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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"

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
85

128KB (43K x 24)

FLASH

16K x 8

3V ~ 3.6V

A/D 49x10b/12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

121-TFBGA

121-TFBGA (10x10)
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TABLE 4-2: INTERRUPT CONTROLLER REGISTER MAP FOR dsPIC33EPXXXGM6XX/7XX DEVICES
Nsa’?’r'?e Addr.| Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit0 ReAsléts

INTCON1 | 08CO | NSTDIS | OVAERR | OVBERR | COVAERR | COVBERR| OVATE OVBTE COVTE |SFTACERR| DIVOERR | DMACERR | MATHERR |ADDRERR| STKERR | OSCFAIL — 0000
INTCON2 | 08C2| GIE DisI SWTRAP — — — — — — — — — — INT2EP INT1EP INTOEP | 0000
INTCON3 | 08C4| — — — — — — — — — — DAE DOOVR — — — — 0000
INTCON4 | 08C6| — — — — — — — — — — — — — — — SGHT 0000
IFSO 0800 | — DMAT1IF | AD1IF U1TXIF U1RXIF SPIIF SPIEIF T3IF T2IF OC2IF IC2IF DMAOIF TIF OC1IF IC1IF INTOIF | 0000
IFS1 0802 | U2TXIF | U2RXIF | INT2IF T5IF T4IF OCA4IF OC3IF DMA2IF IC8IF IC7IF AD2IF INT1IF CNIF CMPIF MI2C1IF SI2C1IF | 0000
IFS2 0804 | T6IF — PMPIF® | OC8IF OC7IF OC6IF OCS5IF IC6IF IC5IF IC4IF IC3IF DMASIF C1IF C1RXIF SPI2IF SPI2EIF | 0000
IFS3 0806 | FLT1IF | RTCCIF® — DCIIF DCIEIF QENMIF PSEMIF C2IF C2RXIF INT4IF INT3IF TIIF T8IF MI2C2IF SI2C2IF T7IF 0000
IFS4 0808 | — — CTMUIF | FLT4IF QEI2IF FLT3IF PSESMIF — C2TXIF C1TXIF — — CRCIF U2EIF U1EIF FLT2IF | 0000
IFS5 080A | PWM2IF | PWM1IF — — SPI3IF SPI3EIF U4TXIF U4RXIF U4EIF — — — U3TXIF U3RXIF USEIF — 0000
IFS6 08oC| — — — — — — — — — — — — PWMGIF | PWMSIF PWM4IF | PWM3IF | 0000
IFS8 0810 | JTAGIF | ICDIF — — — — — — — — — — — — — — 0000
IFS9 0812| — — — — — — — — — PTG3IF PTG2IF PTG1IF PTGOIF | PTGWDTIF | PTGSTEPIF — 0000
IECO 0820 — DMA1IE | AD1IE UITXIEE | U1RXIE SPIMIE SPIMEIE T3IE T2IE OC2IE IC2IE DMAOIE TIIE OC1IE IC1IE INTOIE | 0000
IEC1 0822 | U2TXIE | U2RXIE | INT2IE T5IE TAIE OCA4IE OC3IE DMA2IE IC8IE IC7IE AD2IE INT1IE CNIE CMPIE MI2C1IE SI2C1IE | 0000
