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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
35

32KB (32K x 8)

FLASH

4K x 8

3V ~ 3.6V

A/D 9x10b/12b

Internal

-40°C ~ 125°C (TA)

Surface Mount

44-TQFP

44-TQFP (10x10)
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TABLE 4-1: CPU CORE REGISTERS MAP (CONTINUED)
SFR Name | Addr Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ReAsltlets
MODCON 0046 XMODEN | YMODEN — — BWM<3:0> YWM<3:0> XWM<3:0> 0000
XMODSRT | 0048 XS<15:1> 0 XXXX
XMODEND | 004A XE<15:1> 1 XXXX
YMODSRT | 004C YS<15:1> 0 XXXX
YMODEND | O004E YE<15:1> 1 XXXX
XBREV 0050 BREN XB<14:0> XXXX
DISICNT 0052 — — Disable Interrupts Counter Register XXXX

Legend:

x = unknown value on Reset, — =

unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

Y0X/Z0XIINSZLr4AEEDIdSP ANV YOX/ZCOXOWYIr4EEDIdSP ‘V0E/COEIINZErAEEDIASP



"ou| ABojouyoa | diyoosolN 2102-200Z @

16 9bed-91620/30

TABLE 4-24: PERIPHERAL PIN SELECT INPUT REGISTER MAP
File Name | Addr |Bit15 | Bit14 | Bit13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 R :;'Lts
RPINRO 0680 | — — — INT1R<4:0> — — — — = = = — 1F00
RPINR1 0682 | — — = — — = — — — — — INT2R<4:0> 001F
RPINR3 0686 | — — — T3CKR<4:0> — — — T2CKR<4:0> 1F1F
RPINR4 0688 | — — — T5CKR<4:0> — — — T4CKR<4:0> 1F1F
RPINR7 068E | — — = IC2R<4:0> - - - IC1R<4:0> 1F1F
RPINR10 | 0694 | — = = IC8R<4:0> = = = IC7R<4:0> 1F1F
RPINR11 0696 | — — = — — = — — — — — OCFAR<4:0> 001F
RPINR12 0698 | — — — — — — — — — — — FLTA1R<4:0> 001F
RPINR13 | 069A | — — — — — — — — — — — FLTA2R<4:0> 001F
RPINR14 | geoc | — — — QEB1R<4:0> — — — QEA1R<4:0> 1F1F
RPINR15 | 069E | — = = = = | = | = = = = = INDX1R<4:0> 001F
RPINR16 | 0pAD | — — — QEB2R<4:0> — — — QEA2R<4:0> 1F1F
RPINR17 | peA2 | — — — — — | — | — — — — — INDX2R<4:0> 001F
RPINR18 | oeAd4 | — — — U1CTSR<4:0> — — — U1RXR<4:0> 1F1F
RPINR19 | oea6 | — — — U2CTSR<4:0> — — — U2RXR<4:0> 1F1F
RPINR20 | oea8 | — — = SCK1R<4:0> - - - SDI1R<4:0> 1F1F
RPINR21 06AA — — — — — — — — — — — SS1R<4:0> 001F
RPINR22 | psaC | — = = SCK2R<4:0> = = — SDI2R<4:0> 1F1F
RPINR23 | 06AE | — — = — — = — — — — — SS2R<4:0> 001F
RPINR26M | oeBa | — | — | — — — — — — — — — C1RXR<4:0> 001F
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: This register is present in dsPIC33FJ128MC802/804 and dsPIC33FJ64MC802/804 devices only.

Y0X/Z0XIINSZLr4AEEDIdSP ANV YOX/ZCOXOWYIr4EEDIdSP ‘V0E/COEIINZErAEEDIASP



dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04

7.3 Interrupt Control and Status
Registers

The dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/
X04 and dsPIC33FJ128MCX02/X04 devices imple-
ment a total of 30 registers for the interrupt controller:

* INTCON1
* INTCON2
* IFSx
* |IECx
* IPCx
* INTTREG

7.31 INTCON1 AND INTCON2

Global interrupt control functions are controlled from
INTCON1 and INTCON2. INTCON1 contains the
Interrupt Nesting Disable bit (NSTDIS) as well as the
control and status flags for the processor trap sources.
The INTCON2 register controls the external interrupt
request signal behavior and the use of the Alternate
Interrupt Vector Table (AIVT).

