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3.7 CPU Control Registers

REGISTER 3-1: SR: CPU STATUS REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/C-0 R/C-0 R-0 R/W-0
OA OB SAG sB® OAB SAB DA DC
bit 15 bit 8
R/W-0® R/W-0® R/W-0) R-0 R/W-0 R/W-0 R/W-0 R/W-0
IPL2( IPL1®) IPLO® RA N oV z C
bit 7 bit 0
Legend: C = Clearable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’= Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15 OA: Accumulator A Overflow Status bit

1 = Accumulator A has overflowed
0 = Accumulator A has not overflowed
bit 14 OB: Accumulator B Overflow Status bit
1 = Accumulator B has overflowed
0 = Accumulator B has not overflowed
bit 13 SA: Accumulator A Saturation ‘Sticky’ Status bit(®)
1 = Accumulator A is saturated or has been saturated at some time
0 = Accumulator A is not saturated
bit 12 SB: Accumulator B Saturation ‘Sticky’ Status bit(®)
1 = Accumulator B is saturated or has been saturated at some time
0 = Accumulator B is not saturated
bit 11 OAB: OA || OB Combined Accumulator Overflow Status bit
1 = Accumulator A or B has overflowed
0 = Neither Accumulator A or B has overflowed
bit 10 SAB: SA || SB Combined Accumulator ‘Sticky’ Status bit
1 = Accumulator A or B is saturated or has been saturated at some time
0 = Neither Accumulator A or B is saturated
bit 9 DA: DOLoop Active bit
1 = DOloop is in progress
0 = DOloop is not in progress
bit 8 DC: MCU ALU Half Carry/Borrow bit

1 = A carry-out from the 4th low-order bit (for byte-sized data) or 8th low-order bit (for word-sized data)

of the result occurred

0 = No carry-out from the 4th low-order bit (for byte-sized data) or 8th low-order bit (for word-sized

data) of the result occurred

Note 1: The IPL<2:0> bits are concatenated with the IPL<3> bit (CORCON<3>) to form the CPU Interrupt Priority
Level. The value in parentheses indicates the IPL, if IPL<3> = 1. User interrupts are disabled when

IPL<3> = 1.
2:  The IPL<2:0> Status bits are read-only when the NSTDIS bit INTCON1<15>) = 1.

3: A data write to the SR register can modify the SA and SB bits by either a data write to SA and SB or by
clearing the SAB bit. To avoid a possible SA or SB bit write race condition, the SA and SB bits should not

be modified using bit operations.
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TABLE 4-15: SFR BLOCK EOOh-FOOh

Register |Address ‘ All Resets Register | Address All Resets Register |Address All Resets
PORTA ANSELB E1E 0000001011101111 [|{CNPDD E3C 0000000000000000
TRISA E00 0000000000011111 [|PORTC ANSELD E3E 0110000110100000
PORTA E02 0000000000000000 || TRISC E20 0111011111111111 ||PORTE
LATA E04 0000000000000000 [|PORTC E22 0000000000000000 || TRISE E40 1111111111111111
ODCA E06 0000000000000000 ||LATC E24 0000000000000000 ||PORTE E42 0000000000000000
CNENA E08 0000000000000000 ||ODCC E26 0000000000000000 ||LATE E44 0000000000000000
CNPUA EOA 0000000000000000 [{CNENC E28 0000000000000000 ||ODCE E46 0000000000000000
CNPDA EOC 0000000000000000 [|{CNPUC E2A 0000000000000000 |[|CNENE E48 0000000000000000
ANSELA EOE 0000000000000111 [|{CNPDC E2C 0000000000000000 [|CNPUE E4A 0000000000000000
PORTB ANSELC E2E 0001011001110111 |[|CNPDE E4C 0000000000000000
TRISB E10 0111101111111111 |[|PORTD ANSELE E4E 1100000100000000
PORTB E12 0000000000000000 || TRISD E30 1111111111111111 |[CPU
LATB E14 0000000000000000 ||PORTD E32 0000000000000000 ||VISI | F88 | 0000000000000000
ODCB E16 0000000000000000 ||LATD E34 0000000000000000 ||JTAG
CNENB E18 0000000000000000 |{ODCD E36 0000000000000000 |{JDATAH FFO 0000000000000000
CNPUB E1A 0000000000000000 |[CNEND E38 0000000000000000 ||{JDATAL FF2 0000000000000000
CNPDB E1C 0000000000000000 ||CNPUD E3A 0000000000000000

Legend: x =unknown or indeterminate value. Address values are in hexadecimal. Reset values are in binary.
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TABLE 7-1: INTERRUPT VECTOR DETAILS

