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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

40 MIPs

12C, IrDA, LINbus, SPI, UART/USART
Brown-out Detect/Reset, DMA, Motor Control PWM, POR, PWM, QEI, WDT
21

32KB (32K x 8)

FLASH

4K x 8

3V ~ 3.6V

A/D 6x10b/12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

28-VQFN Exposed Pad

28-QFN-S (6x6)
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NOTES:
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dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04

3.8.3.2 Data Space Write Saturation

In addition to adder/subtracter saturation, writes to data
space can also be saturated, but without affecting the
contents of the source accumulator. The data space
write saturation logic block accepts a 16-bit, 1.15
fractional value from the round logic block as its input,
together with overflow status from the original source
(accumulator) and the 16-bit round adder. These inputs
are combined and used to select the appropriate 1.15
fractional value as output to write to data space
memory.

If the SATDW bit in the CORCON register is set, data
(after rounding or truncation) is tested for overflow and
adjusted accordingly:

» Forinput data greater than 0x007FFF, data
written to memory is forced to the maximum
positive 1.15 value, Ox7FFF.

« Forinput data less than OxFF8000, data written to
memory is forced to the maximum negative 1.15
value, 0x8000.

The Most Significant bit of the source (bit 39) is used to
determine the sign of the operand being tested.

If the SATDW bit in the CORCON register is not set, the
input data is always passed through unmodified under
all conditions.

3.84 BARREL SHIFTER

The barrel shifter can perform up to 16-bit arithmetic or
logic right shifts, or up to 16-bit left shifts in a single
cycle. The source can be either of the two DSP
accumulators or the X bus (to support multi-bit shifts of
register or memory data).

The shifter requires a signed binary value to determine
both the magnitude (number of bits) and direction of the
shift operation. A positive value shifts the operand right.
A negative value shifts the operand left. A value of ‘0’
does not modify the operand.

The barrel shifter is 40 bits wide, thereby obtaining a
40-bit result for DSP shift operations and a 16-bit result
for MCU shift operations. Data from the X bus is
presented to the barrel shifter between bit positions 16
and 31 for right shifts, and between bit positions 0 and
16 for left shifts.
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TABLE 4-4: INTERRUPT CONTROLLER REGISTER MAP