7.3.2 IFSx

The IFS registers maintain all of the interrupt request
flags. Each source of interrupt has a status bit, which is
set by the respective peripherals or external signal and
is cleared via software.

7.3.3 IECx

The IEC registers maintain all of the interrupt enable
bits. These control bits are used to individually enable
interrupts from the peripherals or external signals.

7.3.4 IPCx

The IPC registers are used to set the interrupt priority
level for each source of interrupt. Each user interrupt
source can be assigned to one of eight priority levels.

7.3.5 INTTREG

The INTTREG register contains the associated
interrupt vector number and the new CPU interrupt
priority level, which are latched into vector number bits
(VECNUM<6:0>) and Interrupt level bits (ILR<3:0>) in
the INTTREG register. The new interrupt priority level
is the priority of the pending interrupt.

The interrupt sources are assigned to the IFSx, IECx
and IPCx registers in the same sequence that they are
listed in Table 7-1. For example, the INTO (External
Interrupt 0) is shown as having vector number 8 and a
natural order priority of 0. Thus, the INTOIF bit is found
in IFS0<0>, the INTOIE bit in IEC0<0>, and the INTOIP
bits in the first position of IPCO (IPC0<2:0>).

7.3.6 STATUS/CONTROL REGISTERS

Although they are not specifically part of the interrupt
control hardware, two of the CPU control registers
contain bits that control interrupt functionality.

» The CPU Status register, SR, contains the
IPL<2:0> bits (SR<7:5>). These bits indicate the
current CPU interrupt priority level. The user
software can change the current CPU priority
level by writing to the IPL bits.

* The CORCON register contains the IPL3 bit,
which together with IPL<2:0>, also indicates the
current CPU priority level. The IPL3 is a read-only
bit so that trap events cannot be masked by the
user software.

All Interrupt registers are described in Register 7-1
through Register 7-32.

7.4 Interrupts Resources

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

Note: Inthe event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/

Devices.aspx?dDocName=en532315

7.41 KEY RESOURCES

» Section 32. “Interrupts (Part Ill)” (DS70214)
* Code Samples

» Application Notes

» Software Libraries

* Webinars

» All related dsPIC33F/PIC24H Family Reference
Manuals Sections

* Development Tools

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

REGISTER 7-6: IFS1: INTERRUPT FLAG STATUS REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
U2TXIF U2RXIF INT2IF T5IF T4IF OC4IF OC3IF DMA2IF
bit 15 bit 8
R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IC8IF IC7IF — INT1IF CNIF CMIF MI2C1IF SI2C1IF
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 U2TXIF: UART2 Transmitter Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 14 U2RXIF: UART2 Receiver Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 13 INT2IF: External Interrupt 2 Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 12 T5IF: Timer5 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 11 T4IF: Timer4 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 10 OCAJ4IF: Output Compare Channel 4 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 9 OC3IF: Output Compare Channel 3 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 8 DMA2IF: DMA Channel 2 Data Transfer Complete Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 7 IC8IF: Input Capture Channel 8 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 6 IC7IF: Input Capture Channel 7 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 5 Unimplemented: Read as ‘0’
bit 4 INT1IF: External Interrupt 1 Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 3 CNIF: Input Change Notification Interrupt Flag Status bit

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

DS70291G-page 100 © 2007-2012 Microchip Technology Inc.



dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04

REGISTER 7-19:

IPC4: INTERRUPT PRIORITY CONTROL REGISTER 4

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— CNIP<2:0> — CMIP<2:0>
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— MI2C1IP<2:0> — SI2C11P<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
bit 14-12

bit 11
bit 10-8

bit 7
bit 6-4

bit 3
bit 2-0

Unimplemented: Read as ‘0’

CNIP<2:0>: Change Notification Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

CMIP<2:0>: Comparator Interrupt Priority bits

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

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

MI2C1IP<2:0>: |12C1 Master Events Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

SI2C1IP<2:0>: 12C1 Slave Events Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1

000 = Interrupt source is disabled

DS70291G-page 116
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dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04

REGISTER 7-25:

IPC11: INTERRUPT PRIORITY CONTROL REGISTER 11

u-0 U-0 u-0 u-0 u-0 R/W-1 R/W-0 R/W-0
— — — — — DMA41P<2:0>
bit 15 bit 8
u-0 R/W-1 R/W-0 R/W-0 uU-0 uU-0 uU-0 u-0
— PMPIP<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 15-11 Unimplemented: Read as ‘0’
bit 10-8 DMAA4IP<2:0>: DMA Channel 4 Data Transfer Complete Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 7 Unimplemented: Read as ‘0’
bit 6-4 PMPIP<2:0>: Parallel Master Port Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 3-0 Unimplemented: Read as ‘0’

DS70291G-page 122
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dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04

REGISTER 7-29: IPC17: INTERRUPT PRIORITY CONTROL REGISTER 17

u-0 U-0 u-0 u-0 u-0 R/W-1 R/W-0 R/W-0
— — — — — C1TXIP<2:0>(1)
bit 15 bit 8
u-0 R/W-1 R/W-0 R/W-0 u-0 R/W-1 R/W-0 R/W-0
— DMA71P<2:0> — DMAGIP<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 15-11 Unimplemented: Read as ‘0’
bit 10-8 C1TXIP<2:0>: ECAN1 Transmit Data Request Interrupt Priority bits(")
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 7 Unimplemented: Read as ‘0’
bit 6-4 DMA7IP<2:0>: DMA Channel 7 Data Transfer Complete Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 3 Unimplemented: Read as ‘0’
bit 2-0 DMAG6IP<2:0>: DMA Channel 6 Data Transfer Complete Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
Note 1: Interrupts are disabled on devices without an ECAN™ module.

DS70291G-page 126 © 2007-2012 Microchip Technology Inc.




dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04

8.1 DMA Resources

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

Note: Inthe event you are not able to access the
product page using the link above, enter
this URL in your browser:
http://www.microchip.com/wwwproducts/

Devices.aspx?dDocName=en532315

8.1.1 KEY RESOURCES

» Section 38. “Direct Memory Access (Part lll)”
(DS70215)

» Code Samples

» Application Notes

» Software Libraries

* Webinars

» All related dsPIC33F/PIC24H Family Reference
Manuals Sections

* Development Tools

8.2 DMAC Registers

Each DMAC Channel x (x =0, 1, 2, 3,4, 5,6 or 7)
contains the following registers:

» A 16-bit DMA Channel Control register
(DMAXCON)

* A 16-bit DMA Channel IRQ Select register
(DMAXREQ)

* A 16-bit DMA RAM Primary Start Address register
(DMAXSTA)

» A 16-bit DMA RAM Secondary Start Address
register (DMAXSTB)

* A 16-bit DMA Peripheral Address register
(DMAXPAD)

* A 10-bit DMA Transfer Count register (DMAXCNT)

An additional pair of status registers, DMACSO0 and
DMACS1, are common to all DMAC channels.
DMACSO0 contains the DMA RAM and SFR write
collision flags, XWCOLx and PWCOLX, respectively.
DMACS1 indicates DMA channel and Ping-Pong mode
status.

The DMAxXCON, DMAxREQ, DMAxPAD and
DMAXCNT are all conventional read/write registers.
Reads of DMAXSTA or DMAXSTB reads the contents
of the DMA RAM Address register. Writes to
DMAXSTA or DMAXSTB write to the registers. This
allows the user to determine the DMA buffer pointer
value (address) at any time.

The interrupt flags (DMAXIF) are located in an IFSx
register in the interrupt controller. The corresponding
interrupt enable control bits (DMAXIE) are located in
an |IECx register in the interrupt controller, and the
corresponding interrupt priority control bits (DMAXIP)
are located in an IPCx register in the interrupt
controller.

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

9.14 PLL CONFIGURATION

The primary oscillator and internal FRC oscillator can
optionally use an on-chip PLL to obtain higher speeds
of operation. The PLL provides significant flexibility in
selecting the device operating speed. A block diagram
of the PLL is shown in Figure 9-2.

The output of the primary oscillator or FRC, denoted as
FIN, is divided down by a prescale factor (N1) of 2, 3, ...
or 33 before being provided to the PLL's Voltage
Controlled Oscillator (VCO). The input to the VCO must
be selected in the range of 0.8 MHz to 8 MHz. The
prescale factor, N1, is selected using the
PLLPRE<4:0> bits (CLKDIV<4:0>).