IEC2 0824 | T6IE — PMPIE® | OC8IE OC7IE OC6IE OCS5IE IC6IE IC5IE IC4IE IC3IE DMA3IE ClE C1RXIE SPI2IE SPI2EIE | 0000
IEC3 0826 | FLT1IE | RTCCIE®@ — DCIE DCIEIE QENMIE PSEMIE C2IE C2RXIE INT4IE INT3IE TIIE T8IE MI2C2IE SI2C2IE T7IE 0000
IEC4 0828| — — CTMUIE | FLT4IE QEI2IE FLT3IE PSESMIE — C2TXIE CI1TXIE — — CRCIE U2EIE U1EIE FLT2IE | 0000
IEC5 082A | PWM2IE| PWM1IE — — SPI3IE SPI3EIE U4TXIE U4RXIE U4EIE — — — U3TXIE U3RXIE USEIE — 0000
IEC6 082C| — — — — — — — — — — — — PWMBIE | PWMSIE PWM4IE | PWMSIE | 0000
IEC8 0830 | JTAGIE | ICDIE — — — — — — — — — — — — — — 0000
IEC9 0832| — — — — — — — — — PTG3IE PTG2IE PTG1IE PTGOIE | PTGWDTIE | PTGSTEPIE — 0000
IPCO 0840 | — T1IP2 T1IP1 T1IPO — OC1IP2 OC1IP1 OC1IPO — IC1IP2 IC1IP1 IC11PO — INTOIP2 INTOIP1 INTOIP2 | 4444
IPC1 0842 | — T2IP2 T2IP1 T2IPO — OcC2IP2 OC2IP1 OC2IP0 — IC21P2 IC2IP1 IC2IP0 — DMAOIP2 | DMAOIP1 | DMAOIP2 | 4444
IPC2 0844 | — UTRXIP2 | UTRXIP1 | U1RXIPO — SPI1IP2 SPI1IP1 SPI1IPO — SPIMEIP2 SPIMEIP1 SPI1EIPO — T3IP2 T3IP1 T3IPO 4444
IPC3 0846 | — — — — — DMA1IP2 DMA1IP1 DMA1IPO — AD1IP2 AD1IP1 AD1IPO — UTTXIP2 | U1TXIP1 | U1TXIPO | 4444
IPC4 0848 | — CNIP2 CNIP1 CNIPO — CMPIP2 CMPIP1 CMPIPO — Mi2C11P2 MI2C1IP1 MI2C1IPO — SI2C1IP2 | SI2C1IP1 | SI2C1IPO | 4444
IPC5 084A| — IC8IP2 IC8IP1 IC8IPO — IC7IP2 IC7IP1 IC7IPO — AD2IP2 AD2IP1 AD2IPO — INT1IP2 INT1IP1 INT1IPO | 4444
IPC6 084C| — T4IP2 T4IP1 T4IPO — OC4IP2 OC4IP1 OC4IP0 — OC3IP2 OC3IP1 OC3IPO — DMA2IP2 | DMA2IP1 | DMA2IPO | 4444
IPC7 084E| — U2TXIP2 | U2TXIP1 | U2TXIPO — U2RXIP2 U2RXIP1 U2RXIPO — INT2IP2 INT2IP1 INT2IPO — T5IP2 T5IP1 T5IPO 4444
IPC8 0850 | — C1IP2 C1IP1 C1IPO — C1RXIP2 C1RXIP1 C1RXIPO — SPI2IP2 SPI2IP1 SPI2IPO — SPI2EIP2 | SPI2EIP1 | SPI2EIPO | 4444
IPC9 0852| — IC5IP2 IC5IP1 IC5IPO — IC4IP2 IC4IP1 IC4IPO — IC3IP2 IC3IP1 IC3IPO — DMA3IP2 | DMASIP1 | DMASIPO | 4444
IPC10 0854 | — OC7IP2 | OC7IP1 | OC7IPO — 0OCeIP2 OC6IP1 0OC6IP0 — OCs5IP2 OC5IP1 OC5IPO — IC6IP2 1C6IP1 IC6IPO | 4444
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

