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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.
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dsPIC33FJXXXMCX06/X08/X10

High-Performance, 16-Bit Digital Signal Controllers

Operating Range:

» Up to 40 MIPS operation (at 3.0-3.6V):

- Industrial temperature range
(-40°C to +85°C)

High-Performance DSC CPU:

» Modified Harvard architecture

» C compiler optimized instruction set
» 16-bit wide data path

* 24-bit wide instructions

 Linear program memory addressing up to 4M
instruction words

 Linear data memory addressing up to 64 Kbytes
+ 83 base instructions: mostly 1 word/1 cycle
» Two 40-bit accumulators:
- With rounding and saturation options
» Flexible and powerful addressing modes:
- Indirect, Modulo and Bit-Reversed
+ Software stack
» 16 x 16 fractional/integer multiply operations
» 32/16 and 16/16 divide operations
» Single-cycle multiply and accumulate:
- Accumulator write back for DSP operations
- Dual data fetch
» Up to £16-bit shifts for up to 40-bit data

Direct Memory Access (DMA):

» 8-channel hardware DMA

» 2 Kbytes dual ported DMA buffer area
(DMA RAM) to store data transferred via DMA:

- Allows data transfer between RAM and a
peripheral while CPU is executing code
(no cycle stealing)

* Most peripherals support DMA

Interrupt Controller:

» 5-cycle latency

» Up to 67 available interrupt sources
» Up to five external interrupts

» Seven programmable priority levels
« Five processor exceptions

Digital 1/0:

Up to 85 programmable digital I/O pins
Wake-up/Interrupt-on-Change on up to 24 pins
Output pins can drive from 3.0V to 3.6V

All digital input pins are 5V tolerant

4 mA sink on all I/O pins

On-Chip Flash and SRAM:

Flash program memory, up to 256 Kbytes

Data SRAM, up to 30 Kbytes (includes 2 Kbytes
of DMA RAM)

System Management:

Flexible clock options:

- External, crystal, resonator, internal RC
- Fully integrated PLL

- Extremely low jitter PLL

Power-up Timer

Oscillator Start-up Timer/Stabilizer
Watchdog Timer with its own RC oscillator
Fail-Safe Clock Monitor

Reset by multiple sources

Power Management:

On-chip 2.5V voltage regulator
Switch between clock sources in real time
Idle, Sleep and Doze modes with fast wake-up

Timers/Capture/Compare/PWM:

Timer/Counters, up to nine 16-bit timers:
- Can pair up to make four 32-bit timers

- 1 timer runs as Real-Time Clock with external
32.768 kHz oscillator

- Programmable prescaler

Input Capture (up to eight channels):

- Capture on up, down or both edges

- 16-bit capture input functions

- 4-deep FIFO on each capture

Output Compare (up to eight channels):
- Single or Dual 16-Bit Compare mode
- 16-bit Glitchless PWM mode

© 2009 Microchip Technology Inc.
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Pin Diagrams

64-Pin TQFP

PWM3H/RE5

PWMA4L/RE6

PWM4H/RE7

SCK2/CN8/RG6

SDI2/CN9/RG7

SDO2/CN10/RG8

MCLR

SS2/CN11/RG9

Vss

VDD

ANS5/QEB/IC8/CN7/RB5

AN4/QEA/IC7/CN6/RB4

AN3/INDX/CN5/RB3

AN2/SS1/CN4/RB2
PGEC3/AN1/VREF-/CN3/RB1
PGED3/ANO/VREF+/CN2/RBO

Aonnonooannnl

OC8/UPDN/CN16/RD7
OC7/CN15/RD6
OCB6/IC6/CN14/RD5
OC5/IC5/CN13/RD4

C1TX/RF1
C1RX/RFO
OC4/RD3
OC3/RD2
OC2/RD1

m\lc')(n-bwl\)—\o

a4 a2 A a2 ©
o ah WN = O

64— PWM3L/RE4

63— PWM2H/RE3
62— PWM2L/RE2
61— PWM1H/RE1
60— PWM1L/REO

56— VCAP/VDDCORE

57—VDD

59
58

dsPIC33FJ128MC506
dsPIC33FJ64MC506

dsPIC33FJ128MC706
dsPIC33FJ64MC706

PGEC1/AN6/OCFA/RB6 T—17

PGED1/AN7/RB7

—118
AVDD 19
AVss 20

U2CTS/AN8/RB8 —21

Vss 25
VDD 26

AN9/RB9 /22
TCK/AN12/RB12 27

TMS/AN10/RB10 23
TDI/AN13/RB13 —28

TDO/AN11/RB11 24

U2RTS/AN14/RB14 /29

AN15/0CFB/CN12/RB15 =30
U2RX/SDA2/CN17/RF4

U2TX/SCL2/CN18/RF5

M = Pins are up to 5V tolerant

PGEC2/SOSCO/T1CK/ICNO/RC14
PGED2/SOSCITACK/CN1/RC13
OC1/RDO

IC4/INT4/RD11

IC3/INT3/RD10
IC2/U1CTS/FLTB/INT2/RD9
IC1/FLTA/INT1/RD8

Vss

OSC2/CLKO/RC15
OSC1/CLKIN/RC12

VDD

SCL1/RG2

SDA1/RG3
UTRTS/SCK1/INTO/RF6
U1RX/SDI1/RF2
U1TX/SDO1/RF3

DS70287C-page 4

© 2009 Microchip Technology Inc.