SFR . . . . . . . . . . . . . . . . All

Name | Addr| Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit10 | Bit9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | pocets
INTCON1| 0080 | NSTDIS | OVAERR |OVBERR|COVAERR|COVBERR| OVATE | OVBTE | COVTE |SFTACERR|DIVOERR |DMACERR | MATHERR |ADDRERR | STKERR |OSCFAIL| — 0000
INTCON2| 0082 | ALTIVT DISI = = = = = = = = = = = INT2EP | INT1EP | INTOEP | 0000
IFSO 0084 = DMA1IF | AD1IF | U1TXIF | UMRXIF | SPMIF | SPMEIF | T3IF T2IF OC2IF IC2IF DMAOIF T1IF OC1IF IC1IF | INTOIF | 0000
IFS1 0086 | U2TXIF | U2RXIF | INT2IF T5IF T4IF OC4IF | OC3IF | DMA2IF | IC8IF IC7IF = INT1IF CNIF CMIF | MI2C1IF | SI2C1IF | 0000
IFS2 0088 = DMA4IF | PMPIF = = = = = = = = DMA3IF | C1IFM |[Cc1RXIF(| SPI2IF | SPI2EIF| 0000
IFS3 008A | FLTA1IF RTCIF | DMASIF = = QENMIF |[PWM1IF| — = = = = = = = = 0000
IFS4 008C |DACILIF®@|DACIRIF® | — — QEI2IF |FLTA2IF |PWM2IF| — — C1TXIF" | DMA7IF | DMA6IF | CRCIF U2EIF | UIEIF — 0000
IECO 0094 = DMA1IE | AD1IE | U1TXIE | UMRXIE | SPMIE |SPMEIE | T3IE T2IE OC2IE IC2IE DMAOIE T1IE OC1IE | IC1E | INTOIE | 0000
IEC1 0096 | U2TXIE | U2RXIE | INT2IE T5IE T4IE OC4IE | OC3IE |DMAZ2IE | IC8IE IC7IE = INT1IE CNIE CMIE | MI2C1IE |SI2C1IE| 0000
IEC2 0098 = DMA4IE | PMPIE = = = = = = = = DMA3IE | C1IE" |C1RXIEM| SPI2IE |SPI2EIE| 0000
IEC3 009A | FLTA1IE RTCIE | DMASIE = = QENMIE [PWM1IE| — = = = = = = = = 0000
IEC4 009C [DACILIE®|DACIRIE® | — — QEI2IE |FLTA2IE [PWM2IE| — — C1TXIE(")| DMA7IE | DMAGIE | CRCIE U2EIE | UMEIE — 0000
IPCO 00A4 = T1IP<2:0> = OC1IP<2:0> = IC1IP<2:0> = INTOIP<2:0> 44414
IPC1 00A6 = T2IP<2:0> = OC2IP<2:0> = IC21P<2:0> = DMAOIP<2:0> 44414
IPC2 00A8 = U1RXIP<2:0> = SPI1IP<2:0> = SPI1EIP<2:0> = T3IP<2:0> 44414
IPC3 00AA = = | = | = = DMA1IP<2:0> = AD1IP<2:0> = U1TXIP<2:0> 0444
IPC4 00AC = CNIP<2:0> = CMIP<2:0> = MI2C1IP<2:0> = SI2C11IP<2:0> 44414
IPC5 00AE = IC8IP<2:0> = IC7IP<2:0> = = = = = INT11P<2:0> 4404
IPC6 00BO = T4IP<2:0> = OC4IP<2:0> = OC3IP<2:0> = DMA2IP<2:0> 44414
IPC7 00B2 = U2TXIP<2:0> = U2RXIP<2:0> = INT2IP<2:0> = T5IP<2:0> 44414
IPC8 00B4 = C11P<2:0>(1 = C1RXIP<2:0>(1 = SPI2IP<2:0> = SPI2EIP<2:0> 44414
IPC9 00B6 _ —_ _ _ _ — [ =1 = _ _ —_ _ _ DMA3IP<2:0> 0004
IPC11 00BA = = = = = DMA4IP<2:0> = PMPIP<2:0> = = = = 0440
IPC14 00C0 = = = = = QEIIP<2:0> = PWM1IP<2:0> = = = = 0440
IPC15 00C2 = FLTA1IP<2:0> = RTCIP<2:0> = DMA5IP<2:0> = = = = 4440
IPC16 00C4 = CRCIP<2:0> = U2EIP<2:0> = U1EIP<2:0> = = = = 4440
IPC17 00C6 = = | = | = = C1TXIP<2:0>(" = DMA7IP<2:0> = DMAG6IP<2:0> 0444
IPC18 00C8 = QEI2IP<2:0> = FLTA2IP<2:0> = PWM2IP<2:0> = = = = 4440
IPC19 00CA = DAC1LIP<2:0>(? = DAC1RIP<2:0>?) = = = = = = = = 4400
INTTREG | 00EO _ — T =1 = ILR<3:0> _ VECNUM<6:0> 4444
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: Interrupts are disabled on devices without the ECAN™ modules.

2:  Interrupts are disabled on devices without a DAC module.

Y0X/Z0XIINSZLr4AEEDIdSP ANV YOX/ZCOXOWYIr4EEDIdSP ‘V0E/COEIINZErAEEDIASP



¥ obed-91620.90

"ou| ABojouyoa | diyoosolN 2102-200Z @

TABLE 4-21: ECAN1 REGISTER MAP WHEN C1CTRL1.WIN =0 OR 1 (FOR dsPIC33FJ128MC802/804 AND dsPIC33FJ64MC802/804)