Interrupt Bit Location

Interrupt Source Ve;tor IF;Q IVT Address
Flag Enable Priority
Highest Natural Order Priority
INTO — External Interrupt 0 8 0 0x000014 IFS0<0> IEC0<0> IPC0<2:0>
INTOIF INTOIE INTOIP<2:0>
IC1 — Input Capture 1 9 1 0x000016 IFS0<1> IEC0<1> IPC0<6:4>
IC1IF IC1IE IC1IP<2:0>
OC1 - Output Compare 1 10 2 0x000018 IFS0<2> IEC0<2> IPC0<10:8>
OC1IF OC1IE OC11P<2:0>
T1 - Timer1 11 3 0x00001A IFS0<3> IEC0<3> IPC0<14:12>
T1IF T1IE T11P<2:0>
DMAO — DMA Channel 0 12 4 0x00001C IFS0<4> IEC0<4> IPC1<2:0>
DMAOIF DMAOIE DMAOIP<2:0>
IC2 — Input Capture 2 13 5 0x00001E IFS0<5> IEC0<5> IPC1<6:4>
IC2IF IC2IE IC2IP<2:0>
OC2 - Output Compare 2 14 6 0x000020 IFS0<6> IEC0<6> IPC1<10:8>
OC2IF OC2IE 0C2IP<2:0>
T2 — Timer2 15 7 0x000022 IFS0<7> IECO<7> IPC1<14:12>
T2IF T2IE T2IP<2:0>
T3 — Timer3 16 8 0x000024 IFS0<8> IEC0<8> IPC2<2:0>
T3IF T3IE T3IP<2:0>
SPIMTX — SPI1 Transfer Done 17 9 0x000026 IFS0<9> IEC0<9> IPC2<6:4>
SPIMTXIF | SPHMTXIE | SPITXIP<2:0>
SPI1RX — SPI1 Receive Done 18 10 0x000028 IFS0<10> | IEC0<10> IPC2<10:8>
SPIMRXIF | SPMRXIE | SPIM1RXIP<2:0>
U1RX — UART1 Receiver 19 11 0x00002A IFS0<11> | IECO<11> IPC2<14:12>
U1RXIF U1RXIE U1RXIP<2:0>
U1TX — UART1 Transmitter 20 12 0x00002C IFS0<12> | IECO0<12> IPC3<2:0>
U1TXIF U1TXIE U1TXIP<2:0>
ADC — ADC Global Convert Done 21 13 0x00002E IFS0<13> | IEC0<13> IPC3<6:4>
ADCIF ADCIE ADCIP<2:0>
DMA1 — DMA Channel 1 22 14 0x000030 IFS0<14> | IEC0<14> IPC3<10:8>
DMA1IF DMA1IE DMA11P<2:0>
NVM — NVM Write Complete 23 15 0x000032 IFS0<15> | IECO<15> IPC3<14:12>
NVMIF NVMIE NVMIP<2:0>
SI12C1 - 12C1 Slave Event 24 16 0x000034 IFS1<0> IEC1<0> IPC4<2:0>
SI2C1IF SI2C1IE SI12C1IP<2:0>
MI2C1 — 12C1 Master Event 25 17 0x000036 IFS1<1> IEC1<1> IPC4<6:4>
MI2C1IF MI2C1IE MI2C11P<2:0>
AC1 — Analog Comparator 1 Interrupt 26 18 0x000038 IFS1<2> IEC1<2> IPC4<10:8>
AC1IF AC1IE AC1IP<2:0>
CN — Input Change Interrupt 27 19 0x00003A IFS1<3> IEC1<3> IPC4<14:12>
CNIF CNIE CNIP<2:0>
INT1 — External Interrupt 1 28 20 0x00003C IFS1<4> IEC1<4> IPC5<2:0>
INT1IF INT1IE INT1IP<2:0>
Reserved 29-31 21-23 | 0x00003E-0x000043 — — —
DMA2 — DMA Channel 2 32 24 0x00044 IFS1<8> IEC1<8> IPC6<2:0>
DMA2IF DMAZ2IE DMA2IP<2:0>
OC3 — Output Compare 3 33 25 0x000046 IFS1<9> IEC1<9> IPC6<6:4>
OC3IF OC3IE OC3IP<2:0>
OC4 — Output Compare 4 34 26 0x000048 IFS1<10> | IEC1<10> IPC6<10:8>
OC4IF OC4IE 0OC41P<2:0>

DS70005258B-page 76
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REGISTER 7-5: INTCON3: INTERRUPT CONTROL REGISTER 3

uU-0 u-0 U-0 uU-0 uU-0 uU-0 U-0 R/W-0
— — — — — — — NAE
bit 15 bit 8
uU-0 u-0 U-0 R/W-0 u-0 U-0 uU-0 R/W-0
— — — DOOVR — — — APLL
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 15-9 Unimplemented: Read as ‘0’
bit 8 NAE: NVM Address Error Soft Trap Status bit

1 = NVM address error soft trap has occurred
0 = NVM address error soft trap has not occurred

bit 7-5 Unimplemented: Read as ‘0’
bit 4 DOOVR: DO Stack Overflow Soft Trap Status bit

1 = DOstack overflow soft trap has occurred
0 = DOstack overflow soft trap has not occurred

bit 3-1 Unimplemented: Read as ‘0’
bit 0 APLL: Auxiliary PLL Loss of Lock Soft Trap Status bit

1 = APLL lock soft trap has occurred
0 = APLL lock soft trap has not occurred

REGISTER 7-6: INTCON4: INTERRUPT CONTROL REGISTER 4

U-0 U-0 uU-0 U-0 U-0 U-0 u-0 U-0

bit 15 bit 8
U-0 U-0 U-0 U-0 U-0 uU-0 U-0 R/W-0
— — — — — — — SGHT

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 Unimplemented: Read as ‘0’

bit 0 SGHT: Software Generated Hard Trap Status bit

1 = Software generated hard trap has occurred
0 = Software generated hard trap has not occurred
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9.1 CPU Clocking System Instruction execution speed or device operating
frequency, Fcy, is given by Equation 9-1.
The dsPIC33EPXXXGS70X/80X family of devices
provides six system clock options: EQUATION 9-1: DEVICE OPERATING
» Fast RC (FRC) Oscillator FREQUENCY
* FRC Oscillator with Phase-Locked Loop Fcy = Fosc/2
(FRCPLL)
* FRC Oscillator with Postscaler Figure 9-2 is a block diagram of the PLL module.
* Primary (XT, HS or EC) Oscillator Equation 9-2 provides the relationship between Input
« Primary Oscillator with PLL (XTPLL, HSPLL, Frequency (FIN) and Output Frequency (FPLLO).
ECPLL) Equation 9-3 provides the relationship between Input

- Low-Power RC (LPRC) Oscillator Frequency (FIN) and VCO Frequency (FvCO).