The PLL Feedback Divisor, selected using the
PLLDIV<8:0> bits (PLLFBD<8:0>), provides a factor M,
by which the input to the VCO is multiplied. This factor
must be selected such that the resulting VCO output
frequency is in the range of 100 MHz to 200 MHz.

The VCO output is further divided by a postscale factor
N2. This factor is selected using the PLLPOST<1:0>
bits (CLKDIV<7:6>). N2 can be either 2, 4 or 8, and
must be selected such that the PLL output frequency
(Fosc) is in the range of 12.5 MHz to 80 MHz, which
generates device operating speeds of 6.25-40 MIPS.

FIGURE 9-2:
X04 PLL BLOCK DIAGRAM

For a primary oscillator or FRC oscillator, output FIN,
the PLL output Fosc is given by:

EQUATION 9-2:  Fosc CALCULATION

M
Fosc = FIN e (Nl . Nz)

For example, suppose a 10 MHz crystal is being used
with the selected oscillator mode of XT with PLL.

» If PLLPRE<4:0> = 0, then N1 = 2. This yields a
VCO input of 10/2 = 5 MHz, which is within the
acceptable range of 0.8 MHz - 8 MHz.

« If PLLDIV<8:0> = 0x1E, then
M = 32. This yields a VCO output of 5 x 32 =
160 MHz, which is within the 100 MHz - 200 MHz
ranged needed.

* If PLLPOST<1:0> = 0, then N2 = 2. This provides
a Fosc of 160/2 = 80 MHz. The resultant device
operating speed is 80/2 = 40 MIPS.

EQUATION 9-3: XT WITH PLL MODE

EXAMPLE

Fey = Fosc _ 1(10000000 e 32

2 Ye2 ) =40MIPS

dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/

(1)

Fvco

0.8-8.0 MHz 100-200 MHZ"
%?,*;‘;grgg{y;g' External Clock "o | pre X VCO »~ PLLPOST Y= Fosc
A ¢
PLLDIV

N1
Divide by
2-33

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

N2
Divide by
2,4,8

M
Divide by
2-513
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dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04

13.0 TIMER2/3 AND TIMERA4/5

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 11. “Timers”
(DS70205) of the “dsPIC33F/PIC24H
Family Reference Manual’, which is
available from the Microchip web site
(www.microchip.com).

Timer2 and Timer4 are Type B timers with the following
specific features:

» A Type B timer can be concatenated with a Type
C timer to form a 32-bit timer

» The external clock input (TXCK) is always
synchronized to the internal device clock and the
clock synchronization is performed after the
prescaler

A block diagram of the Type B timer is shown in
Figure 13-1.

Timer3 and Timer5 are Type C timers with the following
specific features:

* A Type C timer can be concatenated with a Type
B timer to form a 32-bit timer

2: Some registers and associated bits
described in this section may not be » At least one Type C timer has the ability to trigger
available on all devices. Refer to an analog-to-digital conversion
Section 4.0 “Memory Organization” in » The external clock input (TXCK) is always
this data sheet for device-specific register synchronized to the internal device clock and the
and bit information. clock synchronization is performed before the
prescaler
A block diagram of the Type C timer is shown in
Figure 13-2.
FIGURE 13-1: TYPE B TIMER BLOCK DIAGRAM (x = 2 or 4)
Gate Falling Edge|
Sync Detect ™ | set TXIF flag
Fey Prescaler =D—> 10
(fn)
Reset]
» 00 —p TMRx |
TCKPS<1:0> TGATE
Prescaler o 4;
%H > (n) —» Sync > x1 Equal
TxCK ﬁ 1 Comparatol
TCKPS<1:0> TGATE —! ﬁr
TCS
PRx
FIGURE 13-2: TYPE C TIMER BLOCK DIAGRAM (x = 3 or 5)
Gate Falling Edge ‘
Sync Detect T| 1 | set TxIF flag
- \
Foy Pre;rc‘;zler i ——» 10
ﬁ Reset
» 00 P TMRx |«
TCKPS<1:0> TGATE
| Prescaler ol @
X syne > (n) gl c | Equal |ADC SOC Trigger
TxCK i} J omparator »>
TCKPS<1:0> TGATE ﬁ
TCS
PRx
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dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04

19.0 INTER-INTEGRATED
CIRCUIT™ (12C™)

Note 1: This data sheet summarizes the fea-
tures 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 19.
“Inter-Integrated Circuit™ (Ich"")”
(DS70195) 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.