File Name Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 R:;I(Iats
C1CTRL1 0400 — — CSIDL ABAT — REQOP<2:0> OPMODE<2:0> — CANCAP — — WIN 0480
CACTRL2 0402 | — — — — — — | =T = — — | = DNCNT<4:0> 0000
C1VEC 0404 — — — FILHIT<4:0> — ICODE<6:0> 0000
C1FCTRL 0406 DMABS<2:0> _ - | =T =71 = _ —_ — ] FSA<d-0> 0000
C1FIFO 0408 — — FBP<5:0> — — FNRB<5:0> 0000
C1INTF 040A — — TXBO TXBP RXBP TXWAR | RXWAR | EWARN IVRIF WAKIF | ERRIF — FIFOIF | RBOVIF| RBIF TBIF 0000
C1INTE 040C — — — — — — — — IVRIE WAKIE | ERRIE — FIFOIE | RBOVIE | RBIE TBIE 0000
C1EC 040E TERRCNT<7:0> RERRCNT<7:0> 0000
C1CFG1 o410 | — = = = = = == SIW<1:0> BRP<5:0> 0000
C1CFG2 0412 — WAKFIL — — — SEG2PH<2:0> SEG2PHTS SAM SEG1PH<2:0> PRSEG<2:0> 0000
C1FEN1 0414 | FLTEN15 | FLTEN14 | FLTEN13 | FLTEN12 | FLTEN11 | FLTEN10 | FLTEN9 | FLTEN8 FLTEN7 FLTEN6 | FLTENS | FLTEN4 | FLTEN3 | FLTEN2 | FLTEN1 | FLTENO FFFF
C1FMSKSEL1 | 0418 F7MSK<1:0> FEMSK<1:0> F5MSK<1:0> FAMSK<1:0> F3MSK<1:0> F2MSK<1:0> F1MSK<1:0> FOMSK<1:0> 0000
C1FMSKSEL2 | 041A F15MSK<1:0> F14MSK<1:0> F13MSK<1:0> F12MSK<1:0> F11MSK<1:0> F10MSK<1:0> FOMSK<1:0> F8MSK<1:0> 0000
Legend: — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

TABLE 4-22: ECAN1 REGISTER MAP WHEN C1CTRL1.WIN =0 (FOR dsPIC33FJ128MC802/804 AND dsPIC33FJ64MC802/804)
File Name | Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ReA;I(Iets
0400- See definition when WIN = x
041E
C1RXFUL1 0420 | RXFUL15 | RXFUL14 | RXFUL13 | RXFUL12 | RXFUL11 | RXFUL10 | RXFUL9 | RXFUL8 | RXFUL7 | RXFUL6 | RXFULS | RXFUL4 | RXFUL3 | RXFUL2 | RXFUL1 | RXFULO | 0000
C1RXFUL2 | 0422 | RXFUL31 | RXFUL30 | RXFUL29 | RXFUL28 | RXFUL27 | RXFUL26 | RXFUL25 | RXFUL24 | RXFUL23 | RXFUL22 | RXFUL21 | RXFUL20 | RXFUL19 | RXFUL18 | RXFUL17 | RXFUL16 | 0000
C1RXOVF1 | 0428 [ RXOVF15|RXOVF14 |RXOVF13 | RXOVF12 | RXOVF11 | RXOVF10 | RXOVF9 | RXOVF8 | RXOVF7 | RXOVF6 | RXOVF5 | RXOVF4 | RXOVF3 | RXOVF2 | RXOVF1 | RXOVFO | 0000
C1RXOVF2 | 042A [ RXOVF31 | RXOVF30 | RXOVF29 | RXOVF28 | RXOVF27 | RXOVF26 | RXOVF25 | RXOVF24 | RXOVF23 | RXOVF22 | RXOVF21 | RXOVF20 | RXOVF19 | RXOVF18 | RXOVF17 | RXOVF16 | 0000
C1TRO1CON/| 0430 | TXEN1 TXABT1 | TXLARB1 | TXERR1 | TXREQ1 | RTREN1 TX1PRI<1:0> TXENO TXABTO | TXLARBO | TXERRO | TXREQO | RTRENO TXO0PRI<1:0> 0000
C1TR23CON| 0432 | TXEN3 TXABT3 | TXLARB3 | TXERR3 | TXREQ3 | RTREN3 TX3PRI<1:0> TXEN2 TXABT2 | TXLARB2 | TXERR2 | TXREQ2 | RTREN2 TX2PRI<1:0> 0000
C1TR45CON| 0434 | TXEN5 TXABT5 | TXLARBS | TXERRS | TXREQS | RTRENS TX5PRI<1:0> TXEN4 TXABT4 | TXLARB4 | TXERR4 | TXREQ4 | RTREN4 TX4PRI<1:0> 0000
C1TR67CON| 0436 | TXEN7 TXABT7 | TXLARB7 | TXERR7 | TXREQ7 | RTREN7 TX7PRI<1:0> TXENG6 TXABT6 | TXLARB6 | TXERR6 | TXREQ6 | RTRENG TX6PRI<1:0> 0000
C1RXD 0440 Received Data Word XXKXK
C1TXD 0442 Transmit Data Word KXKXK
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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TABLE 4-23: ECAN1 REGISTER MAP WHEN C1CTRL1.WIN = 1 (FOR dsPIC33FJ128MC802/804 AND dsPIC33FJ64MC802/804) (CONTINUED)
File Name Addr Bit15 | Bit14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ReAsI(Iets