dsPIC33FJXXXMCX06/X08/X10

2.5 ICSP Pins

The PGECx and PGEDx pins are used for In-Circuit
Serial Programming™ (ICSP™) and debugging pur-
poses. It is recommended to keep the trace length
between the ICSP connector and the ICSP pins on the
device as short as possible. If the ICSP connector is
expected to experience an ESD event, a series resistor
is recommended, with the value in the range of a few
tens of Ohms, not to exceed 100 Ohms.

Pull-up resistors, series diodes, and capacitors on the
PGECx and PGEDx pins are not recommended as they
will interfere with the programmer/debugger communi-
cations to the device. If such discrete components are
an application requirement, they should be removed
from the circuit during programming and debugging.
Alternatively, refer to the AC/DC characteristics and
timing requirements information in the respective
device Flash programming specification for information
on capacitive loading limits and pin input voltage high
(VIH) and input low (VIL) requirements.

Ensure that the “Communication Channel Select’ (i.e.,
PGECx/PGEDx pins) programmed into the device
matches the physical connections for the ICSP to
MPLAB® ICD 2, MPLAB ICD 3 or MPLAB REAL ICE™.

For more information on ICD 2, ICD 3 and REAL ICE
connection requirements, refer to the following
documents that are available on the Microchip website.

« “MPLAB® ICD 2 In-Circuit Debugger User’s
Guide” DS51331

» “Using MPLAB® ICD 2” (poster) DS51265

« “MPLAB® ICD 2 Design Advisory” DS51566

« “Using MPLAB® ICD 3 In-Circuit Debugger”
(poster) DS51765

« “MPLAB® ICD 3 Design Advisory” DS51764

+ “MPLAB® REAL ICE™ In-Circuit Emulator User’s
Guide” DS51616

« “Using MPLAB® REAL ICE™” (poster) DS51749

2.6 External Oscillator Pins

Many DSCs have options for at least two oscillators: a
high-frequency primary oscillator and a low-frequency
secondary oscillator (refer to Section 9.0 “Oscillator
Configuration” for details).

The oscillator circuit should be placed on the same
side of the board as the device. Also, place the
oscillator circuit close to the respective oscillator pins,
not exceeding one-half inch (12 mm) distance
between them. The load capacitors should be placed
next to the oscillator itself, on the same side of the
board. Use a grounded copper pour around the
oscillator circuit to isolate them from surrounding
circuits. The grounded copper pour should be routed
directly to the MCU ground. Do not run any signal
traces or power traces inside the ground pour. Also, if
using a two-sided board, avoid any traces on the
other side of the board where the crystal is placed. A
suggested layout is shown in Figure 2-3.

FIGURE 2-3: SUGGESTED PLACEMENT
OF THE OSCILLATOR
CIRCUIT

Main Oscillator

Guard Ring

Guard Trace

Secondary
Oscillator

© 2009 Microchip Technology Inc.
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FIGURE 3-2: dsPIC33FJXXXMCX06/X08/X10 PROGRAMMER’S MODEL
D15 DO
WOMREG A "B .o < shode )
| - PUSH. S Shadow |
W1
| I:l DO Shadow |
W2
Lo 4
W3 Legend
—
W4
DSP Operand w5
Regist
egisters W6
W7
} Working Registers
w8
W9
DSP Address S5
Registers W10
W11
~—
W12/DSP Offset
W13/DSP Write Back
W14/Frame Pointer
W15/Stack Pointer /
SPLIM ‘ Stack Pointer Limit Register
AD39 AD31 AD15 ADO
DSP AccA
Accumulators AccB
PC22 PCO
‘ | 0 | Program Counter
7 0
| TBLPAG | Data Table Page Address
7 0
| PSVPAG | Program Space Visibility Page Address
15 0
| RCOUNT | REPEAT Loop Counter
15 0
| DCOUNT |'| DO Loop Counter
22 0
| DOSTART n DO Loop Start Address
22
| DOEND H DO Loop End Address
[
15 0
| CORCON | Core Configuration Register
| 0A| 0B | sA | sB |oAB[sAB| DA | DC F IPL2|IPL1[IPLO| RA| N [0V | Z | C | STATUS Register
< SRH > < SRL >
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FIGURE 4-3: DATA MEMORY MAP FOR dsPIC33FJXXXMCX06/X08/X10 DEVICES WITH 8 KBS
RAM
MSB LSB
Address 16 bits Address
-
MSB LSB
— 0x0001 ' 0x0000
2 Kbyte SFR Space
SFR Space | OxO7EE | 0x07FE
— 0x0801 | 0x0800
| 8 Kbyte
X Data RAM (X) | Near
' Data
| Space
8 Kbyte Ox17FF | 0x17FE
SRAM Space 0x1801 | 0x1800
Y Data RAM (Y)
Ox1FFF . Ox1FFE
0x2001 ! 0x2000 —
DMA RAM
L OX27FF | 0x27FE
0x2801 | 0x2800
|
|
ox8001 | _ _ _ _ _ S 0x8000
|
|
|
|
X Data
Optionally Unimplemented (X)
Mapped |
into Program |
Memory |
|
|
|
OXFFFF | OxFFFE
|
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TABLE 4-5: INTERRUPT CONTROLLER REGISTER MAP