FIGURE 9-2: PLL BLOCK DIAGRAM
0.8 MHz < FrLL® < 8.0 MHz FpLLo® <120 MHz @ +125°C
120 MHz < Fvco® < 340 MHz FrLLo® < 140 MHz @ +85°C
FIN FPLLI
IN gyl Nt vy > FVCO y Fosc
PFD » VCO » +N2 >»

! T

PLLPRE<4:0> PLLPOST<1:0>
+M <
PLLDIV<8:0>

Note 1: This frequency range must be met at all times.

EQUATION 9-2: FpLLo CALCULATION

= _F ( M ) -F ( PLLDIV<8:0> + 2 )
PLLO= FIN> Q1% a2/ = TN \(PLLPRE<4:0> + 2) x 2(PLLPOST<L.0> + 1)

Where:

N1 =PLLPRE<4:0> + 2

N2 = 2 x (PLLPOST<1:0> + 1)
M = PLLDIV<8:0> + 2

EQUATION 9-3: Fvco CALCULATION

B M\ PLLDIV<8:0> + 2
Fvco = FIN x (N_l> = FINx ((PLLPRE<4:O> + 2))

© 2016-2017 Microchip Technology Inc. DS70005258B-page 105
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9.5 Oscillator Control Registers

REGISTER 9-1: OSCCON: OSCILLATOR CONTROL REGISTER®

uU-0 R-0 R-0 R-0 u-0 R/W-y R/W-y R/W-y
— CcosCc2 CcOSsC1 COSCO — NOosc2@ | Nosc1@ | Nosco®
bit 15 bit 8
R/W-0 R/W-0 R-0 U-0 R/W-0 u-0 U-0 R/W-0
CLKLOCK IOLOCK LOCK — cF® — — OSWEN
bit 7 bit 0
Legend: y = Value set from Configuration bits on POR
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 Unimplemented: Read as ‘0’

bit 14-12 COSC<2:0>: Current Oscillator Selection bits (read-only)

111 = Fast RC Oscillator (FRC) with Divide-by-n
110 = Fast RC Oscillator (FRC) with Divide-by-16
101 = Low-Power RC Oscillator (LPRC)
100 = Reserved
011 = Primary Oscillator (XT, HS, EC) with PLL
010 = Primary Oscillator (XT, HS, EC)
001 = Fast RC Oscillator (FRC) with Divide-by-N and PLL (FRCPLL)
000 = Fast RC Oscillator (FRC)
bit 11 Unimplemented: Read as ‘0’
bit 10-8 NOSC<2:0>: New Oscillator Selection bits®
111 = Fast RC Oscillator (FRC) with Divide-by-n
110 = Fast RC Oscillator (FRC) with Divide-by-16
101 = Low-Power RC Oscillator (LPRC)
100 = Reserved
011 = Primary Oscillator (XT, HS, EC) with PLL
010 = Primary Oscillator (XT, HS, EC)
001 = Fast RC Oscillator (FRC) with Divide-by-N and PLL (FRCPLL)
000 = Fast RC Oscillator (FRC)
bit 7 CLKLOCK: Clock Lock Enable bit
1= If (FCKSMO = 1), then clock and PLL configurations are locked; if (FCKSMO = 0), then clock and
PLL configurations may be modified
0 = Clock and PLL selections are not locked, configurations may be modified
bit 6 IOLOCK: I/O Lock Enable bit
1 =1/0 lock is active
0 = 1/O lock is not active
bit 5 LOCK: PLL Lock Status bit (read-only)

1 = Indicates that PLL is in lock or PLL start-up timer is satisfied
0 = Indicates that PLL is out of lock, start-up timer is in progress or PLL is disabled

Note 1: Writes to this register require an unlock sequence.

2: Direct clock switches between any Primary Oscillator mode with PLL and FRCPLL mode are not
permitted. This applies to clock switches in either direction. In these instances, the application must switch
to FRC mode as a transitional clock source between the two PLL modes.

3: This bit should only be cleared in software. Setting the bit in software (= 1) will have the same effect as an
actual oscillator failure and will trigger an oscillator failure trap.
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REGISTER 9-2: CLKDIV: CLOCK DIVISOR REGISTER

R/W-0 R/W-0 R/W-1 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0
ROI poze2®) | poze1® | pozeo® | DOzENGS) | FRCDIV2 FRCDIV1 FRCDIVO
bit 15 bit 8
R/W-0 R/W-1 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PLLPOST1 | PLLPOSTO — PLLPRE4 PLLPRE3 PLLPRE2 PLLPRE1 PLLPREO
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 ROI: Recover on Interrupt bit

1 = Interrupts will clear the DOZEN bit and the processor clock, and the peripheral clock ratio is set to 1:1
0 = Interrupts have no effect on the DOZEN bit
bit 14-12 DOZE<2:0>: Processor Clock Reduction Select bits™)
111 = Fcy divided by 128
110 = Fcy divided by 64
101 = Fcy divided by 32
100 = Fcy divided by 16
011 = Fcy divided by 8 (default)
010 = Fcy divided by 4
001 = Fcy divided by 2
000 = Fcy divided by 1

bit 11 DOZEN: Doze Mode Enable bit(3)