C1RXF11EID 046E EID<15:8> EID<7:0> XXXX
C1RXF12SID 0470 SID<10:3> SID<2:0> — | EXIDE — EID<17:16> XXXX
C1RXF12EID 0472 EID<15:8> EID<7:0> XXXX
C1RXF13SID 0474 SID<10:3> SID<2:0> — | EXIDE — EID<17:16> XXXX
C1RXF13EID 0476 EID<15:8> EID<7:0> XXXX
C1RXF14SID 0478 SID<10:3> SID<2:0> — | EXIDE — EID<17:16> XXXX
C1RXF14EID | 047A EID<15:8> EID<7:0> XXXX
C1RXF15SID | 047C SID<10:3> SID<2:0> — | EXIDE — EID<17:16> XXXX
C1RXF15EID | 047E EID<15:8> EID<7:0> XXXX
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
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dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04

6.3 System Reset

The dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/
X04 and dsPIC33FJ128MCX02/X04 family of devices
have two types of Reset:

» Cold Reset

* Warm Reset

A cold Reset is the result of a Power-on Reset (POR)
or a Brown-out Reset (BOR). On a cold Reset, the

FNOSC Configuration bits in the FOSC device
Configuration register selects the device clock source.

A warm Reset is the result of all other reset sources,
including the RESET instruction. On warm Reset, the
device will continue to operate from the current clock
source as indicated by the Current Oscillator Selection
bits (COSC<2:0>) in the Oscillator Control register
(OSCCON<14:12>).

The device is kept in a Reset state until the system
power supplies have stabilized at appropriate levels
and the oscillator clock is ready. The description of
the sequence in which this occurs is shown in
Figure 6-2.

TABLE 6-1: OSCILLATOR DELAY
Oscillator Mode Stgrstz';"'g;;y Stg;ﬁ:'?i‘;:er PLL Lock Time Total Delay
FRC, FRCDIV16, FRCDIVN Toscb — — ToscD
FRCPLL ToscD — TLOCK ToscD + TLOCK
XT ToscD TosT — ToscD + TosT
HS ToscD TosT — ToscD + TosT
EC — — — —
XTPLL ToscD TosT TLOCK ToscD + TosT +
TLOCK
HSPLL ToscD TosT TLOCK ToscD + TosT +
TLOCK
ECPLL — — TLOCK TLocK
Sosc ToscDp TosT — ToscD + TosT
LPRC ToscD — — Toscb
Note 1: Toscb = Oscillator Start-up Delay (1.1 us max for FRC, 70 us max for LPRC). Crystal Oscillator start-up

times vary with crystal characteristics, load capacitance, etc.

2: TosT = Oscillator Start-up Timer Delay (1024 oscillator clock period). For example, ToST = 102.4 us for a
10 MHz crystal and TosT = 32 ms for a 32 kHz crystal.

3: TLock = PLL lock time (1.5 ms nominal), if PLL is enabled.

© 2007-2012 Microchip Technology Inc.
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dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04

REGISTER 7-12: IEC2: INTERRUPT ENABLE CONTROL REGISTER 2

U-0 R/W-0 R/W-0 U-0 U-0 U-0 U-0 U-0
— DMA4IE PMPIE — — — — —
bit 15 bit 8
U-0 U-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — DMASIE c1ie™ C1RXIE™M SPI2IE SPI2EIE
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 Unimplemented: Read as ‘0’
bit 14 DMAJIE: DMA Channel 4 Data Transfer Complete Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 13 PMPIE: Parallel Master Port Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 12-5 Unimplemented: Read as ‘0’
bit 4 DMASIE: DMA Channel 3 Data Transfer Complete Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 3 C1IE: ECAN1 Event Interrupt Enable bit(")

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 2 C1RXIE: ECAN1 Receive Data Ready Interrupt Enable bit(")