Ni':se Ascli::r Bit15 | Bit14 | Bit13 | Bit12 Bit11 | Bit10 | Bit9 | Bit8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 | Bito | :;'('ets
INTCON1 | 0080 |NSTDIS | OVAERR | OVBERR | COVAERR | COVBERR | OVATE | OVBTE | COVTE | SFTACERR | DIVOERR | DMACERR | MATHERR | ADDRERR | STKERR | OSCFAIL| — | o000
INTCON2 | 0082 | ALTIVT | DISI _ _ _ _ _ _ _ _ _ INT4EP | INT3EP | INT2EP | INT1EP | INTOEP | 0000
IFSO 0084 | — | DMATIF| AD1IF | UITXIF | UTRXIF | SPIIF |SPHEIF| T3IF T2IF OC2IF | ICc2F | DMAOIF | T1IF OC1IF | IC1F | INTOIF | 0000
IFS1 0086 | U2TXIF | U2RXIF | INT2IF | T5IF T4IF | OC4IF | OC3IF | DMA2IF |  IC8IF IC7IF | AD2IF | INT1IF CNIF — | mizc1iF [ si2ctiF | o000
IFS2 0088 | T6IF | DMA4IF | — OC8IF | oc7IF | ocelF | ocsIF | IceIF IC5IF IC4IF IC3IF | DMA3IF | C1IF | CIRXIF | SPI2IF |SPI2EIF | 0000
IFS3 008A | FLTAIF | — | DMASIF — — QEIF | PWMIF | C2IF | C2RXIF | INT4IF | INT3IF TOIF T8IF | MI2C2IF | SI2C2IF | T7IF | oooo
IFS4 oosC | — _ _ _ _ _ _ _ C2TXIF | C1TXIF | DMA7IF | DMAGIF _ U2EIF | U1EIF | FLTBIF | oooo
IECO 0094 | — |DMA1E| ADIE | UITXIE | UTRXIE | SPHMIE |SPHEIE| T3IE T2IE OC2IE | IC2E | DMAOE | TIE OC1IE | IC1E | INTOIE | oooo
IECT 0096 | U2TXIE | U2RXIE | INT2IE | TSIE T4E | OC4IE | OC3IE | DMA2IE | ICBIE IC7TIE | AD2IE | INT1E CNIE — | mi2c1iE | si2c1iE | 0000
IEC2 0098 | TGIE | DMA4E | — OC8IE | OC7IE | OCBIE | OC5IE | IC6IE IC5IE IC4IE IC3E | DMA3IE | C1IE | CIRXIE | SPI2IE |SPI2EIE| 0000
IEC3 009A |FLTAE| — |DMASE| — — QEIE |PWMIE| C2IE | C2RXIE | INT4E | INT3IE TOIE TSIE | MI2C2IE | SI2C2IE | T7IE | oooo
IEC4 oooc | — _ _ _ _ _ _ _ C2TXIE | C1TXIE | DMAT7IE | DMABIE _ U2EIE | U1EIE | FLTBIE | 0000
IPCO 00A4 | — T1IP<2:0> _ 0C1IP<2:0> _ IC11P<2:0> _ INTOIP<2:0> 4444
IPC1 00A6 | — T2IP<2:0> _ 0C2IP<2:0> _ IC2IP<2:0> _ DMAOIP<2:0> 4444
IPC2 00A8 | — U1RXIP<2:0> _ SPIIP<2:0> _ SPIEIP<2:0> _ T3IP<2:0> 4444
IPC3 00AA | — — | = T = _ DMAT1IP<2:0> _ AD1IP<2:0> _ U1TXIP<2:0> 0444
IPC4 00AC | — CNIP<2:0> _ — | =T = _ MI2C1IP<2:0> _ SI2C1IP<2:0> 4044
IPC5 00AE | — IC8IP<2:0> _ IC7IP<2:0> _ AD2IP<2:0> _ INT1IP<2:0> 4444
IPC6 00B0 | — T4IP<2:0> _ 0C4IP<2:0> _ 0C3IP<2:0> _ DMA2IP<2:0> 4444
IPC7 00B2 | — U2TXIP<2:0> _ U2RXIP<2:0> _ INT2IP<2:0> _ T5IP<2:0> 4444
IPC8 00B4 | — C1IP<2:0> _ C1RXIP<2:0> _ SPI2IP<2:0> _ SPI2EIP<2:0> 4444
IPC9 00B6 | — IC5IP<2:0> _ IC4IP<2:0> _ IC3IP<2:0> _ DMA3IP<2:0> 4444
IPC10 00B8 | — 0C7IP<2:0> _ 0C6IP<2:0> _ 0C5IP<2:0> _ IC6IP<2:0> 4444
IPC11 00BA | — T6IP<2:0> _ DMA4IP<2:0> _ _ _ —_ _ 0C8IP<2:0> 4404
IPC12 00BC | — T8IP<2:0> _ MI2C2IP<2:0> _ SI2C2IP<2:0> _ T7IP<2:0> 4444
IPC13 00BE | — C2RXIP<2:0> — INT4IP<2:0> — INT3IP<2:0> — TOIP<2:0> 4444
IPC14 o0co | — — | = 0 = — QEIIP<2:0> —_ PWMIP<2:0> —_ C2IP<2:0> 0444
IPC15 ooc2 | — FLTAIP<2:0> _ — -1 = _ DMAS5IP<2:0> —_ — | — T = ] 4040
IPC16 ooca | — — | = 0 = _ U2EIP<2:0> _ U1EIP<2:0> —_ FLTBIP<2:0> 0444
IPC17 00C6 | — C2TXIP<2:0> _ C1TXIP<2:0> _ DMA7IP<2:0> —_ DMA6IP<2:0> 4444
INTTREG | 00E0 | — — [ = I = ILR<3:0> — VECNUM<6:0> 0000
Legend: x = unknown value on Reset, — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.