The Inter-Integrated Circuit (1°C) module provides
complete hardware support for both Slave and
Multi-Master modes of the I1°C serial communication
standard, with a 16-bit interface.

The 12C module has a 2-pin interface:

» The SCLx pin is clock

* The SDAX pin is data

The I12C module offers the following key features:

« I2C interface supporting both Master and Slave
modes of operation

+ I2C Slave mode supports 7-bit and 10-bit
addressing

« 12C Master mode supports 7-bit and 10-bit
addressing

. 12 port allows bidirectional transfers between
master and slaves

« Serial clock synchronization for 12c port can be
used as a handshake mechanism to suspend and
resume serial transfer (SCLREL control)

. 12 supports multi-master operation, detects bus
collision and arbitrates accordingly

19.1 Operating Modes

The hardware fully implements all the master and slave
functions of the I°C Standard and Fast mode
specifications, as well as 7 and 10-bit addressing.

The 1°C module can operate either as a slave or a
master on an I2C bus.

The following types of 12c operation are supported:

« 12C slave operation with 7-bit addressing

« I12C slave operation with 10-bit addressing

« I12C master operation with 7-bit or 10-bit addressing
For details about the communication sequence in each
of these modes, refer to the “dsPIC33F/PIC24H Family
Reference Manual’. Please see the Microchip web site
(www.microchip.com) for the latest dsPIC33F/PIC24H
Family Reference Manual chapters.

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

REGISTER 24-1: CMCON: COMPARATOR CONTROL REGISTER (CONTINUED)

bit 6 C10UT: Comparator 1 Output bit
When C1INV = 0:
1= C1VIN+>C1VIN-
0 = C1VIN+ < C1 VIN-
When C1INV = 1:
0 = C1VIN+ > C1 VIN-
1= C1VIN+ < C1 VIN-
bit 5 C2INV: Comparator 2 Output Inversion bit
1 = C2 output inverted
0 = C2 output not inverted
bit 4 C1INV: Comparator 1 Output Inversion bit
1 = C1 output inverted
0 = C1 output not inverted
bit 3 C2NEG: Comparator 2 Negative Input Configure bit
1 = Input is connected to VIN+
0 = Input is connected to VIN-
See Figure 24-1 for Comparator modes.
bit 2 C2PO0S: Comparator 2 Positive Input Configure bit
1 = Input is connected to VIN+
0 = Input is connected to CVREF
See Figure 24-1 for Comparator modes.
bit 1 C1NEG: Comparator 1 Negative Input Configure bit
1 = Input is connected to VIN+
0 = Input is connected to VIN-
See Figure 24-1 for Comparator modes.
bit 0 C1POS: Comparator 1 Positive Input Configure bit
1 = Input is connected to VIN+
0 = Input is connected to CVREF
See Figure 24-1 for Comparator modes.

Note 1: If C20UTEN = 1, the C20UT peripheral output must be configured to an available RPx pin. See

Section 11.6 “Peripheral Pin Select” for more information.

2: |If C10OUTEN = 1, the C10OUT peripheral output must be configured to an available RPx pin. See

Section 11.6 “Peripheral Pin Select” for more information.
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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.

RTCC Clock Domain

32.768 kHz Input | |
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RTCC Prescalers

| |
v 0.5s

RTCC Timer

Alarm

Event

Compare Registers H|
with Masks

|

||
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Repeat Counter H

|
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|

RTCC Interrupt Logic

—+—» RTCC Interrupt
™S

| Alarm Pulse

X

RTCC Pin

RTCOE
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REGISTER 25-6: RTCVAL (WHEN RTCPTR<1:0> = 01): WKDYHR: WEEKDAY AND HOURS VALUE
REGISTER(")

u-0 uU-0 uU-0 uU-0 uU-0 R/W-x R/W-x R/W-x
— - | - 1 =1 =1 WDAY<2:0>
bit 15 bit 8
uU-0 uU-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
— — HRTEN<1:0> HRONE<3:0>
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 15-11 Unimplemented: Read as ‘0’
bit 10-8 WDAY<2:0>: Binary Coded Decimal Value of Weekday Digit; contains a value from 0 to 6
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 HRTEN<1:0>: Binary Coded Decimal Value of Hour’s Tens Digit; contains a value from 0 to 2
bit 3-0 HRONE<3:0>: Binary Coded Decimal Value of Hour’s Ones Digit; contains a value from 0 to 9

Note 1: A write to this register is only allowed when RTCWREN = 1.