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 1 SPI2IE: SPI2 Event Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 0 SPI2EIE: SPI2 Error Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

Note 1: Interrupts are disabled on devices without an ECAN™ module.
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dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04

REGISTER 7-20: IPC5: INTERRUPT PRIORITY CONTROL REGISTER 5

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— IC8IP<2:0> — IC7I1P<2:0>
bit 15 bit 8
U-0 U-0 U-0 u-0 U-0 R/W-1 R/W-0 R/W-0
— — — — — INT11P<2:0>
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 Unimplemented: Read as ‘0’
bit 14-12 IC8IP<2:0>: Input Capture Channel 8 Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 11 Unimplemented: Read as ‘0’

bit 10-8 IC71P<2:0>: Input Capture Channel 7 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

bit 7-3 Unimplemented: Read as ‘0’

bit 2-0 INT1IP<2:0>: External Interrupt 1 Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)

001 = Interrupt is priority 1
000 = Interrupt source is disabled

© 2007-2012 Microchip Technology Inc. DS70291G-page 117



dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04

NOTES:
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dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04

11.2 Open-Drain Configuration

In addition to the PORT, LAT and TRIS registers for
data control, some port pins can also be individually
configured for either digital or open-drain output. This
is controlled by the Open-Drain Control register,
ODCx, associated with each port. Setting any of the
bits configures the corresponding pin to act as an
open-drain output.

The open-drain feature allows the generation of
outputs higher than VDD (e.g., 5V) on any desired 5V
tolerant pins by using external pull-up resistors. The
maximum open-drain voltage allowed is the same as
the maximum VIH specification.

See “Pin Diagrams” for the available pins and their
functionality.

11.3 Configuring Analog Port Pins

The AD1PCFGL and TRIS registers control the
operation of the analog-to-digital port pins. The port
pins that are to function as analog inputs must have
their corresponding TRIS bit set (input). If the TRIS bit
is cleared (output), the digital output level (VOH or VoL)
is converted.

The AD1PCFGL register has a default value of 0x0000;
therefore, all pins that share ANXx functions are analog
(not digital) by default.

When the PORT register is read, all pins configured as
analog input channels are read as cleared (a low level).

Pins configured as digital inputs do not convert an
analog input. Analog levels on any pin defined as a
digital input (including the ANx pins) can cause the
input buffer to consume current that exceeds the
device specifications.

EXAMPLE 11-1: PORT WRITE/READ EXAMPLE

11.4 1/O Port Write/Read Timing

One instruction cycle is required between a port
direction change or port write operation and a read
operation of the same port. Typically, this instruction
would be an NOP, as shown in Example 11-1.

11.5 Input Change Notification

The input change notification function of the 1/0 ports
allows the dsPIC33FJ32MC302/304,
dsPIC33FJ64MCX02/X04 and dsPIC33FJ128MCX02/
X04 devices to generate interrupt requests to the
processor in response to a change-of-state on selected
input pins. This feature can detect input
change-of-states even in Sleep mode, when the clocks
are disabled. Depending on the device pin count, up to
21 external signals (CNx pin) can be selected (enabled)
for generating an interrupt request on a change-of-
state.

Four control registers are associated with the CN
module. The CNEN1 and CNENZ2 registers contain the
interrupt enable control bits for each of the CN input
pins. Setting any of these bits enables a CN interrupt
for the corresponding pins.

Each CN pin also has a weak pull-up connected to it.
The pull-ups act as a current source connected to the
pin, and eliminate the need for external resistors when
push-button or keypad devices are connected. The
pull-ups are enabled separately using the CNPU1 and
CNPU2 registers, which contain the control bits for
each of the CN pins. Setting any of the control bits
enables the weak pull-ups for the corresponding pins.

Note: Pull-ups on change notification pins
should always be disabled when the port
pin is configured as a digital output.