Note 1. The PMPIF/PMPIE/PMPIPx flags are not available on 44-pin devices.

2:  The RTCCIF/RTCCIE/RTCCIPx flags are not available on 44-pin devices.
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TABLE 4-2: INTERRUPT CONTROLLER REGISTER MAP FOR dsPIC33EPXXXGM6XX/7XX DEVICES (CONTINUED)
SFR | nddr.| Bit1s | Bit14 | Bit13 | Bit12 | Bitll Bit 10 Bit9 Bit8 Bit 7 Bit6 Bit5 Bit 4 Bit3 Bit2 Bit 1 gito | A
Name Resets

IPC11  |08%6| — TelP2 | TeIP1 T6IPO — — — — — PMPIP2M | PMPIP1® | PMPIPO®M — OC8IP2 | OC8IP1 | OC8IPO | 4444
IPC12  |0888| — TeP2 | T8IP1 T8IPO — MI2C2IP2 | MI2C2IP1 | MI2C2IP0 — SI2C2P2 | SI2C2IP1 SI2C2IP0 — T7IP2 T7IP1 T7IPO | 4444
IPC13  |085A| — | C2RXIP2 | C2RXIP1 | C2RXIPO — INT4IP2 INT4IP1 INT4IPO — INT3IP2 INT3IP1 INT3IPO — ToIP2 ToIP1 TOIPO | 4444
IPC14 |085C| — | DCIEIP2 | DCIEIP1 | DCIEIPO — QEMIP2 | QEMIP2 | QEMIPO — PCEPIP2 | PCEPIP1 PCEPIPO — C2IP2 C2IP1 C2IP0 | 4444
IPC15 |085E| — | FLT1IP2 | FLT1IP1 | FLT1IPO — RTCCIP2@ | RTCCIP1@ | RTCCIPO® — — — — — DCIIP2 DCIIP1 DCIPO | 0404
IPC16  |0860| — | CRCIP2 | CRCIP1 | CRCIPO — U2EIP2 U2EIP1 U2EIPO — U1EIP2 UIEIP1 U1EIPO — FLT2IP2 | FLT2IP1 | FLT2IPO | 4440
IPC17 |0862| — | C2TXIP2 | C2TXIP1 | C2TXIPO — C1TXIP2 | CATXIP1 | C1TXIPO — — — — — — — — 4400
IPC18 |0864| — | QEI2IP2 | QEI2IP1 | QEI2IPO — FLT3IP2 FLT3IP1 FLT3IPO — PCESIP2 | PCESIP1 PCESIPO — — — — 4040
IPC19 | 0866| — — — — — — — — — CTMUIP2 | CTMUIP1 | CTMUIPO — FLT4IP2 | FLT4IP1 | FLT4IPO | 4000
IPC20 |0868| — | U3TXIP2 | U3TXIP1 | U3TXIPO — U3RXIP2 | U3RXIP1 | U3RXIPO — U3EIP2 U3EIP1 USEIPO — — — — 0000
IPC21  |086A| — U4EIP2 | U4EIP1 | U4EIPO — — — — — — — — — — — — 0000
IPC22  |086C| — | SPI3IP2 | SPI3IP1 | SPI3IPO — SPI3EIP2 | SPI3EIP1 | SPISEIPO — U4TXIP2 U4TXIP1 U4TXIPO — U4RXIP2 | U4RXIP1 | U4RXIPO | 0000
IPC23 |086E| — | PGC2IP2 | PGC2IP1 | PGC2IPO — PWM1IP2 | PWM1IP1 | PWM1IPO — — — — — — — — 4400
IPC24 |0870| — | PWM6IP2 | PWMGIP1| PWM6IPO — PWMSIP2 | PWMSIP1 | PWMSIPO — PWM4IP2 | PWM4IP1 | PWM4IPO — PWM3IP2 | PWM3IP1 | PWMBIPO | 4444
IPC35 |0886| — | JTAGIP2 | JTAGIP1 | JTAGIPO — ICDIP2 ICDIP ICDIPO — — — — — — — — 4400
IPC36 |0888| — | PTGOIP2 | PTGOIP1 | PTGOIPO — | PTGWDTIP2| PTGWDTIP1 | PTGWDTIPO|  — PTGSTEPIP2| PTGSTEPIP1 | PTGSTEPIPO|  — — — — 4440
IPC37 |088A| — — — — — PTG3IP2 | PTG3IP1 | PTG3IPO — PTG2IP2 PTG2IP1 PTG2IP0 — PTGIIP2 | PTG1IP1 | PTG1IPO | 0445
INTTREG | 08C8| — — — — ILR3 ILR2 ILR1 ILRO | VECNUM7 | VECNUM6 | VECNUM5 | VECNUM4 |VECNUM3 | VECNUM2 | VECNUM1 | VECNUMO | 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

Note 1. The PMPIF/PMPIE/PMPIPx flags are not available on 44-pin devices.

2:  The RTCCIF/RTCCIE/RTCCIPx flags are not available on 44-pin devices.
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TABLE 4-7: PTG REGISTER MAP

SFR | Addr. | Bit15 | Bit14 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bits | Bit7 Bit6 Bit5 Bit4 | Bit3 | Bit2 Bit 1 gito | A

