow users to:

» Select the edge for trigger and interrupt generation
» Configure the comparator voltage reference
» Configure output blanking and masking
» Configure as a comparator or op amp
(CMP1, CMP2 and CMP3 only)

Note:  Not all op amp/comparator input/output
connections are available on all devices.
See the “Pin Diagrams” section for
available connections.

FIGURE 25-1: OP AMP/COMPARATOR x MODULE BLOCK DIAGRAM (MODULES 1, 2 AND 3)
i CCH<1:0> (CMXCON<1:0>)
CXINT-[X—3{ 00 | - — — — — — o

|
CxIN1+ |Z|—>0\J: Vit ! s

CVREFIND — 11

1 [ |
et B~ e
CMPx |

Blanking Digital —[X] cxout®
Function > Filter .
(see Figure 25-4) (see Figure 25-5) » FTGtTrlgger

npu

OPMODE (CMxCON<10>)
& RINT1

r

CREF (CMxCON<4>)

samples the ANXx pin.

Note 1: This input/output is not available as a selection when configured as an op amp (OPMODE (CMxCON<10>) = 1).
2:  This module can be configured either as an op amp or a comparator using the OPMODE bit.
3:  When configured as an op amp (OPMODE = 1), the ADC samples the op amp output; otherwise, the ADC

. MV

PX] 0AxOUT/ANX

OAX/ANX®)
P> (10 ADC)
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REGISTER 25-4:

CMxMSKSRC: COMPARATOR x MASK SOURCE SELECT
CONTROL REGISTER (CONTINUED)

bit 3-0 SELSRCA<3:0>: Mask A Input Select bits

1111 =FLT4
1110 =FLT2
1101 = PTGO19
1100 = PTGO18
1011 = Reserved
1010 = Reserved
1001 = Reserved
1000 = Reserved
0111 = Reserved
0110 = Reserved
0101 = PWM3H
0100 = PWM3L
0011 = PWM2H
0010 = PWM2L
0001 = PWM1H
0000 = PWM1L

© 2011-2013 Microchip Technology Inc.
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NOTES:
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REGISTER 26-3: CRCXORH: CRC XOR POLYNOMIAL HIGH 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
X<31:24>
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
X<23:16>
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 X<31:16>: XOR of Polynomial Term X" Enable bits

REGISTER 26-4: CRCXORL: CRC XOR POLYNOMIAL LOW 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
X<15:8>

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 u-0
X<7:1> —

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 15-1 X<15:1>: XOR of Polynomial Term X" Enable bits

bit 0 Unimplemented: Read as ‘0’
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TABLE 30-11: DC CHARACTERISTICS: I/O PIN INPUT SPECIFICATIONS

DC CHARACTERISTICS (unless otherwise stated)

Standard Operating Conditions: 3.0V to 3.6V

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

Pal\zgm Symbol Characteristic Min. Typ. Max. Units Conditions
VIL Input Low Voltage
DI10 Any 1/0 Pin and MCLR Vss — 02VoD | V
DI18 1/0 Pins with SDAx, SCLx Vss — 0.3VDD \Y SMBus disabled
DI19 I/0 Pins with SDAx, SCLx Vss — 0.8 \Y, SMBus enabled
VIH Input High Voltage
DI20 I/0 Pins Not 5V Tolerant 0.8 VDD — VDD \% (Note 3)
I/O Pins 5V Tolerant and 0.8 VDD — 5.5 \Y, (Note 3)
MCLR
I/0 Pins with SDAXx, SCLx 0.8 VbD — 5.5 \Y SMBus disabled
1/0 Pins with SDAXx, SCLx 2.1 — 55 \% SMBus enabled

ICNPU Change Notification
Pull-up Current

DI30 150 250 550

pA | VDD = 3.3V, VPIN = Vss

IcNPD | Change Notification
Pull-Down Current®

DI31 20 50 100

pA | VDD = 3.3V, VPIN = VDD

Note 1: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current can be measured at different input

voltages.