0L X/80X/90XDINXXXI4E€EDIdSP
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427 SOFTWARE STACK

In addition to its use as a working register, the W15
register in the dsPIC33FJXXXMCX06/X08/X10
devices is also used as a software Stack Pointer. The
Stack Pointer always points to the first available free
word and grows from lower to higher addresses. It
pre-decrements for stack pops and post-increments for
stack pushes, as shown in Figure 4-6. For a PC push
during any CALL instruction, the MSb of the PC is
zero-extended before the push, ensuring that the MSb
is always clear.

Note: A PC push during exception processing
concatenates the SRL register to the MSb
of the PC prior to the push.

The Stack Pointer Limit register (SPLIM) associated
with the Stack Pointer sets an upper address boundary
for the stack. SPLIM is uninitialized at Reset. As is the
case for the Stack Pointer, SPLIM<0> is forced to ‘0’
because all stack operations must be word-aligned.
Whenever an EA is generated using W15 as a source
or destination pointer, the resulting address is
compared with the value in SPLIM. If the contents of
the Stack Pointer (W15) and the SPLIM register are
equal and a push operation is performed, a stack error
trap will not occur. The stack error trap will occur on a
subsequent push operation. Thus, for example, if it is
desirable to cause a stack error trap when the stack
grows beyond address 0x2000 in RAM, initialize the
SPLIM with the value Ox1FFE.

Similarly, a Stack Pointer underflow (stack error) trap is
generated when the Stack Pointer address is found to
be less than 0x0800. This prevents the stack from
interfering with the Special Function Register (SFR)
space.

A write to the SPLIM register should not be immediately
followed by an indirect read operation using W15.

FIGURE 4-6: caLL STACK FRAME

0x0000 15 0

PC<15:0> -« W15 (before CALL)
000000000( PC<22:16>
<Free Word>

-« W15 (after CALL)

Stack Grows Towards
Higher Address

-
-

POP : [--W15]
PUSH : [W15++]

4.2.8 DATA RAM PROTECTION FEATURE

The dsPIC33FJXXXMCX06/X08/X10 devices supports
Data RAM protection features which enable segments
of RAM to be protected when used in conjunction with
Boot and Secure Code Segment Security. BSRAM
(Secure RAM segment for BS) is accessible only from
the Boot Segment Flash code when enabled. SSRAM
(Secure RAM segment for RAM) is accessible only
from the Secure Segment Flash code when enabled.
See Table 4-1 for an overview of the BSRAM and
SSRAM SFRs.

4.3 Instruction Addressing Modes

The addressing modes in Table 4-36 form the basis of
the addressing modes optimized to support the specific
features of individual instructions. The addressing
modes provided in the MAC class of instructions are
somewhat different from those in the other instruction
types.

4.3.1 FILE REGISTER INSTRUCTIONS

Most file register instructions use a 13-bit address field
(f) to directly address data present in the first 8192
bytes of data memory (Near Data Space). Most file
register instructions employ a working register, WO,
which is denoted as WREG in these instructions. The
destination is typically either the same file register or
WREG (with the exception of the MUL instruction),
which writes the result to a register or register pair. The
MOV instruction allows additional flexibility and can
access the entire data space.