Name Resets
PTGCST 0ACO | PTGEN — PTGSIDL | PTGTOGL — PTGSWT | PTGSSEN | PTGIVIS | PTGSTRT | PTGWDTO — — — — PTGITM1 | PTGITMO | 0000
PTGCON 0AC2 |PTGCLK2 |PTGCLK1|PTGCLKO | PTGDIV4 | PTGDIV3 | PTGDIV2 | PTGDIV1 | PTGDIVO | PTGPWD3 | PTGPWD2 | PTGPWD1 | PTGPWDO — PTGWDT2 | PTGWDT1 | PTGWDTO| 0000
PTGBTE OAC4 | ADCTS4 | ADCTS3 | ADCTS2 | ADCTS1 | IC4TSS | IC3TSS | IC2TSS | IC1TSS | OC4CS 0OC3Cs 0c2Cs OC1CS |OC4TSS| OC3TSS | OC2TSS | OC1TSS | 0000
PTGHOLD | 0AC6 PTGHOLD<15:0> 0000
PTGTOLIM | OAC8 PTGTOLIM<15:0> 0000
PTGT1LIM | OACA PTGT1LIM<15:0> 0000
PTGSDLIM | OACC PTGSDLIM<15:0> 0000
PTGCOLIM | OACE PTGCOLIM<15:0> 0000
PTGC1LIM | OADO PTGC1LIM<15:0> 0000
PTGADJ 0AD2 PTGADJ<15:0> 0000
PTGLO 0AD4 PTGL0<15:0> 0000
PTGQPTR | 0AD6 — — — | — — — — — — — — PTGQPTR<4:0> 0000
PTGQUEO | OAD8 STEP1<7:0> STEPO0<7:0> 0000
PTGQUE1 | OADA STEP3<7:0> STEP2<7:0> 0000
PTGQUE2 | 0ADC STEP5<7:0> STEP4<7:0> 0000
PTGQUE3 | OADE STEP7<7:0> STEP6<7:0> 0000
PTGQUE4 | OAEO STEP9<7:0> STEP8<7:0> 0000
PTGQUE5 | OAE2 STEP11<7:0> STEP10<7:0> 0000
PTGQUE6 | OAE4 STEP13<7:0> STEP12<7:.0> 0000
PTGQUE7 | OAE6 STEP15<7:0> STEP14<7:.0> 0000
PTGQUES8 | OxOAE8 STEP17<7:0> STEP16<7:0> 0000
PTGQUE9 | OXOAEA STEP19<7:0> STEP18<7:.0> 0000
PTGQUE10 | OXOAEC STEP21<7:0> STEP20<7:0> 0000
PTGQUE11 | OXOAEE STEP23<7:0> STEP22<7:.0> 0000
PTGQUE12 | 0x0AFO STEP25<7:0> STEP24<7:.0> 0000
PTGQUE13 | 0x0AF2 STEP27<7:0> STEP26<7:0> 0000
PTGQUE14 | 0x0AF4 STEP29<7:0> STEP28<7:.0> 0000
PTGQUE15 | 0x0AF6 STEP31<7:0> STEP30<7:0> 0000
Legend:  x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TABLE 4-8: PWM REGISTER MAP

oK |adar | Bit1s |Bitaa] Bit1s | Bit1z | sita| 0 | Bito Bit8 Bit7 Bit6 Bit5 Bit 4 Bt 3 Bit 2 Bit 1 Bito | oA
PTCON |ocoo| PTEN | — |PTSIDL[SESTAT|SEIEN|EIPU| SYNCPOL | SYNCOEN | SYNCEN |SYNCSRC2|SYNCSRC1|SYNCSRCO| SEVIPS3 | SEVTPS2 | SEVIPS1 | SEVIPSO | 0000
PTcCON2 |oco2| — — = =T1-=1= — — — — — — — PCLKDIV<2:0> 0000
PTPER | 0C04 PTPER<15.0> 00F8
SEVTCMP | 0C06 SEVTCMP<15:0> 0000
MDC 0C0A MDC<15:0> 0000
STCoN  [ocoE|  — — | — |sesTar|seiEN|EIPU] SYNCPOL | SYNCOEN | SYNCEN |[SYNCSRC2|SYNCSRC1|SYNCSRCO| SEVTPS3 | SEVTPS2 | SEVTPS1 | SEVIPSO | 0000
stcon2 [octo|  — — [ =1 =T1-=1= — — — — — — — PCLKDIV<2:0> 0000
STPER  |o0C12 STPER<15:0> 0000
SSEVTCMP | 0C14 SSEVTCMP<15:0> 0000
cHop  JociafcHpelkeN] — | — | — [ — | — [cHOPCLKe| CHOPCLKS | CHOPCLK? | CHOPCLK6 | CHOPCLKS | CHOPCLK4 | CHOPCLK3 | CHOPCLK2 | CHOPCLK1 | CHOPCLKO | 0000
PWMKEY | 0C1E PWMKEY<15:0> 0000
Legend: — =unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
TABLE 4-9: PWM GENERATOR 1 REGISTER MAP

OFR lAddr| Bit1s | Bit14 | Bit13 | Bit12 | Bitll Bit 10 Bit9 Bit8 Bit7 | Bité | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 gito | A