MOV OxFF00, WO
MOV WO, TRISBB
NOP ; Delay 1 cycle

btss PORTB, #13 ; Next Instruction

; Configure PORTB<15:8> as inputs
; and PORTB<7:0> as outputs

DS70291G-page 164
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dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04

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

bit 5 ACKDT: Acknowledge Data bit (when operating as 12C master, applicable during master receive)

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

bit 4 ACKEN: Acknowledge Sequence Enable bit
(when operating as I°C master, applicable during master receive)

1 = Initiate Acknowledge sequence on SDAx and SCLx pins and transmit ACKDT data bit.
Hardware clear at end of master Acknowledge sequence
0 = Acknowledge sequence not in progress

bit 3 RCEN: Receive Enable bit (when operating as 1°c master)

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

bit 2 PEN: Stop Condition Enable bit (when operating as 12C master)

1 = Initiate Stop condition on SDAx and SCLx pins. Hardware clear at end of master Stop sequence
0 = Stop condition not in progress

bit 1 RSEN: Repeated Start Condition Enable bit (when operating as 12c master)
1 = Initiate Repeated Start condition on SDAx and SCLx pins. Hardware clear at end of
master Repeated Start sequence
0 = Repeated Start condition not in progress
bit 0 SEN: Start Condition Enable bit (when operating as 1°c master)

1 = Initiate Start condition on SDAx and SCLx pins. Hardware clear at end of master Start sequence
0 = Start condition not in progress
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REGISTER 23-2: DAC1STAT: DAC STATUS REGISTER

R/W-0 uU-0 R/W-0 uU-0 uU-0 R/W-0 R-0 R-0
LOEN — LMVOEN — — LITYPE LFULL LEMPTY
bit 15 bit 8
R/W-0 uU-0 R/W-0 uU-0 U-0 R/W-0 R-0 R-0
ROEN — RMVOEN — — RITYPE RFULL REMPTY
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 LOEN: Left Channel DAC Output Enable bit
1 = Positive and negative DAC outputs are enabled
0 = DAC outputs are disabled
bit 14 Unimplemented: Read as ‘0’
bit 13 LMVOEN: Left Channel Midpoint DAC Output Voltage Enable bit
1 = Midpoint DAC output is enabled
0 = Midpoint output is disabled
bit 12-11 Unimplemented: Read as ‘0’
bit 10 LITYPE: Left Channel Type of Interrupt bit
1 = Interrupt if FIFO is EMPTY
0 = Interrupt if FIFO is NOT FULL
bit 9 LFULL: Status, Left Channel Data Input FIFO is FULL bit
1= FIFOis Full
0 = FIFO is not Full
bit 8 LEMPTY: Status, Left Channel Data Input FIFO is EMPTY bit
1 = FIFO is Empty
0 = FIFO is not Empty
bit 7 ROEN: Right Channel DAC Output Enable bit
1 = Positive and negative DAC outputs are enabled
0 = DAC outputs are disabled
bit 6 Unimplemented: Read as ‘0’
bit 5 RMVOEN: Right Channel Midpoint DAC Output Voltage Enable bit
1 = Midpoint DAC output is enabled
0 = Midpoint output is disabled
bit 4-3 Unimplemented: Read as ‘0’
bit 2 RITYPE: Right Channel Type of Interrupt bit
1 = Interrupt if FIFO is EMPTY
0 = Interrupt if FIFO is NOT FULL
bit 1 RFULL: Status, Right Channel Data Input FIFO is FULL bit
1= FIFOis Full
0= FIFOis not Full
bit 0 REMPTY: Status, Right Channel Data Input FIFO is EMPTY bit

1 = FIFO is Empty
0 = FIFO is not Empty
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25.0 REAL-TIME CLOCK AND
CALENDAR (RTCC)

Note 1: This data sheet summarizes the features

of the dsPIC33FJ32MC302/304,
dsPIC33FJ64MCX02/X04 and
dsPIC33FJ128MCX02/X04 family of

devices. It is not intended to be a
comprehensive reference source. To
complement the information in this data
sheet, refer to Section 37. “Real-Time
Clock and Calendar (RTCC)”
(DS70301) of the “dsPIC33F/PIC24H
Family Reference Manual’, 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.

This chapter discusses the Real-Time Clock and
Calendar (RTCC) module, available on
dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04
and dsPIC33FJ128MCX02/X04 devices, and its
operation.