432 MCU INSTRUCTIONS

The 3-operand MCU instructions are of the following
form:

Operand 3 = Operand 1 <function> Operand 2

where Operand 1 is always a working register (i.e., the
addressing mode can only be register direct) which is
referred to as Wb. Operand 2 can be a W register
fetched from data memory or a 5-bit literal. The result
location can be either a W register or a data memory
location. The following addressing modes are
supported by MCU instructions:

* Register Direct

* Register Indirect

» Register Indirect Post-Modified
» Register Indirect Pre-Modified
« 5-bit or 10-bit Literal

Note: Not all instructions support all the
addressing modes given above. Individual
instructions may support different subsets

of these addressing modes.

© 2009 Microchip Technology Inc.
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can operate on any W register pointer. However, it is not
advisable to use W14 or W15 for Modulo Addressing,
since these two registers are used as the Stack Frame
Pointer and Stack Pointer, respectively.

In general, any particular circular buffer can only be
configured to operate in one direction, as there are
certain restrictions on the buffer start address (for incre-
menting buffers) or end address (for decrementing buf-
fers), based upon the direction of the buffer.

The only exception to the usage restrictions is for
buffers which have a power-of-2 length. As these
buffers satisfy the start and end address criteria, they
may operate in a bidirectional mode (i.e., address
boundary checks will be performed on both the lower
and upper address boundaries).

4.4.1 START AND END ADDRESS

The Modulo Addressing scheme requires that a starting
and ending address be specified and loaded into the
16-bit Modulo Buffer Address registers: XMODSRT,

The length of a circular buffer is not directly specified. It
is determined by the difference between the
corresponding start and end addresses. The maximum
possible length of the circular buffer is 32K words
(64 Kbytes).
442 W ADDRESS REGISTER
SELECTION

The Modulo and Bit-Reversed Addressing Control
register, MODCON<15:0>, contains enable flags as well
as a W register field to specify the W Address registers.
The XWM and YWM fields select which registers will
operate with Modulo Addressing. If XWM = 15, X RAGU
and X WAGU Modulo Addressing is disabled. Similarly, if
YWM =15, Y AGU Modulo Addressing is disabled.

The X Address Space Pointer W register (XWM) to
which Modulo Addressing is to be applied is stored in
MODCON<3:0> (see Table 4-1). Modulo Addressing is
enabled for X data space when XWM is set to any value
other than ‘15’ and the XMODEN bit is set at
MODCON<15>.

XMODEND, YMODSRT and YMODEND (see
Table 4-1). The Y Address Space Pointer W register (YWM) to
Note: Y space Modulo Addressing EA calcula- Kv/lrg(glcl\(/)l(’)\ld<u7lc?4édc,\ige(sjs:ng A'Z(}O be. applled |sb|st‘cj)r]<cad '\?
tions assume word sized data (LSb of == Vlocu'o ressing 1s enabed for
every EA is always clear) data space when YWM is set to any value other than
- ‘15’ and the YMODEN bit is set at MODCON<14>.
FIGURE 4-7: MODULO ADDRESSING OPERATION EXAMPLE
Byte
Addl'eSS MOV #OxllOO, WO
MOV W0, XMODSRT ;set modulo start address
MOV #0x1163, WO
MOV WO, MODEND ;set modulo end address
0x1100 MOV #0x8001, WO
MOV W0, MODCON ;enable W1, X AGU for modulo
MOV #0x0000, WO ;WO holds buffer fill value
MOV #0x1110, W1 ;point Wl to buffer
DO AGAIN, #0x31 ;£i11 the 50 buffer locations
MOV WO, [Wl++] ;£i11 the next location
AGAIN: INC WO, WO ;increment the fill value
0x1163

Start Addr = 0x1100
End Addr = 0x1163
Length = 0x0032 words

© 2009 Microchip Technology Inc.
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REGISTER 7-7: IFS2: INTERRUPT FLAG STATUS REGISTER 2 (CONTINUED)

bit 2 C1RXIF: ECAN1 Receive Data Ready Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 1 SPI2IF: SPI2 Event Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 0 SPI2EIF: SPI2 Error Interrupt Flag Status bit

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

© 2009 Microchip Technology Inc. DS70287C-page 99
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REGISTER 7-8: IFS3: INTERRUPT FLAG STATUS REGISTER 3 (CONTINUED)

bit 1 SI2C2IF: 12C2 Slave Events Interrupt Flag Status bit

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

bit 0 T7IF: Timer7 Interrupt Flag Status bit

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

© 2009 Microchip Technology Inc. DS70287C-page 101
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REGISTER 7-11:

IEC1: INTERRUPT ENABLE CONTROL 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
U2TXIE U2RXIE INT2IE T5IE T4IE OC4IE OC3IE DMA2IE
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0
IC8IE IC7IE AD2IE INT1IE CNIE — MI2C1IE SI2C1IE
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

bit 13

bit 12

bit 11

bit 10

bit 9

bit 8

bit 7

bit 6

bit 5

bit 4

U2TXIE: UART2 Transmitter Interrupt Enable bit

1 = Interrupt request enabled

0 = Interrupt request not enabled

U2RXIE: UART2 Receiver Interrupt Enable bit

1 = Interrupt request enabled

0 = Interrupt request not enabled

INT2IE: External Interrupt 2 Enable bit

1 = Interrupt request enabled

0 = Interrupt request not enabled

TS5IE: Timer5 Interrupt Enable bit

1 = Interrupt request enabled

0 = Interrupt request not enabled

T4IE: Timer4 Interrupt Enable bit

1 = Interrupt request enabled

0 = Interrupt request not enabled

OCA4IE: Output Compare Channel 4 Interrupt Enable bit
1 = Interrupt request enabled

0 = Interrupt request not enabled

OC3IE: Output Compare Channel 3 Interrupt Enable bit
1 = Interrupt request enabled

0 = Interrupt request not enabled

DMA2IE: DMA Channel 2 Data Transfer Complete Interrupt Enable bit
1 = Interrupt request enabled

0 = Interrupt request not enabled

IC8IE: Input Capture Channel 8 Interrupt Enable bit

1 = Interrupt request enabled

0 = Interrupt request not enabled

IC7IE: Input Capture Channel 7 Interrupt Enable bit

1 = Interrupt request enabled

0 = Interrupt request not enabled

AD2IE: ADC2 Conversion Complete Interrupt Enable bit
1 = Interrupt request enabled

0 = Interrupt request not enabled

INT1IE: External Interrupt 1 Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled
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REGISTER 7-22: IPC7: INTERRUPT PRIORITY CONTROL REGISTER 7

uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— U2TXIP<2:0> — U2RXIP<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
— INT2IP<2:0> — T51P<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 U2TXIP<2:0>: UART2 Transmitter 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 U2RXIP<2:0>: UART2 Receiver 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 INT2IP<2:0>: External Interrupt 2 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 T5IP<2:0>: Timer5 Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
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REGISTER 7-26: IPC11: INTERRUPT PRIORITY CONTROL REGISTER 11

uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— T6IP<2:0> — DMA4IP<2:0>
bit 15 bit 8
uU-0 uU-0 uU-0 uU-0 uU-0 R/W-1 R/W-0 R/W-0
— — — — — OC8IP<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 T61P<2:0>: Timer6 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 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 7-3 Unimplemented: Read as ‘0’
bit 2-0 0OC8IP<2:0>: Output Compare Channel 8 Interrupt Priority bits

111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
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REGISTER 9-1: OSCCON: OSCILLATOR CONTROL REGISTER(") (CONTINUED)

bit 1 LPOSCEN: Secondary (LP) Oscillator Enable bit
1 = Enable secondary oscillator
0 = Disable secondary oscillator

bit 0 OSWEN: Oscillator Switch Enable bit

1 = Request oscillator switch to selection specified by NOSC<2:0> bits
0 = Oscillator switch is complete

Note 1: Writes to this register require an unlock sequence. Refer to Section 7. “Oscillator” (DS70186) in the
“dsPIC33F Family Reference Manual” (available from the Microchip website) for details.

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 transition clock source between the two PLL modes.
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14.0

Note:

INPUT CAPTURE

This data sheet summarizes the features
of the dsPIC33FJXXXMCX06/X08/X10
family of devices. However, it is not
intended to be a comprehensive reference
source. To complement the information in
this data sheet, refer to Section 12.
“Input Capture” (DS70198) in the
“dsPIC33F Family Reference Manual’,
which is available from the Microchip web
site (www.microchip.com).

The input capture module is useful in applications
requiring frequency (period) and pulse measurement.
The dsPIC33FJXXXMCX06/X08/X10 devices support
up to eight input capture channels.

The input capture module captures the 16-bit value of
the selected Time Base register when an event occurs
at the ICx pin. The events that cause a capture event
are listed below in three categories:

1. Simple Capture Event modes
-Capture timer value on every falling edge of

2. Capture timer value on every edge (rising and
falling) of input at ICx pin
Prescaler Capture Event modes
-Capture timer value on every 4th rising edge
of input at ICx pin
-Capture timer value on every 16th rising
edge of input at ICx pin

Each input capture channel can select between one of
two 16-bit timers (Timer2 or Timer3) for the time base.
The selected timer can use either an internal or
external clock.