1 = DOZE<2:0> field specifies the ratio between the peripheral clocks and the processor clocks
0 = Processor clock and peripheral clock ratio is forced to 1:1
bit 10-8 FRCDIV<2:0>: Internal Fast RC Oscillator Postscaler bits
111 = FRC divided by 256
110 = FRC divided by 64
101 = FRC divided by 32
100 = FRC divided by 16
011 = FRC divided by 8
010 = FRC divided by 4
001 = FRC divided by 2
000 = FRC divided by 1 (default)
bit 7-6 PLLPOST<1:0>: PLL VCO Output Divider Select bits (also denoted as ‘N2’, PLL postscaler)
11 = Output divided by 8
10 = Reserved
01 = Output divided by 4 (default)
00 = Output divided by 2

bit 5 Unimplemented: Read as ‘0’

Note 1: The DOZE<2:0> bits can only be written to when the DOZEN bit is clear. If DOZEN =1, any writes to
DOZE<2:0> are ignored.
2. This bit is cleared when the ROI bit is set and an interrupt occurs.
3:  The DOZEN bit cannot be set if DOZE<2:0> = 000. If DOZE<2:0> = 000, any attempt by user software to
set the DOZEN bit is ignored.
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11.5 1/O Port Control Registers

REGISTER 11-1:  TRISx: PORTx DATA DIRECTION CONTROL REGISTER®

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
TRISx<15:8>
bit 15 bit 8
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
TRISx<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 TRISx<15:0>: PORTx Data Direction Control bits

1 = The pin is an input
0 = The pin is an output

Note 1: See Table 11-1, Table 11-2, Table 11-3, Table 11-4 and Table 11-5 for individual bit availability in this register.

REGISTER 11-2: PORTx: I/0 PORTx 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
PORTx<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
PORTx<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 PORTx<15:0>: /0 PORTX bits

1 = The pin data is ‘1’
0 = The pin data is ‘0’

Note 1: See Table 11-1, Table 11-2, Table 11-3, Table 11-4 and Table 11-5 for individual bit availability in this register.
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REGISTER 11-19: RPINR19: PERIPHERAL PIN SELECT INPUT REGISTER 19

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
U2CTSR7 U2CTSR6 U2CTSR5 | U2CTSR4 | U2CTSR3 U2CTSR2 U2CTSR1 U2CTSRO
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
U2RXR7 U2RXR6 U2RXR5 U2RXR4 U2RXR3 U2RXR2 U2RXR1 U2RXR0O
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 U2CTSR<7:0>: Assign UART2 Clear-to-Send (U2CTS) to the Corresponding RPn Pin bits
See Table 11-11 which contains a list of remappable inputs for the index value.

bit 7-0 U2RXR<7:0>: Assign UART2 Receive (U2RX) to the Corresponding RPn Pin bits

See Table 11-11 which contains a list of remappable inputs for the index value.

REGISTER 11-20: RPINR20: PERIPHERAL PIN SELECT INPUT REGISTER 20

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SCK1INR7 SCK1INR6 | SCK1INR5 | SCK1INR4 | SCK1INR3 | SCK1INR2 | SCK1INR1 | SCK1INRO
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
SDIMR7 SDI1R6 SDI1R5 SDI1R4 SDI1R3 SDI1R2 SDI1R1 SDI1R0O
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 15-8 SCK1INR<7:0>: Assign SPI1 Clock Input (SCK1) to the Corresponding RPn Pin bits
See Table 11-11 which contains a list of remappable inputs for the index value.
bit 7-0 SDI1R<7:0>: Assign SPI1 Data Input (SDI1) to the Corresponding RPn Pin bits

See Table 11-11 which contains a list of remappable inputs for the index value.
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12.0 TIMER1

Note 1: This data sheet summarizes the
features of the dsPIC33EPXXXGS70X/
80X family of devices. It is not intended to
be a comprehensive reference source. To
complement the information in this data
sheet, refer to “Timers” (DS70362) 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 Timer1 module is a 16-bit timer that can operate as
a free-running interval timer/counter.

The Timer1 module has the following unique features
over other timers:

The Timer1 module can operate in one of the following
modes:

» Timer mode

* Gated Timer mode

» Synchronous Counter mode
» Asynchronous Counter mode

In Timer and Gated Timer modes, the input clock is
derived from the internal instruction cycle clock (Fcy).
In Synchronous and Asynchronous Counter modes,
the input clock is derived from the external clock input
at the T1CK pin.

The Timer modes are determined by the following bits:

» Timer1 Clock Source Select bit (TCS): TICON<1>

» Timer1 External Clock Input Synchronization Select
bit (TSYNC): T1ICON<2>

» Timer1 Gated Time Accumulation Enable bit
(TGATE): T1ICON<6>

Timer control bit settings for different operating modes
are provided in Table 12-1.

» Can be Operated in Asynchronous Counter mode TABLE 12-1: TIMERI1 MODE SETTINGS
from an External Clock Source Mode TCS TGATE TSYNC
» The External Clock Input (T1CK) can Optionally be Timer 0 0
Synchronized to the Internal Device Clock and the -
Clock Synchronization is Performed after the Gated Timer 0 1
prescaler Synchronous 1 X
A block diagram of Timer1 is shown in Figure 12-1. Counter
Asynchronous 1 X 0
Counter
FIGURE 12-1: 16-BIT TIMER1 MODULE BLOCK DIAGRAM
.| Gate Falling Edge -
Sync Detect Set T1IF Flag
g ™~
Fp®) Prescaler Vj—b 10 T1CLK
(fn) TGATE
ﬁ Reset Data
00 TMR1 < Latch —
TCKPS<1:0>
» 0 A CLK ‘ADC Trigger
T1CK x1
Equal
> Pre-(jﬁ;iler » Sync > 1 Comparator
ﬁ TGATE ﬁ
TSYNC Tcs
TCKPS<1:0> PRA
Note 1: Fpis the peripheral clock.
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12.2 Timerl Control Register
REGISTER 12-1: T1CON: TIMER1 CONTROL REGISTER