REGISTER 25-7: RTCVAL (WHEN RTCPTR<1:0> = 00): MINUTES AND SECONDS VALUE

REGISTER
uU-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
— MINTEN<2:0> | MINONE<3:0>
bit 15 bit 8
uU-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
— SECTEN<2:0> SECONE<3:0>
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 MINTEN<2:0>: Binary Coded Decimal Value of Minute’s Tens Digit; contains a value from 0 to 5
bit 11-8 MINONE<3:0>: Binary Coded Decimal Value of Minute’s Ones Digit; contains a value from 0 to 9
bit 7 Unimplemented: Read as ‘0’
bit 6-4 SECTEN<2:0>: Binary Coded Decimal Value of Second’s Tens Digit; contains a value from 0 to 5
bit 3-0 SECONE<3:0>: Binary Coded Decimal Value of Second’s Ones Digit; contains a value from 0 to 9

© 2007-2012 Microchip Technology Inc. DS70291G-page 317



dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04

27.0 PARALLEL MASTER PORT
(PMP)

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 35. “Parallel
Master Port (PMP)” (DS70299) 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.

The Parallel Master Port (PMP) module is a parallel
8-bit /0 module, specifically designed to
communicate with a wide variety of parallel devices,
such as communication peripherals, LCDs, external
memory devices and microcontrollers. Because the
interface to parallel peripherals varies significantly,
the PMP is highly configurable.

FIGURE 27-1: PMP MODULE OVERVIEW

Key features of the PMP module include:

Fully Multiplexed Address/Data Mode
- 16 bits of address

Demultiplexed or Partially Multiplexed Address/
Data mode:

- Up to 11 address lines with single Chip Select
- Up to 12 address lines without Chip Select
One Chip Select Line

Programmable Strobe Options:

- Individual Read and Write Strobes or;

- Read/Write Strobe with Enable Strobe
Address Auto-Increment/Auto-Decrement
Programmable Address/Data Multiplexing
Programmable Polarity on Control Signals
Legacy Parallel Slave Port Support
Enhanced Parallel Slave Support:

- Address Support

- 4-Byte Deep Auto-Incrementing Buffer
Programmable Wait States

Selectable Input Voltage Levels

PMA<0>

dsPIC33F PMALL

Parallel Master Port

PMA<1>
PMALH

Address Bus —
Data Bus ——

Control Lines _—

Up to 11-bit Address

PMA<14> 1)
PMA<10:2>

PMCS1

PMBE

PMRD
PMRD/PMWR

PMWR
PMENB

bk

PMD<7:0>

HE PMA<7:0> ]

» EEPROM

A

Microcontroller LCD

FIFO
Buffer

Lo

PMA<10:8>

Note 1: 28-pin devices do not have PMA<10:2>.

8-bit Data
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dsPIC33FJ32MC302/304, dsPIC33FJ64MCX02/X04 AND dsPIC33FJ128MCX02/X04

TABLE 29-2: INSTRUCTION SET OVERVIEW (CONTINUED)