The following are some of the key features of this
module:

FIGURE 25-1: RTCC BLOCK DIAGRAM

« Time: hours, minutes and seconds

* 24-hour format (military time)

* Calendar: weekday, date, month and year

» Alarm configurable

* Year range: 2000 to 2099

* Leap year correction

* BCD format for compact firmware

» Optimized for low-power operation

« User calibration with auto-adjust

« Calibration range: +2.64 seconds error per month
* Requirements: External 32.768 kHz clock crystal
» Alarm pulse or seconds clock output on RTCC pin

The RTCC module is intended for applications where
accurate time must be maintained for extended periods
of time with minimum to no intervention from the CPU.
The RTCC module is optimized for low-power usage to
provide extended battery lifetime while keeping track of
time.

The RTCC module is a 100-year clock and calendar
with automatic leap year detection. The range of the
clock is from 00:00:00 (midnight) on January 1, 2000 to
23:59:59 on December 31, 2099.

The hours are available in 24-hour (military time)
format. The clock provides a granularity of one second
with half-second visibility to the user.
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FIGURE 31-2: EXTERNAL CLOCK TIMING
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TABLE 31-16: EXTERNAL CLOCK TIMING REQUIREMENTS

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
Pilrzm Symb Characteristic Min Typ(! Max Units Conditions
0s10 FIN External CLKI Frequency DC — 40 MHz |EC
(External clocks allowed only
in EC and ECPLL modes)
Oscillator Crystal Frequency 3.5 — 10 MHz | XT
10 — 40 MHz [HS
— — 33 kHz |Sosc
3.5 — 10 MHz |AUX_OSC_FIN
0820 Tosc |Tosc = 1/Fosc 12,5 — DC ns |—
0825 Tcy Instruction Cycle Time(? 25 — DC ns |—
0S30 TosL, |External Clock in (OSC1) 0.375 x Tosc — 0.625 x Tosc ns |EC
TosH |High or Low Time
0S31 TosR, |External Clock in (OSC1) — — 20 ns |EC
TosF |Rise or Fall Time
0S40 |TckR |CLKO Rise Time(®) — 5.2 — ns |—
0S41 |TckF | CLKO Fall Time(®) — 5.2 — ns |—
0S42 GM External Oscillator 14 16 18 mA/V | VDD = 3.3V
Transconductance(® TA = +25°C

Note 1: Data in “Typ” column is at 3.3V, 25°C unless otherwise stated.

2: Instruction cycle period (TcY) equals two times the input oscillator time-base period. All specified values
are based on characterization data for that particular oscillator type under standard operating conditions
with the device executing code. Exceeding these specified limits may result in an unstable oscillator
operation and/or higher than expected current consumption. All devices are tested to operate at “min.”
values with an external clock applied to the OSC1/CLKI pin. When an external clock input is used, the
“max.” cycle time limit is “DC” (no clock) for all devices.

3: Measurements are taken in EC mode. The CLKO signal is measured on the OSC2 pin.
4: Data for this parameter is Preliminary. This parameter is characterized, but not tested in manufacturing.
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TABLE 31-23: TIMER2 AND TIMER4 EXTERNAL CLOCK TIMING REQUIREMENTS

AC CHARACTERISTICS

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

Operating temperature  -40°C <TA <+85°C for Industrial
-40°C <TA <+125°C for Extended
Pi‘r:m Symbol Characteristic(! Min Typ Max Units Conditions
TB10 |TtxH TxCKHigh | Synchronous | Greater of: — — ns | Must also meet
Time mode 20 or parameter TB15
(Tey + 20)/N N = prescale
value
(1, 8, 64, 256)
TB11 | TtxL TxCK Low | Synchronous Greater of: — — ns |Must also meet
Time mode 20 or parameter TB15
(Tey + 20)/N N = prescale
value
(1, 8, 64, 256)
TB15 |TtxP TxCK Synchronous Greater of: — — ns |N =prescale
Input mode 40 or value
Period (2 Tcy + 40)/N (1, 8, 64, 256)
TB20 |TcKeXTMRL | Delay from External TxCK | 0.75 Tcy + 40 — |1.75Tcy+40| ns —
Clock Edge to Timer Incre-
ment
Note 1: These parameters are characterized, but are not tested in manufacturing.