R/W-0 U-0 R/W-0 uU-0 uU-0 uU-0 U-0 U-0
TON® — TSIDL — — — — —
bit 15 bit 8
U-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0 U-0
— TGATE TCKPS1 TCKPS0 — TSYNC® Tcs® —
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 TON: Timer1 On bit™®

1 = Starts 16-bit Timer1
0 = Stops 16-bit Timer1
bit 14 Unimplemented: Read as ‘0’
bit 13 TSIDL: Timer1 Stop in Idle Mode bit

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

bit 12-7 Unimplemented: Read as ‘0’

bit 6 TGATE: Timer1 Gated Time Accumulation Enable bit
When TCS =1:
This bit is ignored.
When TCS =0:

1 = Gated time accumulation is enabled
0 = Gated time accumulation is disabled
bit 5-4 TCKPS<1:0>: Timer1 Input Clock Prescale Select bits
11 =1:256
10 = 1:64
01=1:8
00=1:1
bit 3 Unimplemented: Read as ‘0’
bit 2 TSYNC: Timer1 External Clock Input Synchronization Select bit()
When TCS =1:
1 = Synchronizes external clock input
0 = Does not synchronize external clock input
When TCS =0:
This bit is ignored.
bit 1 TCS: Timer1 Clock Source Select bit(%)
1 = External clock is from pin, T1CK (on the rising edge)
0 = Internal clock (FP)

bit 0 Unimplemented: Read as ‘0’

Note 1: When Timer1 is enabled in External Synchronous Counter mode (TCS = 1, TSYNC = 1, TON = 1), any
attempts by user software to write to the TMR1 register are ignored.
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To set up the SPIx module for Audio mode: 3. Write the desired settings to the SPIXCON1L,

1. Clear the SPIXBUFL and SPIXBUFH registers. SPIXCONTH ‘and SPIXCON2L registers with
- AUDEN (SPIXCONTH<15>) = 1.
2. If using interrupts:

. . , 4. Clear the SPIROV bit (SPIXSTATL<6>).
a) Clear the interrupt flag bits in the respective i . )
IFSx register. 5. Enable SPIx operation by setting the SPIEN bit

b) Set the interrupt enable bits in the (S?|XCON1L<15>)' )
respective IECx register. 6. Write the data to be transmitted to the SPIXBUFL

. I . and SPIXBUFH registers. Transmission (and
a) erlte the SPIxIP b.lts in the respe ctive IPCx reception) will start as soon as data is written to
register to set the interrupt priority. the SPIXBUFL and SPIXBUFH registers.

REGISTER 18-1: SPIXCONI1L: SPIx CONTROL REGISTER 1 LOW

R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SPIEN — SPISIDL DISSDO | MODE32(4 | MODE16(:4) SMP CKE®D
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
SSEN® CKP MSTEN DISSDI DISSCK | MCLKEN®) SPIFE ENHBUF
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 SPIEN: SPIx On bit

1 = Enables module
0 = Turns off and resets module, disables clocks, disables interrupt event generation, allows SFR
modifications
bit 14 Unimplemented: Read as ‘0’
bit 13 SPISIDL: SPIx Stop in Idle Mode bit
1 = Halts in CPU Idle mode
0 = Continues to operate in CPU Idle mode
bit 12 DISSDO: Disable SDOx Output Port bit
1 = SDOx pin is not used by the module; pin is controlled by port function
0 = SDOx pin is controlled by the module
bit 11-10 MODE32 and MODE16: Serial Word Length Select bits(*)

MODE32 | MODE16 | AUDEN Communication
1 32-Bit
0 16-Bit
8-Bit
24-Bit Data, 32-Bit FIFO, 32-Bit Channel/64-Bit Frame
32-Bit Data, 32-Bit FIFO, 32-Bit Channel/64-Bit Frame
16-Bit Data, 16-Bit FIFO, 32-Bit Channel/64-Bit Frame
16-Bit FIFO, 16-Bit Channel/32-Bit Frame

oO|O|Fr|(R,|O|OC
O|FR|O(FRP|[O|F|X

Note 1: When AUDEN (SPIXCON1H<15>) = 1, this module functions as if CKE = 0, regardless of its actual value.
2:  When FRMEN =1, SSEN is not used.
3:  MCLKEN can only be written when the SPIEN bit = 0.
4: This channel is not meaningful for DSP/PCM mode as LRC follows FRMSYPW.
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REGISTER 23-6:

CXINTF: CANx INTERRUPT FLAG REGISTER

U-0 U-0 R-0 R-0 R-0 R-0 R-0 R-0
— — | TmxBO TXBP | RXBP | TXWAR RXWAR EWARN
bit 15 bit 8
R/C-0 R/C-0 R/C-0 u-0 R/C-0 R/C-0 R/C-0 R/C-0
IVRIF WAKIF ERRIF = FIFOIF RBOVIF RBIF TBIF
bit 7 bit 0
Legend: C = Writable bit, but only ‘0’ can be Written to Clear bit