Name Resets
PWMCON1 | 0C20 | FLTSTAT | CLSTAT | TRGSTAT| FLTEN | CLEN | TRGIEN T8 mpcs | prct | prco | DTCP — MTBS caM | xPREs | IUE | o000
IOCON1 [o0c22| PENH | PENL | POLH | POLL | PMOD1 | PMODO | OVRENH | OVRENL |OVRDAT1|OVRDATO| FLTDAT1 | FLTDATO | CLDAT1 | CLDATO | SWAP | OSYNC | Q000
FCLCON1 | 0C24 [IFLTMOD | CLSRC4 | CLSRC3 | CLSRC2| CLSRC1 | CLSRCO | CLPOL | CLMOD |FLTSRCA | FLTSRC3| FLTSRC2 | FLTSRC1 | FLTSRCO | FLTPOL | FLTMOD1 | FLTMODO | 0000
PDC1  [oc2e PDC1<15:0> FFF8
PHASE1! [oc2s PHASE1<15:0> 0000
DIR1  [ocA| — — DTR1<130> 0000
ALTDTR1 [oc2c| — — ALTDTR1<130> 0000
sbct |ocee SDC1<150> 0000
SPHASE1 | 0C30 SPHASE1<150> 0000
TRIGT  [oc32 TRGCMP<15:0> 0000
TRGCON1 | 0c34|TRGDIV3|TRGDIV2| TRGDIV [TReDVO|  — |  — |  — |  — | — | — [TRGSTRT5| TRGSTRT4| TRGSTRT3 | TRGSTRT2 | TRGSTRT1| TRGSTRTO| 0000
PWMCAP1 | 0C38 PWMCAP1<15:0> 0000
LteBcON1 oc3a| PHR | PHF | PR | pPF |[Fmesen fcuesen | — | — | — | — | socH BcL | BPHH | ePHL | BPLH | BPLL | 0000
LEBDLY1 [oc3c| — — — — LEB<11:0> 0000
AUXCON1 [0C3E| — — — — | BLANKSEL3 | BLANKSEL2 | BLANKSEL1 [BLANKSELO|  — | — [ CHOPSEL3 | CHOPSEL2 | CHOPSEL1 | CHOPSELO | CHOPHEN | CHOPLEN | 0000
Legend:  — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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11.4.5 OUTPUT MAPPING

In contrast to inputs, the outputs of the Peripheral Pin
Select options are mapped on the basis of the pin. In
this case, a control register associated with a particular
pin dictates the peripheral output to be mapped. The
RPORXx registers are used to control output mapping.
Like the RPINRX registers, each register contains sets
of 6-bit fields, with each set associated with one RPn
pin (see Register 11-30 through Register 11-42). The
value of the bit field corresponds to one of the periph-
erals and that peripheral’s output is mapped to the pin
(see Table 11-3 and Figure 11-3).

A null output is associated with the output register
Reset value of ‘0’. This is done to ensure that remap-
pable outputs remain disconnected from all output pins
by default.

FIGURE 11-3: MULTIPLEXING REMAPPABLE
OUTPUT FOR RPn

RPnR<5:0>

Default
U1TX Output
__ SDO2 Output |

2

RPn
® |Output Data [\ XI
° L
°

QEI1CCMP Output

REFCLKO Output

11.4.51 Mapping Limitations

The control schema of the peripheral select pins is not
limited to a small range of fixed peripheral configura-
tions. There are no mutual or hardware-enforced
lockouts between any of the peripheral mapping SFRs.
Literally any combination of peripheral mappings
across any or all of the RPn pins is possible. This
includes both many-to-one and one-to-many mappings
of peripheral inputs and outputs to pins. While such
mappings may be technically possible from a configu-
ration point of view, they may not be supportable from
an electrical point of view.

© 2013-2014 Microchip Technology Inc.
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REGISTER 11-16: RPINR22: PERIPHERAL PIN SELECT INPUT REGISTER 22

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
_ SCK2R<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
— SDI2R<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

SCK2R<6:0>: Assign SPI2 Clock Input (SCK2) 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

SDI2R<6:0>: Assign SPI2 Data Input (SDI2) 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 18-1: SPIXSTAT: SPIx STATUS AND CONTROL REGISTER (CONTINUED)

bit 1

bit 0

SPITBF: SPIx Transmit Buffer Full Status bit

1 = Transmit has not yet started, SPIXTXB is full

0 = Transmit has started, SPIXTXB is empty

Standard Buffer Mode:

Automatically set in hardware when the core writes to the SPIXBUF location, loading SPIXTXB.
Automatically cleared in hardware when the SPIx module transfers data from SPIXTXB to SPIxXSR.
Enhanced Buffer Mode:

Automatically set in hardware when the CPU writes to the SPIXBUF location, loading the last available
buffer location. Automatically cleared in hardware when a buffer location is available for a CPU write
operation.

SPIRBF: SPIx Receive Buffer Full Status bit

1 = Receive is complete, SPIXRXB is full

0 = Receive is incomplete, SPIXRXB is empty

Standard Buffer Mode:

Automatically set in hardware when SPIx transfers data from SPIXSR to SPIXRXB. Automatically
cleared in hardware when the core reads the SPIXBUF location, reading SPIXRXB.

Enhanced Buffer Mode:

Automatically set in hardware when SPIx transfers data from SPIXSR to the buffer, filling the last
unread buffer location. Automatically cleared in hardware when a buffer location is available for a
transfer from SPIXSR.