Negative current is defined as current sourced by the pin.
See the “Pin Diagrams” section for the 5V tolerant I/O pins.
VIL source < (Vss — 0.3). Characterized but not tested.

tested.

N o

Non-5V tolerant pins VIH source > (VDD + 0.3), 5V tolerant pins VIH source > 5.5V. Characterized but not

Digital 5V tolerant pins cannot tolerate any “positive” input injection current from input sources > 5.5V.
Non-zero injection currents can affect the ADC results by approximately 4-6 counts.

8:  Any number and/or combination of I/O pins not excluded under licL or licH conditions are permitted
provided the mathematical “absolute instantaneous” sum of the input injection currents from all pins do not

exceed the specified limit. Characterized but not tested.
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FIGURE 30-12:

QEA/QEB INPUT CHARACTERISTICS

(dsPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X DEVICES ONLY)
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TABLE 30-31: QUADRATURE DECODER TIMING REQUIREMENTS
(dsSPIC33EPXXXMC20X/50X and PIC24EPXXXMC20X DEVICES ONLY)

Standard Operating Conditions: 3.0V to 3.6V
(unless otherwise stated)
AC CHARACTERISTICS Operating temperature  -40°C < TA < +85°C for Industrial
-40°C < TA < +125°C for Extended
Pilrc?m Symbol Characteristic() Typ.® Max. Units Conditions
TQ30 TaulL Quadrature Input Low Time 6 Tcy — ns
TQ31 TauH Quadrature Input High Time 6 Tcy — ns
TQ35 TauIN Quadrature Input Period 12 Tey — ns
TQ36 TaQuP Quadrature Phase Period 3 Tey — ns
TQ40 TQuFL Filter Time to Recognize Low, 3*N*Tcy — ns N=1,2,4,16,32, 64,128
with Digital Filter and 256 (Note 3)
TQ41 TQuFH Filter Time to Recognize High, 3*N*Tcy — ns N=1,2, 4,616, 32, 64,128
with Digital Filter and 256 (Note 3)
Note 1: These parameters are characterized but not tested in manufacturing.
2: Data in “Typical” column is at 3.3V, +25°C unless otherwise stated. Parameters are for design guidance
only and are not tested.
3: N =Index Channel Digital Filter Clock Divide Select bits. Refer to “Quadrature Encoder Interface (QEI)”

(DS70601) in the “dsPIC33/PIC24 Family Reference Manual’. Please see the Microchip web site for the

latest family reference manual sections.
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TABLE 30-33: SPI2 MAXIMUM DATA/CLOCK RATE SUMMARY

Standard Operating Conditions: 3.0V to 3.6V

unless otherwise stated
AC CHARACTERISTICS (Operating temperature -)40°C < TA < +85°C for Industrial

-40°C < TA < +125°C for Extended
Maximum Mas.ter quter . Sllave .
Data Rate Transmit Only Transmit/Receive | Transmit/Receive CKE CKP SMP
(Half-Duplex) (Full-Duplex) (Full-Duplex)

15 MHz Table 30-33 — — 0,1 0,1 0,1
9 MHz — Table 30-34 — 1 0,1 1
9 MHz — Table 30-35 — 0 0,1 1
15 MHz — — Table 30-36 1 0 0
11 MHz — — Table 30-37 1 1 0
15 MHz — — Table 30-38 0 1 0
11 MHz — — Table 30-39 0 0 0

FIGURE 30-14: SPI2 MASTER MODE (HALF-DUPLEX, TRANSMIT ONLY, CKE = 0)
TIMING CHARACTERISTICS
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Note: Refer to Figure 30-1 for load conditions.
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FIGURE 30-26: SPI1 SLAVE MODE (FULL-DUPLEX, CKE =1, CKP =0, SMP =0)
TIMING CHARACTERISTICS
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Note: Refer to Figure 30-1 for load conditions.
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