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared x = Bit is unknown

bit 15-14
bit 13

bit 12

bit 11

bit 10

bit 9

bit 8

bit 7

bit 6

bit 5

bit 4
bit 3

bit 2

Unimplemented: Read as ‘0’
TXBO: Transmitter in Error State Bus Off bit

1 = Transmitter is in Bus Off state
0 = Transmitter is not in Bus Off state

TXBP: Transmitter in Error State Bus Passive bit

1 = Transmitter is in Bus Passive state
0 = Transmitter is not in Bus Passive state

RXBP: Receiver in Error State Bus Passive bit

1 = Receiver is in Bus Passive state
0 = Receiver is not in Bus Passive state

TXWAR: Transmitter in Error State Warning bit

1 = Transmitter is in Error Warning state
0 = Transmitter is not in Error Warning state

RXWAR: Receiver in Error State Warning bit

1 = Receiver is in Error Warning state
0 = Receiver is not in Error Warning state

EWARN: Transmitter or Receiver in Error State Warning bit

1 = Transmitter or receiver is in Error Warning state
0 = Transmitter or receiver is not in Error Warning state

IVRIF: Invalid Message Interrupt Flag bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

WAKIF: Bus Wake-up Activity Interrupt Flag bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

ERRIF: Error Interrupt Flag bit (multiple sources in CxINTF<13:8> register)

1 = Interrupt request has occurred
0 = Interrupt request has not occurred

Unimplemented: Read as ‘0’

FIFOIF: FIFO Almost Full Interrupt Flag bit

1 = Interrupt request has occurred

0 = Interrupt request has not occurred
RBOVIF: RX Buffer Overflow Interrupt Flag bit
1 = Interrupt request has occurred

0 = Interrupt request has not occurred

DS70005258B-page 314
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REGISTER 23-13: CxBUFPNT2: CANx FILTERS 4-7 BUFFER POINTER 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
F7BP3 F7BP2 F7BP1 F7BPO F6BP3 F6BP2 F6BP1 F6BPO
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
F5BP3 F5BP2 F5BP1 F5BPO F4BP3 F4BP2 F4BP1 F4BPO
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 F7BP<3:0>: RX Buffer Mask for Filter 7 bits

1111 = Filter hits received in RX FIFO buffer

1110 = Filter hits received in RX Buffer 14

0001 = Filter hits received in RX Buffer 1

0000 = Filter hits received in RX Buffer 0
bit 11-8 F6BP<3:0>: RX Buffer Mask for Filter 6 bits (same values as bits 15-12)
bit 7-4 F5BP<3:0>: RX Buffer Mask for Filter 5 bits (same values as bits 15-12)
bit 3-0 FABP<3:0>: RX Buffer Mask for Filter 4 bits (same values as bits 15-12)

REGISTER 23-14: CxBUFPNT3: CANx FILTERS 8-11 BUFFER POINTER REGISTER 3

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
F11BP3 F11BP2 F11BP1 F11BPO F10BP3 F10BP2 F10BP1 F10BPO
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
FOBP3 FoBP2 FOBP1 FOBPO F8BP3 F8BP2 F8BP1 F8BPO
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 F11BP<3:0>: RX Buffer Mask for Filter 11 bits

1111 = Filter hits received in RX FIFO buffer

1110 = Filter hits received in RX Buffer 14

0001 = Filter hits received in RX Buffer 1

0000 = Filter hits received in RX Buffer 0
bit 11-8 F10BP<3:0>: RX Buffer Mask for Filter 10 bits (same values as bits 15-12)
bit 7-4 FI9BP<3:0>: RX Buffer Mask for Filter 9 bits (same values as bits 15-12)
bit 3-0 F8BP<3:0>: RX Buffer Mask for Filter 8 bits (same values as bits 15-12)
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TABLE 27-2: CONFIGURATION BITS DESCRIPTION (CONTINUED)

Bit Field

Description

FNOSC<2:0>

Oscillator Selection bits

111 = Fast RC Oscillator with Divide-by-N (FRCDIVN)

110 = Fast RC Oscillator with Divide-by-16

101 = Low-Power RC Oscillator (LPRC)

100 = Reserved; do not use

011 = Primary Oscillator with PLL module (XT+PLL, HS+PLL, EC+PLL)
010 = Primary Oscillator (XT, HS, EC)

001 = Fast RC Oscillator with Divide-by-N with PLL module (FRCPLL)
000 = Fast RC Oscillator (FRC)

FCKSM<1:0>

Clock Switching Mode bits

1x = Clock switching is disabled, Fail-Safe Clock Monitor is disabled
01 = Clock switching is enabled, Fail-Safe Clock Monitor is disabled
00 = Clock switching is enabled, Fail-Safe Clock Monitor is enabled

IOL1WAY

Peripheral Pin Select Configuration bit

1 = Allows only one reconfiguration
0 = Allows multiple reconfigurations

OSCIOFNC

OSC2 Pin Function bit (except in XT and HS modes)

1 = OSC2 is the clock output
0 = OSC2 is a general purpose digital I/O pin

POSCMD<1:0>

Primary Oscillator Mode Select bits
11 = Primary Oscillator is disabled
10 = HS Crystal Oscillator mode
01 = XT Crystal Oscillator mode
00 = EC (External Clock) mode

WDTEN<1:0> Watchdog Timer Enable bits
11 = Watchdog Timer is always enabled (LPRC oscillator cannot be disabled; clearing the
SWDTEN bit in the RCON register will have no effect)
10 = Watchdog Timer is enabled/disabled by user software (LPRC can be disabled by
clearing the SWDTEN bit in the RCON register)
01 = Watchdog Timer is enabled only while device is active and is disabled while in Sleep
mode; software control is disabled in this mode
00 = Watchdog Timer and SWDTEN bit are disabled
WINDIS Watchdog Timer Window Enable bit
1 = Watchdog Timer is in Non-Window mode
0 = Watchdog Timer is in Window mode
PLLKEN PLL Lock Enable bit
1 = PLL lock is enabled
0 = PLL lock is disabled
WDTPRE Watchdog Timer Prescaler bit
1=1:128
0=1:32
WDTPOST<3:0> Watchdog Timer Postscaler bits