© 2013-2014 Microchip Technology Inc. DS70000689D-page 277
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REGISTER 18-3: SPIXCON2: SPIx CONTROL REGISTER 2

R/W-0 R/W-0 R/W-0 uU-0 uU-0 uU-0 u-0 uU-0
FRMEN SPIFSD FRMPOL — — — — —
bit 15 bit 8
uU-0 u-0 U-0 uU-0 U-0 u-0 R/W-0 R/W-0
— — — — — — FRMDLY SPIBEN
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 FRMEN: Framed SPIx Support bit

1 = Framed SPIx support is enabled (@ pin is used as the Frame Sync pulse input/output)
0 = Framed SPIx support is disabled

bit 14 SPIFSD: SPIx Frame Sync Pulse Direction Control bit
1 = Frame Sync pulse input (slave)

0 = Frame Sync pulse output (master)
bit 13 FRMPOL: Frame Sync Pulse Polarity bit

1 = Frame Sync pulse is active-high
0 = Frame Sync pulse is active-low

bit 12-2 Unimplemented: Read as ‘0’

bit 1 FRMDLY: Frame Sync Pulse Edge Select bit

1 = Frame Sync pulse coincides with first bit clock
0 = Frame Sync pulse precedes first bit clock

bit 0 SPIBEN: SPIx Enhanced Buffer Enable bit

1 = Enhanced Buffer is enabled

0 = Enhanced Buffer is disabled (Standard mode)

DS70000689D-page 280
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REGISTER 20-2: UxSTA: UARTx STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 u-0 R/W-0, HC R/W-0 R-0 R-1
UTXISEL1 UTXINV UTXISELO — UTXBRK UTXEN® UTXBF TRMT
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R-1 R-0 R-0 R/C-0 R-0
URXISEL1 URXISELO ADDEN RIDLE PERR FERR OERR URXDA
bit 7 bit 0
Legend: C = Clearable bit 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 15,13 UTXISEL<1:0>: UARTx Transmission Interrupt Mode Selection bits

11 = Reserved; do not use

10 = Interrupt when a character is transferred to the Transmit Shift Register (TSR), and as a result,
the transmit buffer becomes empty

01 = Interrupt when the last character is shifted out of the Transmit Shift Register; all transmit
operations are completed

00 = Interrupt when a character is transferred to the Transmit Shift Register (this implies there is at
least one character open in the transmit buffer)

bit 14 UTXINV: UARTX Transmit Polarity Inversion bit
If IREN = 0:
1 = UxTX Idle state is ‘0’
0 = UxTX Idle state is ‘1’
If IREN = 1:
1 = IrDA encoded UxTX Idle state is ‘1’
0 = IrDA encoded UxTX Idle state is ‘0’
bit 12 Unimplemented: Read as ‘0’
bit 11 UTXBRK: UARTX Transmit Break bit
1 = Sends Sync Break on next transmission — Start bit, followed by twelve ‘0’ bits, followed by Stop
bit; cleared by hardware upon completion
0 = Sync Break transmission is disabled or has completed
bit 10 UTXEN: UARTX Transmit Enable bit™)
1 = Transmit is enabled, UXTX pin is controlled by UARTXx
0 = Transmit is disabled, any pending transmission is aborted and the buffer is reset; UxTX pin is
controlled by the PORT
bit 9 UTXBF: UARTXx Transmit Buffer Full Status bit (read-only)
1 = Transmit buffer is full
0 = Transmit buffer is not full, at least one more character can be written
bit 8 TRMT: Transmit Shift Register Empty bit (read-only)
1 = Transmit Shift Register is empty and transmit buffer is empty (the last transmission has completed)
0 = Transmit Shift Register is not empty, a transmission is in progress or queued
bit 7-6 URXISEL<1:0>: UARTx Receive Interrupt Mode Selection bits
11 = Interrupt is set on UxRSR transfer, making the receive buffer full (i.e., has 4 data characters)
10 = Interrupt is set on UxRSR transfer, making the receive buffer 3/4 full (i.e., has 3 data characters)
Ox = Interrupt is set when any character is received and transferred from the UXRSR to the receive
buffer; receive buffer has one or more characters

Note 1. Refer to the “dsPIC33/PIC24 Family Reference Manual”, “Universal Asynchronous Receiver
Transmitter (UART)” (DS70000582) for information on enabling the UART module for transmit operation.
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REGISTER 21-26: CXxTRmMnCON: CANx TX/RX BUFFER mn CONTROL REGISTER
(m=0,24,6;n=135,7)

R/W-0 R-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
TXENn | TXABTn | TXLARBn | TXERRn | TXREQn | RTRENn | TXnPRI1 | TXnPRIO

bit 15 bit 8
R/W-0 R-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
TXENm TXABTM® | TXLARBmM® | TXERRm@) | TXREQm RTRENm TXmPRI1 TXmPRIO

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 15-8 See Definition for bits 7-0, controls Buffer n

bit 7 TXENmM: TX/RX Buffer Selection bit

1 = Buffer, TRBn, is a transmit buffer

0 = Buffer, TRBn, is a receive buffer
bit 6 TXABTm: Message Aborted bit(?)