Other operational features include the following:

» Device wake-up from capture pin during CPU
Sleep and Idle modes

* Interrupt on input capture event

» 4-word FIFO buffer for capture values
- Interrupt optionally generated after 1, 2, 3 or

4 buffer locations are filled

* Input capture can also be used to provide

additional sources of external interrupts

’ h Note: Only IC1 and IC2 can trigger a DMA data
input at I_CX pin o transfer. If DMA data transfers are
-Capture timer value on every rising edge of required, the FIFO buffer size must be set
input at ICx pin to ‘1’ (ICI<1:0> = 00).
FIGURE 14-1: INPUT CAPTURE BLOCK DIAGRAM
From 16-bit Timers
TMRy TMRz
16 16
ICTMR
- . (ICXCON<7>)
Prescaler § Edge Detection Logic 1 FIFO
»  Counter > and > R/W
(1,4, 16) Clock Synchronizer Logic
ICx Pin A L
ICM<2:0> (ICxCON<2:0>) L S T
3 Mode Seleect | | | | | - - - — — — 7 8
ICOV, ICBNE (ICXCON<4:3>) o T T T T Tk
ICxBUF
¥ ICxI<1:0> V v | |
I Interrupt
ICxCON ‘ Logic
System Bus \J
Set Flag ICxIF
(in IFSn Register)
Note: An ‘X’ in a signal, register or bit name denotes the number of the capture channel.
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REGISTER 20-2: UxSTA: UARTx STATUS AND CONTROL REGISTER (CONTINUED)

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

ADDEN: Address Character Detect bit (bit 8 of received data = 1)

1 = Address Detect mode enabled. If 9-bit mode is not selected, this does not take effect

0 = Address Detect mode disabled

RIDLE: Receiver Idle bit (read-only)

1 = Receiver is Idle

0 = Receiver is active

PERR: Parity Error Status bit (read-only)

1 = Parity error has been detected for the current character (character at the top of the receive FIFO)

0 = Parity error has not been detected

FERR: Framing Error Status bit (read-only)

1 = Framing error has been detected for the current character (character at the top of the receive
FIFO)

0 = Framing error has not been detected

OERR: Receive Buffer Overrun Error Status bit (read/clear only)

1 = Receive buffer has overflowed

0 = Receive buffer has not overflowed. Clearing a previously set OERR bit (1 — 0 transition) will reset
the receiver buffer and the UXxRSR to the empty state

URXDA: Receive Buffer Data Available bit (read-only)

1 = Receive buffer has data, at least one more character can be read
0 = Receive buffer is empty

Note 1: Refer to Section 17. “UART” (DS70188) in the “dsPIC33F Family Reference Manual” for information on

enabling the UART module for transmit operation.
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REGISTER 21-3: CiVEC: ECAN™ INTERRUPT CODE REGISTER

U-0 U-0 U-0 R-0 R-0 R-0 R-0 R-0
_ — — FILHIT<4:0>
bit 15 bit 8
U-0 R-1 R-0 R-0 R-0 R-0 R-0 R-0
— ICODE<6:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 15-13 Unimplemented: Read as ‘0’
bit 12-8 FILHIT<4:0>: Filter Hit Number bits

10000-11111 = Reserved
01111 = Filter 15

00001 = Filter 1
00000 = Filter 0

bit 7 Unimplemented: Read as ‘0’

bit 6-0 ICODE<6:0>: Interrupt Flag Code bits
1000101-1111111 = Reserved
1000100 = FIFO almost full interrupt
1000011 = Receiver overflow interrupt
1000010 = Wake-up interrupt
1000001 = Error interrupt
1000000 = No interrupt

0010000-0111111 = Reserved
0001111 = RB15 buffer Interrupt

0001001 = RB9 buffer interrupt

0001000 = RB8 buffer interrupt

0000111 = TRBY buffer interrupt
0000110 = TRB6 buffer interrupt
0000101 = TRB5 buffer interrupt
0000100 = TRB4 buffer interrupt
0000011 = TRB3 buffer interrupt
0000010 = TRB2 buffer interrupt
0000001 = TRB1 buffer interrupt
0000000 = TRBO Buffer interrupt
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REGISTER 22-1: ADxCON1: ADCx CONTROL REGISTER 1 (where x =1 or 2)