TABLE 31-24: TIMER3 AND TIMERS5 EXTERNAL CLOCK TIMING REQUIREMENTS

AC CHARACTERISTICS

Operating temperature

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

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

Pi‘r:m Symbol Characteristic(!) Min Typ Max Units Conditions
TC10 |TixH TxCK High | Synchronous Tcy + 20 — — ns | Must also meet
Time parameter TC15
TC1M1 | TtxL TxCK Low | Synchronous Tcy + 20 — — ns | Must also meet
Time parameter TC15
TC15 |TixP TxCK Input | Synchronous, | 2 Tcy + 40 — — ns —
Period with prescaler
TC20 |TckeXTMRL | Delay from External TxCK | 0.75 Tcy + 40 — |1.75Tcy +40| ns —
Clock Edge to Timer
Increment
Note 1: These parameters are characterized, but are not tested in manufacturing.
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FIGURE 31-22: 12Cx BUS START/STOP BITS TIMING CHARACTERISTICS (MASTER MODE)
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Note: Refer to Figure 31-1 for load conditions.

FIGURE 31-23: 12Cx BUS DATA TIMING CHARACTERISTICS (MASTER MODE)

IM20 > e M1 — i — i IM21

Note: Refer to Figure 31-1 for load conditions.
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TABLE 32-7: DC CHARACTERISTICS: PROGRAM MEMORY
Standard Operating Conditions: 3.0V to 3.6V

DC CHARACTERISTICS (unless otherwise stated)
Operating temperature -40°C <TA <+150°C for High Temperature
Pi{:m Symbol Characteristic(!) Min Typ Max | Units Conditions

Program Flash Memory

HD130 |EP Cell Endurance 10,000 | — — | E/W |-40°C to +150°C(2)

HD134 | TRETD |Characteristic Retention 20 — — Year | 1000 E/W cycles or less and no
other specifications are violated

Note 1:

These parameters are assured by design, but are not characterized or tested in manufacturing.

2: Programming of the Flash memory is allowed up to 150°C.
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44-Lead Plastic Quad Flat, No Lead Package (ML) — 8x8 mm Body [QFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

e ) o

EXPOSED
‘ PAD
[

E

e
77 i
)
K
I IA
| N NOTE 1
TOP VIEW BOTTOM VIEW

Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 44
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 8.00 BSC
Exposed Pad Width E2 6.30 6.45 6.80
Overall Length D 8.00 BSC
Exposed Pad Length D2 6.30 6.45 6.80
Contact Width b 0.25 0.30 0.38
Contact Length L 0.30 0.40 0.50
Contact-to-Exposed Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-103B
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APPENDIX A: REVISION HISTORY

Revision A (August 2007)

Initial release of this document.

Revision B (March 2008)

This revision

includes minor typographical

and

formatting changes throughout the data sheet text. In
addition, redundant information was removed that is
now available in the respective chapters of the
“dsPIC33F/PIC24H Family Reference Manual”, which
can be obtained from the Microchip web site

(www.microchip.com).

The major changes are referenced by their respective

section in the following table.
TABLE A-1:

MAJOR SECTION UPDATES

Section Name

Update Description

“High-Performance, 16-bit Digital Signal
Controllers”

Note 1 added to all pin diagrams (see “Pin Diagrams”)

Add External Interrupts column and Note 4 to the
“dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 and
dsPIC33FJ128MCX02/X04 Controller Families” table

Section 1.0 “Device Overview”

Updated parameters PMAO, PMA1 and PMDO through PMPD7
(Table 1-1)

Section 3.0 “Memory Organization”

Updated FAEN bits in Table 4-8

Section 6.0 “Interrupt Controller”

IFS0-IFSO4 changed to IFSx (see Section 6.3.2 “IFSx”)
IECO-IEC4 changed to IECX (see Section 6.3.3 “IECx”)
IPCO-IPC19 changed to IPCx (see Section 6.3.4 “IPCx”)

Section 7.0 “Direct Memory Access (DMA)”

Updated parameter PMP (see Table 8-1)

Section 8.0 “Oscillator Configuration”

Updated the third clock source item (External Clock) in
Section 8.1.1 “System Clock Sources”

Updated TUN<5:0> (OSCTUN<5:0>) bit description (see
Register 8-4)

Section 21.0 “10-bit/12-bit Analog-to-Digital
Converter (ADC1)”

Added Note 2 to Figure 21-3

Section 27.0 “Special Features”

Added Note 2 to Figure 27-1
Added parameter FICD in Table 27-1
Added parameters BKBUG, COE, JTAGEN and ICS in Table 27-2

Added Note after second paragraph in Section 27.2 “On-Chip
Voltage Regulator”
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