1 = Message was aborted

0 = Message completed transmission successfully
bit 5 TXLARBmM: Message Lost Arbitration bit()

1 = Message lost arbitration while being sent

0 = Message did not lose arbitration while being sent
bit 4 TXERRmM: Error Detected During Transmission bit™)

1 = A bus error occurred while the message was being sent

0 = A bus error did not occur while the message was being sent
bit 3 TXREQm: Message Send Request bit

1 = Requests that a message be sent; the bit automatically clears when the message is successfully sent

0 = Clearing the bit to ‘0’ while set requests a message abort
bit 2 RTRENmM: Auto-Remote Transmit Enable bit

1 = When a remote transmit is received, TXREQx will be set

0 = When a remote transmit is received, TXREQx will be unaffected
bit 1-0 TXmPRI<1:0>: Message Transmission Priority bits

11 = Highest message priority

10 = High intermediate message priority

01 = Low intermediate message priority

00 = Lowest message priority

Note 1: This bitis cleared when TXREQXx is set.

Note:  The buffers, SIDx, EIDx, DLCx, Data Field, and Receive Status registers, are located in DMA RAM. I
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REGISTER 25-12: PTGQPTR: PTG STEP QUEUE POINTER REGISTER®

U-0 u-0 uU-0 u-0 uU-0 uU-0 uU-0 uU-0
bit 15 bit 8
uU-0 u-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — PTGQPTR<4:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
bit 15-5 Unimplemented: Read as ‘0’
bit 4-0 PTGQPTR<4:0>: PTG Step Queue Pointer Register bits

This register points to the currently active Step command in the step queue.

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

REGISTER 25-13: PTGQUEx: PTG STEP QUEUE REGISTER x (x = 0-15)(13)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
STEP(2x + 1)<7:0>(2
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
STEP(2x)<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’ = Bit is cleared x = Bit is unknown
bit 15-8 STEP(2x + 1)<7:0>: PTG Step Queue Pointer Register bits®
A queue location for storage of the STEP(2x +1) command byte.
bit 7-0 STEP(2x)<7:0>: PTG Step Queue Pointer Register bits(®

A queue location for storage of the STEP(2x) command byte.

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

2: Refer to Table 25-1 for the Step command encoding.
3: The Step registers maintain their values on any type of Reset.
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FIGURE 26-2: OP AMP/COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM
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26.3 Op Amp/Comparator Control
Registers

REGISTER 26-1: CMSTAT: OP AMP/COMPARATOR STATUS REGISTER

R/W-0 U-0 u-0 R-0 R-0 R-0 R-0 R-0
PSIDL — — cs5evT® | c4evT® C3evVT® c2evt® | c1evT®
bit 15 bit 8
U-0 U-0 U-0 R-0 R-0 R-0 R-0 R-0
— — — c50UT@ | c40uUT® | c30UT® c20uT@ | c1ouT®
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 PSIDL: Op Amp/Comparator Stop in Idle Mode bit

1 = Discontinues operation of all op amps/comparators when device enters Idle mode
0 = Continues operation of all op amps/comparators in Idle mode
bit 14-13 Unimplemented: Read as ‘0’
bit 12 C5EVT.C1EVT: Op Amp/Comparator 1-5 Event Status bit(1)
1 = Op amp/comparator event occurred
0 = Op amp/comparator event did not occur
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 C50UT:C10UT: Op Amp/Comparator 1-5 Output Status bit()
When CPOL = ¢:
1 = VIN+ > VIN-
0 = VIN+ < VIN-
When CPOL = 1:
1 = VIN+ < VIN-
0 = VIN+ > VIN-

Note 1: Reflects the value of the of the CEVT bit in the respective Op Amp/Comparator x Control register,
CMxCON<9>.

2: Reflects the value of the COUT bit in the respective Op Amp/Comparator x Control register, CMxCON<8>.
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FIGURE 33-20: SPI12 AND SPI3 SLAVE MODE (FULL-DUPLEX, CKE =1, CKP =1, SMP =0)
TIMING CHARACTERISTICS
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Note: Refer to Figure 33-1 for load conditions.
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FIGURE 33-22:

TIMING CHARACTERISTICS

SPI12 AND SPI3 SLAVE MODE (FULL-DUPLEX, CKE =0, CKP =0, SMP =0)
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Note: Refer to Figure 33-1 for load conditions.
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FIGURE 33-31: I2Cx BUS START/STOP BITS TIMING CHARACTERISTICS (MASTER MODE)
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Note: Refer to Figure 33-1 for load conditions.