Ilana;stf Iazz;n;ﬁlif: Assembly Syntax Description V\;f) S;s thc:tfas Stztflfl:cl:ézgs
66 RRNC RRNC f f = Rotate Right (No Carry) f 1 1 N,z
RRNC £, WREG WREG = Rotate Right (No Carry) f 1 1 N,z
RRNC Ws, Wd Wd = Rotate Right (No Carry) Ws 1 1 N,z
67 SAC SAC Acc, #81it4,Wdo Store Accumulator 1 1 None
SAC.R Acc, #81it4,Wdo Store Rounded Accumulator 1 1 None
68 SE SE Ws, Wnd Wnd = sign-extended Ws 1 1 CN,Zz
69 SETM SETM f f = OXFFFF 1 1 None
SETM WREG WREG = OxFFFF 1 1 None
SETM Ws Ws = OxFFFF 1 1 None
70 SFTAC SFTAC Acc, Wn Arithmetic Shift Accumulator by (Wn) 1 1 OA,OB,0AB,
SA,SB,SAB
SFTAC Acc, #S1it6 Arithmetic Shift Accumulator by Slit6 1 1 OA,OB,0AB,
SA,SB,SAB
71 SL SL £ f = Left Shift f 1 1 C,N,0v,Z2
SL £, WREG WREG = Left Shift f 1 1 C,N,0v,Z2
SL Ws, Wd Wd = Left Shift Ws 1 1 C,N,0Vv,Z2
SL Wb, Wns, Wnd Wnd = Left Shift Wb by Wns 1 1 N,Z
SL Wb, #1it5,Wnd Wnd = Left Shift Wb by lit5 1 1 N,Z
72 SUB SUB Acc Subtract Accumulators 1 1 OA,0B,0AB,
SA,SB,SAB
SUB £ f=f- WREG 1 1 C,DC,N,0Vv,Z
SUB f, WREG WREG =f- WREG 1 1 C,DC,N,0V,Z
SUB #1it10,Wn Wn =Wn —it10 1 1 C,DC,N,0V,Z
SUB Wb, Ws, Wd Wd = Wb — Ws 1 1 C,DC,N,0V,Z
SUB Wo, #1it5,wd Wd = Wb —[it5 1 1 C,DC,N,0V,Z
73 SUBB SUBB £ f=f— WREG - (C) 1 1 C,DC,N,0Vv,Z
SUBB £, WREG WREG = f - WREG — (C) 1 1 C,DC,N,0Vv,Z
SUBB #1it10,Wn Wn = Wn —it10 — (C) 1 1 C,DC,N,0V,Z
SUBB Wb, Ws, Wd Wd = Wb - Ws — (C) 1 1 C,DC,N,0V,Z
SUBB Wb, #1it5,Wd Wd = Wb — lit5 — (C) 1 1 C,DC,N,0V,Z
74 SUBR SUBR £ f=WREG - f 1 1 C,DC,N,0V,Z
SUBR £, WREG WREG = WREG - f 1 1 C,DC,N,0Vv,Z
SUBR Wb, Ws, Wd Wd = Ws - Wb 1 1 C,DC,N,0V,Z
SUBR Wb, #1it5,Wd Wd = lits — Wb 1 1 C,DC,N,0Vv,Z
75 SUBBR SUBBR £ f=WREG-f-(C) 1 1 C,DC,N,0V,Z
SUBBR £, WREG WREG = WREG - f— (C) 1 1 C,DC,N,0V,Z
SUBBR Wb, Ws, Wd Wd = Ws — Wb — (C) 1 1 C,DC,N,0Vv,Z
SUBBR Wb, #1it5,Wd Wd = lit5 - Wb — (C) 1 1 C,DC,N,0Vv,Z
76 SWAP SWAP.b  Wn Whn = nibble swap Wn 1 1 None
SWAP Wn Whn = byte swap Wn 1 1 None
77 TBLRDH TBLRDH Ws, Wd Read Prog<23:16> to Wd<7:0> 1 2 None
78 TBLRDL TBLRDL Ws, Wd Read Prog<15:0> to Wd 1 2 None
79 TBLWTH TBLWTH Ws, Wd Write Ws<7:0> to Prog<23:16> 1 2 None
80 TBLWTL TBLWTL Ws, Wd Write Ws to Prog<15:0> 1 2 None
81 ULNK ULNK Unlink Frame Pointer 1 1 None
82 XOR XOR £ f=f.XOR. WREG 1 1 N,Z
XOR £, WREG WREG = f .XOR. WREG 1 1 N,Z
XOR #1it10,Wn Wd = 1it10 .XOR. Wd 1 1 N,Z
XOR Wb, Ws, Wd Wd = Wb .XOR. Ws 1 1 N,Z
XOR Wb, #1it5,Wd Wd = Wb .XOR. lit5 1 1 N,Z
83 ZE ZE Ws, Wnd Wnd = Zero-extend Ws 1 1 C,ZN
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TABLE 31-7: DC CHARACTERISTICS: POWER-DOWN CURRENT (IPD)