R/W-0 uU-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0
ADON — ADSIDL | ADDMABM — | Ap12B | FORM<1:0>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/C-0
HC,HS HC, HS
SSRC<2:0> — SIMSAM ASAM SAMP DONE
bit 7 bit 0
Legend: HC = Cleared by hardware ~ HS = Set by hardware
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 ADON: ADC Operating Mode bit
1 = ADC module is operating
0= ADC is off
bit 14 Unimplemented: Read as ‘0’
bit 13 ADSIDL: Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
bit 12 ADDMABM: DMA Buffer Build Mode bit
1 = DMA buffers are written in the order of conversion. The module will provide an address to the DMA
channel that is the same as the address used for the non-DMA stand-alone buffer
0 = DMA buffers are written in Scatter/Gather mode. The module will provide a scatter/gather address
to the DMA channel, based on the index of the analog input and the size of the DMA buffer
bit 11 Unimplemented: Read as ‘0’
bit 10 AD12B: 10-Bit or 12-Bit Operation Mode bit
1 = 12-bit, 1-channel ADC operation
0 = 10-bit, 4-channel ADC operation
bit 9-8 FORM<1:0>: Data Output Format bits
For 10-bit operation:
11 = Signed fractional (DOUT = sddd dddd d4do0 0000, where s = .NOT.d<9>)
10 = Fractional (DOUT = dddd dddd 4doo 0000)
01 = Signed integer (DOUT = ssss sssd dddd dddd, where s = .NOT.d<9>)
00 = Integer (DOUT = 0000 00dd dddd dddd)
For 12-bit operation:
11 = Signed fractional (DOUT = sddd dddd dddd 0000, where s = .NOT.d<11>)
10 = Fractional (DOUT = dddd dddd dddd 0000)
01 = Signed Integer (DOUT = ssss sddd dddd dddd, where s = .NOT.d<11>)
00 = Integer (DOUT = 0000 dddd dddd dddd)
bit 7-5 SSRC<2:0>: Sample Clock Source Select bits
111 = Internal counter ends sampling and starts conversion (auto-convert)
110 = Reserved
101 = Reserved
100 = Reserved
011 = MPWM interval ends sampling and starts conversion
010 = GP timer (Timer3 for ADC1, Timer5 for ADC2) compare ends sampling and starts conversion
001 = Active transition on INTO pin ends sampling and starts conversion
000 = Clearing sample bit ends sampling and starts conversion
bit 4 Unimplemented: Read as ‘0’
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TABLE 26-7:

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

Par:lr‘r:eter TypicaI“) Max Units Conditions
Power-Down Current (Ipp)?)
DC60d 55 500 HA -40°C
DC60a 21 500 A +25°C 3.3V Base Power-Down Current(34)
DC60b 244 500 HA +85°C
DC61d 8 13 HA -40°C
DC61a 10 15 uA +25°C 3.3V | Watchdog Timer Current: Alwpt{3)
DC61b 12 20 HA +85°C
Note 1: Data in the Typical column is at 3.3V, 25°C unless otherwise stated.

2: Base IPD is measured with all peripherals and clocks shut down. All I/Os are configured as inputs and
pulled to Vss. WDT, etc., are all switched off and VREGS (RCON<8>) = 1.

3: The A current is the additional current consumed when the 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.

TABLE 26-8:

DC CHARACTERISTICS: DOZE CURRENT (IpozE)

Standard Operating Conditions: 3.0V to 3.6V
DC CHARACTERISTICS (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for Industrial
Par;rgeter Typical(" Max Doze Ratio Units Conditions
DC73a 11 35 1:2 mA
DC73f 11 30 1:64 mA -40°C 3.3V 40 MIPS
DC73g 11 30 1:128 mA
DC70a 42 50 1:2 mA
DC70f 26 30 1:64 mA +25°C 3.3V 40 MIPS
DC70g 25 30 1:128 mA
DC71a 41 50 1:2 mA
DC71f 25 30 1:64 mA +85°C 3.3V 40 MIPS
DC71g 24 30 1:128 mA
Note 1: Data in the Typical column is at 3.3V, 25°C unless otherwise stated.
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FIGURE 26-5: TIMER1, 2,3,4,5,6,7,8 AND 9 EXTERNAL CLOCK TIMING CHARACTERISTICS
' I
| |
TXCK | | |
|
<—Tx‘|0—>! T —

Tx15 > Tx20—»

TMRx X1

Note: Refer to Figure 26-1 for load conditions.

TABLE 26-22: TIMER1 EXTERNAL CLOCK TIMING REQUIREMENTS(")

Standard Operating Conditions: 3.0V to 3.6V
AC CHARACTERISTICS (unless otherwise stated)
Operating temperature  -40°C < TA < +85°C for Industrial

Pilroam Symbol Characteristic Min Typ Max | Units Conditions
TA10 TTXH TxCK High Time |Synchronous, |0.5Tcy+20| — — ns | Must also meet
no prescaler parameter TA15
Synchronous, 10 — — ns
with prescaler
Asynchronous 10 — — ns
TANM TTXL TxCK Low Time Synchronous, |0.5Tcy +20| — — ns |Must also meet
no prescaler parameter TA15
Synchronous, 10 — — ns
with prescaler
Asynchronous 10 — — ns
TA15 TTXP TxCK Input Period | Synchronous, Tcy + 40 — — ns —
no prescaler
Synchronous, Greater of: — — — | N = prescale
with prescaler 20 nsor value
(Tcy + 40)/N (1, 8, 64, 256)
Asynchronous 20 — — ns —
0S60 Ft1 SOSC1/T1CK Oscillator Input DC — 50 kHz —
frequency Range (oscillator enabled
by setting bit TCS (T1CON<1>))
TA20 TCKEXTMRL | Delay from External TxCK Clock 0.5 Tey — [15Tcy| — —
Edge to Timer Increment

Note 1: Timer1 is a Type A.
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