1111 =1:32,768
1110 =1:16,384

0001 =1:2
0000 =1:1

Note 1: The Boot Segment must be present to use the Alternate Interrupt Vector Table.
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TABLE 28-2: INSTRUCTION SET OVERVIEW (CONTINUED)

st | pesently ssembly sytax woots | ot | e Tage
9 BSW BSWC W, Wb Write C bit to Ws<Wb> 1 1 None
BSW zZ V6, Write Z bit to Ws<Wb> 1 1 None
10 BTG BTG f,#bit4 Bit Toggle f 1 1 None
BTG W, #bit 4 Bit Toggle Ws 1 1 None
1 BTSC BTSC f,#bit4 Bit Test f, Skip if Clear 1 1 None
(20r3)
BTSC Vi, #bit4 Bit Test Ws, Skip if Clear 1 1 None
(20r3)
12 BTSS BTSS f,#bit4 Bit Test f, Skip if Set 1 1 None
(20r3)
BTSS W, #bit4 Bit Test Ws, Skip if Set 1 1 None
(20r3)
13 BTST BTST f,#bit4 Bit Test f 1 1 4
BTST. C W, #bit 4 Bit Test Ws to C 1 1 C
BTST. Z W, #bit 4 Bit Test Ws to Z 1 1 z
BTST.C W, W Bit Test Ws<Wb>to C 1 1 C
BTST.Z W, W Bit Test Ws<Wb>to Z 1 1 z
14 BTSTS BTSTS f,#bit4 Bit Test then Set f 1 1 z
BTSTS.C W, #bit4 Bit Test Ws to C, then Set 1 1 C
BTSTS. Z W, #bit4 Bit Test Ws to Z, then Set 1 1 zZ
15 CALL CALL lit23 Call subroutine 2 4 SFA
CALL Wh Call indirect subroutine 1 4 SFA
CALL. L Wh Call indirect subroutine (long address) 1 4 SFA
16 CLR CLR f f = 0x0000 1 1 None
CLR WREG WREG = 0x0000 1 1 None
CLR '3 Ws = 0x0000 1 1 None
CLR Acc, W, Wd, W, Wd, AVB Clear Accumulator 1 1 OA,0B,SA,SB
17 CLRWDT CLRWDT Clear Watchdog Timer 1 1 WDTO,Sleep
18 | com com f f=f 1 1 N,Z
com f, WREG WREG = f 1 1 N,Z
com vé, Wi Wd = Ws 1 1 N,Z
19 cpP CcP f Compare f with WREG 1 1 C,DC,N,0V,Z
CcP W, #1it8 Compare Wb with [it8 1 1 C,DC,N,0V,Z
CcP W, V& Compare Wb with Ws (Wb — Ws) 1 1 C,DC,N,0V,Z
20 CPO CPO f Compare f with 0x0000 1 1 C,DC,N,0V,Z
CPO ' Compare Ws with 0x0000 1 1 C,DC,N,0V,Z
21 CPB CPB f Compare f with WREG, with Borrow 1 1 C,DC,N,0V,Z
CPB W, #1it8 Compare Wb with lit8, with Borrow 1 1 C,DC,N,0V,Z
CPB Wb, V& Compare Wb with Ws, with Borrow 1 1 C,DC,N,0V,Z
(Wb —-Ws-C)
22 CPSEQ CPSEQ W, Wh Compare Wb with Wn, skip if = 1 1 None
(20r3)
CPBEQ CPBEQ Wb, Wh, Expr Compare Wb with Wn, branch if = 1 1(5) None
23 CPSGT CPSGT Wb, Wh Compare Wb with Wn, skip if > 1 1 None
(20r3)
CPBGT CPBGT Wb, Wh, Expr Compare Wb with Wn, branch if > 1 1(5) None
24 CPSLT CPSLT Wb, Wh Compare Wb with Whn, skip if < 1 1 None
(20r3)
CPBLT CPBLT Wb, Wh, Expr Compare Wb with Wn, branch if < 1 1(5) None
25 CPSNE CPSNE Wb, Wh Compare Wb with Wn, skip if = 1 1 None
(20r3)
CPBNE CPBNE Wb, Wh, Expr Compare Wb with Wn, branch if = 1 1(5) None

Note 1: Read and Read-Modify-Write (e.g., bit operations and logical operations) on non-CPU SFRs incur an additional instruction cycle.
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TABLE 28-2: INSTRUCTION SET OVERVIEW (CONTINUED)