FIGURE 33-32: I2Cx BUS DATA TIMING CHARACTERISTICS (MASTER MODE)
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Note: Refer to Figure 33-1 for load conditions.
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TABLE 33-59: ADCx CONVERSION (12-BIT MODE) TIMING REQUIREMENTS

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

Pilrsm Symbol Characteristic Min. | Typ.®) | Max. | Units Conditions
Clock Parameters
AD50 |TaD ADCx Clock Period 117.6 — — ns
AD51 [tRC ADCXx Internal RC Oscillator Period — 250 — ns
Conversion Rate
AD55 [tcoNv  [Conversion Time — 14 TAD ns
AD56 |FcNv  [Throughput Rate — — 500 ksps
AD57a |Tsamp |Sample Time When Sampling Any | 3 TAD — — —
ANX Input
AD57b [TsampP |Sample Time When Sampling the 3 TaD — — —
Op Amp Outputs
Timing Parameters
AD60 |tPcs Conversion Start from Sample 2 TaD — 3 TaD — Auto-convert trigger is
Trigger® not selected
AD61 |tPss Sample Start from Setting 2 TAD — 3 TAD —
Sample (SAMP) bit(D)
AD62 |tcss Conversion Completion to — 0.5TaD| — —
Sample Start (ASAM = 1))
AD63 |tbPu Time to Stabilize Analog Stage — — 20 us (Note 3)
from ADCx Off to ADCx On(!)
Note 1: Because the sample caps will eventually lose charge, clock rates below 10 kHz may affect linearity
performance, especially at elevated temperatures.

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.

3: The parameter, tbPU, is the time required for the ADCx module to stabilize at the appropriate level when the
module is turned on (ADON (AD1CON1<15>) = 1). During this time, the ADCx result is indeterminate.

4: These parameters are characterized, but not tested in manufacturing.
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34.2 AC Characteristics and Timing
Parameters

The information contained in this section defines
dsPIC33EPXXXGM3XX/6XX/7TXX AC characteristics
and timing parameters for high-temperature devices.
However, all AC timing specifications in this section are
the same as those in Section 33.2 “AC Characteristics
and Timing Parameters”, with the exception of the
parameters listed in this section.

Parameters in this section begin with an H, which denotes
High temperature. For example, Parameter OS53 in
Section 33.2 “AC Characteristics and Timing
Parameters” is the Industrial and Extended temperature
equivalent of HOS53.

TABLE 34-10: TEMPERATURE AND VOLTAGE SPECIFICATIONS — AC

AC CHARACTERISTICS

Standard Operating Conditions: 3.0V to 3.6V

(unless otherwise stated)

Operating temperature -40°C < TA< +150°C

Operating voltage VDD range as described in Table 34-1.

FIGURE 34-1:

LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS

VbD/2

RL

Pin T

Load Condition 1 — for all pins except OSC2

Load Condition 2 — for OSC2

L

Pin T CL
Vss
RL = 464Q
CL = 50 pF for all pins except OSC2

15 pF for OSC2 output

© 2013-2014 Microchip Technology Inc.

DS70000689D-page 503



dsSPIC33EPXXXGM3XX/6XX/TXX

35.1 Package Marking Information (Continued)

64-Lead TQFP (10x10x1 mm) Example
MICROCHIP MICROCHIP
XXXXXXXXXX dsPIC33EP
XXXXXXX XXX 512GM706
XXXXXXXXXX -I/PTe3)
O YYWWNNN o 1410017
100-Lead TQFP (12x12x1 mm) Example
MICROCHIP MICROCHIP
XXXXXXXXXXXX dsPIC33EP512
XXXXXXXXXXXX GM710-1/PTe3)
YYWWNNN 1410017
O O
100-Lead TQFP (14x14x1 mm) Example
MiCRoOCHIP MicRoCHIP
XXXXXXXXXXXX dsPIC33EP512
XXXXXXXXXXXX GM710-1/PFe3)
YYWWNNN 1410017
O O
121-Lead TFBGA (10x10x1.1 mm) Example
7R R\
) 9.9.9.9.9.9.9.9.¢.¢ 33EP512GM
) 9.9.9.9.9.9.9.9.¢.¢ 710-1/BG
YYWWNNN 1410017

DS70000689D-page 508 © 2013-2014 Microchip Technology Inc.