DC CHARACTERISTICS

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

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

Par.:lTeter Typicalm Max Units Conditions
Power-Down Current (Ipp)2)
DC60d 24 68 UA -40°C
DC60a 28 87 UA +25°C

3.3V Base Power-Down Current(34)

DC60b 124 292 UA +85°C
DC60c 350 1000 UA +125°C
DC61d 8 13 A -40°C
DC61a 10 15 pA +25°C 33y | Watchdog Timer Current:
DC61b 12 20 LA +85°C ' Alwpt3:9)
DC61c 13 25 A +125°C

Note 1: IPD (Sleep) current is measured as follows:

» CPU core is off, oscillator is configured in EC mode and external clock active, OSC1 is driven with
external square wave from rail-to-rail (EC clock overshoot/undershoot < 250 mV required)

» CLKO is configured as an I/O input pin in the Configuration word

« All I/O pins are configured as inputs and pulled to Vss

* MCLR = VDD, WDT and FSCM are disabled, all peripheral modules are disabled (PMDx bits are all

‘1's)

* RTCC is disabled

* JTAG is disabled

2: Datain the “Typ” column is at 3.3V, +25°C unless otherwise stated.

3: The Watchdog Timer Current is the additional current consumed when the WDT module is enabled. This
current should be added to the base IPD current.

4: These currents are measured on the device containing the most memory in this family.
5: These parameters are characterized, but are not tested in manufacturing.
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FIGURE 31-10: MOTOR CONTROL PWM MODULE FAULT TIMING CHARACTERISTICS

- MP30 ' >

T ]
PWNMx ><

FIGURE 31-11: MOTOR CONTROL PWM MODULE TIMING CHARACTERISTICS

MP11 MP10

" a
-, <>, <

PWMx /\ A

Note: Refer to Figure 31-1 for load conditions.

TABLE 31-29: MOTOR CONTROL PWM MODULE 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
P‘:{:m Symbol Characteristic(!) Min Typ Max Units Conditions
MP10 | TFPWM PWM Output Fall Time — — — ns | See parameter DO32
MP11 TRPWM PWM Output Rise Time — — — ns See parameter DO31
TFD Fault Input {to PWM — — 50 ns —

MP20 I/O Change
MP30 |TFH Minimum Pulse Width 50 — — ns —

Note 1: These parameters are characterized but not tested in manufacturing.
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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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Revision E (January 2011)

This revision includes typographical and formatting
changes throughout the data sheet text. In addition, the

Preliminary marking in the footer was removed.

All instances of VDDCORE have been removed.

All other major changes are referenced by their

respective section in the following table.

TABLE A-4: MAJOR SECTION UPDATES

Section Name

Update Description

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

The high temperature end range was updated to +150°C (see
“Operating Range:”).

Section 2.0 “Guidelines for Getting Started
with 16-bit Digital Signal Controllers”

Updated the title of Section 2.3 “CPU Logic Filter Capacitor
Connection (VCAP)”.

The frequency limitation for device PLL start-up conditions was
updated in Section 2.7 “Oscillator Value Conditions on Device
Start-up”.

The second paragraph in Section 2.9 “Unused I/0s” was updated.

Section 4.0 “Memory Organization”

The All Resets values for the following SFRs in the Timer Register
Map were changed (see Table 4-5):

+ TMR1
*+ TMR2
*+ TMR3
+ TMR4
+ TMRS

Section 9.0 “Oscillator Configuration”

Added Note 3 to the OSCCON: Oscillator Control Register (see
Register 9-1).

Added Note 2 to the CLKDIV: Clock Divisor Register (see
Register 9-2).

Added Note 1 to the PLLFBD: PLL Feedback Divisor Register (see
Register 9-3).

Added Note 2 to the OSCTUN: FRC Oscillator Tuning Register (see
Register 9-4).

Added Note 1 to the ACLKCON: Auxiliary Control Register (see
Register 9-5).

Section 22.0 “10-bit/12-bit Analog-to-Digital
Converter (ADC1)”

Updated the VREFL references in the ADC1 module block diagrams
(see Figure 22-1 and Figure 22-2).

Section 28.0 “Special Features”

Added a new paragraph and removed the third paragraph in
Section 28.1 “Configuration Bits”.

Added the column “RTSP Effects” to the dsPIC33F Configuration
Bits Descriptions (see Table 28-2).
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