Base
Assembly - # of # of Status Flags
In;tr Mnemonic Assembly Syntax Description Words Cycles(l) Affected
48 MoV MoV f, W Move fto Wn 1 1 None
MoV f Move f to f 1 1 None
MoV f, W\REG Move f to WREG 1 1 None
MoV #lit16, Wh Move 16-bit literal to Wn 1 1 None
MOV. b #it8, W Move 8-bit literal to Wn 1 1 None
MoV wh, f Move Wn to f 1 1 None
MoV Wo, Wio Move Ws to Wd 1 1 None
MoV WREG f Move WREG to f 1 1 None
MOV. D Wis, Wi Move Double from W(ns):W(ns + 1) to 1 2 None
Wd
MOV. D W, Whd Move Double from Ws to 1 2 None
W(nd + 1):W(nd)
49 MOVPAG MOVPAG  #l it 10, DSRPAG Move 10-bit literal to DSRPAG 1 1 None
MOVPAG  #lit8, TBLPAG Move 8-bit literal to TBLPAG 1 1 None
MOVPAGN W, DSRPAG Move Ws<9:0> to DSRPAG 1 1 None
MOVPAGN W, TBLPAG Move Ws<7:0> to TBLPAG 1 1 None
50 MOVSAC MOVSAC  Acc, W, Wd, W, Wd, AVB Prefetch and store accumulator 1 1 None
51 MPY MPY Wit WA, Acc, Wk, Wkd, W, Wd Multiply Wm by Wn to Accumulator 1 1 OA,0B,OAB,
SA,SB,SAB
MPY Wit Wn Acc, W, Wd, W, Wd Square Wm to Accumulator 1 1 OA,0B,0AB,
SA,SB,SAB
52 MPY. N MPY. N Wit Wh, Acc, Wk, Wd, W, Wd -(Multiply Wm by Wn) to Accumulator 1 1 None
53 MSC MSC Wit Wn Acc, W, Wd, W, Wd, AVB | Multiply and Subtract from Accumulator 1 1 OA,0B,0AB,
SA,SB,SAB
54 MUL MJL.SS Wb, W, Wid {Wnd + 1, Wnd} = signed(Wb) * 1 1 None
signed(Ws)
MJL.SS Wb, W, Acc Accumulator = signed(Wb) * signed(Ws) 1 1 None
MJL. SU Wb, W, Wid {Wnd + 1, Wnd} = signed(Wb) * 1 1 None
unsigned(Ws)
MUL.SU Wb, W, Acc Accumulator = signed(Wb) * 1 1 None
unsigned(Ws)
MUL.SU Wb, #lit5, Acc Accumulator = signed(Wb) * 1 1 None
unsigned(lit5)
MJL.US Wb, W, Wid {Wnd + 1, Wnd} = unsigned(Wb) * 1 1 None
signed(Ws)
MJL.US Wb, W, Acc Accumulator = unsigned(Wb) * 1 1 None
signed(Ws)
MIL. WU Wb, W, Wid {Wnd + 1, Wnd} = unsigned(Wb) * 1 1 None
unsigned(Ws)
MUL. WU Wb, #lit5, Acc Accumulator = unsigned(Wb) * 1 1 None
unsigned(lit5)
MIL. WU Wb, W, Acc Accumulator = unsigned(Wb) * 1 1 None
unsigned(Ws)
MULW SS Wb, W, Whd Wnd = signed(Wb) * signed(Ws) 1 1 None
MULW SU Wb, W, Whd Wnd = signed(Wb) * unsigned(Ws) 1 1 None
MULWUS Wb, W, Whd Wnd = unsigned(Wb) * signed(Ws) 1 1 None
MULW WU Wb, W, Whd Wnd = unsigned(Wb) * unsigned(Ws) 1 1 None
MJL.SU Wb, #lit5, Wwd {Wnd + 1, Wnd} = signed(Wb) * 1 1 None
unsigned(lit5)
MJL.SU Wb, #lit5, Wwd Wnd = signed(Wb) * unsigned(it5) 1 1 None
MIL. WU Wb, #lit5, Wwd {Wnd + 1, Wnd} = unsigned(Wb) * 1 1 None
unsigned(lit5)
MIL. WU Wb, #lit5, Wwd Wnd = unsigned(Wb) * unsigned(lit5) 1 1 None
MJL f W3:W2 =f* WREG 1 1 None

Note 1: Read and Read-Modify-Write (e.g., bit operations and logical operations) on non-CPU SFRs incur an additional instruction cycle.
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FIGURE 30-16:  SPI1, SPI2 AND SPI3 SLAVE MODE (FULL-DUPLEX, CKE =1, CKP = 1, SMP = 0)
TIMING CHARACTERISTICS(12)

T\ Speo
SSx . :

(CKP=0)

> e > '@

S T, sP72  sP73

SDOx ———————{C ' MSb :z; Bit14--2 .1 X LSb
o . ) .

SDIx

" SP41 '

SP40

Note 1: Pertaining to SPI13: dsPIC33EPXXXGS702, dsPIC33EPXXXGSX04 and dsPIC33EPXXXGSX05 devices with
a remappable SCK3 pin.
2: Refer to Figure 30-1 for load conditions.
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32.0 PACKAGING INFORMATION

32.1 Package Marking Information

28-Lead SOIC (7.50 mm) Example
XXXXXXKXKXKXKXXXXXXX dsPIC33EP128GS702
) 9,.0.9.0.9.0.9.0.9.0.9.0.9.0.9 0.0, ¢
) 9,.0.9.0.9.0.9.0.9.0.9.0.9.0.9 0.0, ¢
YYWWNNN 1610017
@) ﬁ\ @) Q
28-Lead UQFN (6x6x0.55 mm) Example
XXXXXXXX 33EP128
XXXXXXXX GS702
YYWWNNN 1610017
28-Lead QFN-S (6x6x0.9 mm) Example
XXXXXXXX 33EP128
XXXXXXXX GS702
YYWWNNN 1610017
44-Lead TQFP (10x10x1 mm) Example
MicrocHIP MicrocHIP
XXXXXXXXXX dsPIC33EP
XXXXXXXXXX 64GS804
XXXXXXXXXX
O YYWWNNN O 1610017
Legend: XX...X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)

NNN  Alphanumeric traceability code

ww Week code (week of January 1 is week ‘01’)

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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