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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR WAR-
RANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED,
WRITTEN OR ORAL, STATUTORY OR OTHERWISE,
RELATED TO THE INFORMATION, INCLUDING BUT NOT
LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE,
MERCHANTABILITY OR FITNESS FOR PURPOSE.
Microchip disclaims all liability arising from this information and
its use. Use of Microchip devices in life support and/or safety
applications is entirely at the buyer’s risk, and the buyer agrees
to defend, indemnify and hold harmless Microchip from any and
all damages, claims, suits, or expenses resulting from such
use. No licenses are conveyed, implicitly or otherwise, under
any Microchip intellectual property rights.
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MICROCHIP

dsPIC33F

High-Performance, 16-bit Digital Signal Controllers

Operating Range
« DC - 40 MIPS (40 MIPS @ 3.0-3.6V,
-40°C to +85°C)
« 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
e 24-bit wide instructions
 Linear program memory addressing up to 4M
instruction words
 Linear data memory addressing up to 64 Kbytes
« 84 base instructions: mostly 1 word/1 cycle
 Sixteen 16-bit General Purpose Registers
* 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:
- 6-channel hardware DMA in devices marked “PS”
» 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)
- 1 Kbyte DMA RAM in devices marked “PS”
« Most peripherals support DMA

Interrupt Controller

« 5-cycle latency
« 118 interrupt vectors
« Up to 67 available interrupt sources:
- Up to 63 available interrupt sources in
devices marked “PS”

* Up to 5 external interrupts
e 7 programmable priority levels
5 processor exceptions

Digital I/0

« Up to 85 programmable digital I/O pins

« Wake-up/Interrupt-on-Change on up to 24 pins
e Output pins can drive from 3.0V to 3.6V

« All digital input pins are 5V tolerant

e 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):
- Up to 33 Kbytes on devices marked “PS”
(includes 1 Kbyte of DMA RAM)

System Management

» Flexible clock options:
- External, crystal, resonator, internal RC
- Fully integrated PLL
- Extremely low jitter PLL
e 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
- 1timer runs as Real-Time Clock with external

32.768 kHz oscillator

- Programmable prescaler

 Input Capture (up to 8 channels):
- Capture on up, down or both edges
- 16-bit capture input functions
- 4-deep FIFO on each capture

¢ Output Compare (up to 8 channels):
- Single or Dual 16-Bit Compare mode
- 16-bit Glitchless PWM mode

© 2006 Microchip Technology Inc.
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dsPIC33F

Communication Modules

e 3-wire SPI (up to 2 modules):
- Framing supports I/O interface to simple
codecs
- Supports 8-bit and 16-bit data
- Supports all serial clock formats and
sampling modes
« 12C™ (up to 2 modules):
- Full Multi-Master Slave mode support
- 7-bit and 10-bit addressing
- Bus collision detection and arbitration
- Integrated signal conditioning
- Slave address masking
e UART (up to 2 modules):
- Interrupt on address bit detect
- Interrupt on UART error
- Wake-up on Start bit from Sleep mode
- 4-character TX and RX FIFO buffers
- LIN bus support
- IrDA® encoding and decoding in hardware
- High-Speed Baud mode
- Hardware Flow Control with CTS and RTS
« Data Converter Interface (DCI) module:
- Codec interface
- Supports 12S and AC'97 protocols
- Up to 16-bit data words, up to 16 words per
frame
- 4-word deep TX and RX buffers
* Enhanced CAN (ECAN™ technology) 2.0B active
(up to 2 modules):
- Up to 8 transmit and up to 32 receive buffers
- 16 receive filters and 3 masks
- Loopback, Listen Only and Listen All
Messages modes for diagnostics and bus
monitoring
- Wake-up on CAN message
- Automatic processing of Remote
Transmission Requests
- FIFO mode using DMA
- Not present in devices marked “PS”
« CAN 2.0B active (up to 2 modules) in devices
marked “PS”:
- 3transmit and 2 receive buffers
- 6 receive filters and 2 masks
- Loopback, Listen Only and Listen All
Messages modes for diagnostics and bus
monitoring
- Wake-up on CAN message

Motor Control Peripherals

Motor Control PWM (up to 8 channels):

- 4 duty cycle generators

- Independent or Complementary mode

- Programmable dead time and output polarity

- Edge or center-aligned

- Manual output override control

- Upto 2 Fault inputs

- Trigger for ADC conversions

- PWM frequency for 16-bit resolution
(@ 40 MIPS) = 1220 Hz for Edge-Aligned
mode, 610 Hz for Center-Aligned mode

- PWM frequency for 11-bit resolution
(@ 40 MIPS) = 39.1 kHz for Edge-Aligned
mode, 19.55 kHz for Center-Aligned mode

Quadrature Encoder Interface module:

- Phase A, Phase B and index pulse input

- 16-bit up/down position counter

- Count direction status

- Position Measurement (x2 and x4) mode

- Programmable digital noise filters on inputs

- Alternate 16-bit Timer/Counter mode

- Interrupt on position counter rollover/underflow

Analog-to-Digital Converters

Up to two ADC modules in a device

10-bit, 2.2 Msps or 12-bit, 1 Msps conversion:

- 2, 4 or 8 simultaneous samples

- Up to 32 input channels with auto-scanning

- Conversion start can be manual or
synchronized with 1 of 4 trigger sources

- Conversion possible in Sleep mode

- +1 LSB max integral nonlinearity

- +1 LSB max differential nonlinearity

CMOS Flash Technology

Low-power, high-speed Flash technology
Fully static design

3.3V (£10%) operating voltage

Industrial temperature

Low-power consumption

Packaging:

100-pin TQFP (14x14x1 mm and 12x12x1 mm):
- Only 14x14x1 mm for devices marked “PS”
80-pin TQFP (12x12x1 mm)

64-pin TQFP (10x10x1 mm)

Note: See the device variant tables for exact
peripheral features per device.
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dsPIC33F

dsPIC33F PRODUCT FAMILIES

Note:  Prototype samples are intended for
dsPIC33F early adopters and are based
on early revision silicon. Devices are
marked with a “PS” suffix. Major differ-
ences are noted in this data sheet. For
additional information, please contact your
Microchip salesperson.

There are two device subfamilies within the dsPIC33F
family of devices. They are the General Purpose
Family and the Motor Control Family.

The General Purpose Family is ideal for a wide variety
of 16-bit MCU embedded applications. The variants
with codec interfaces are well-suited for speech and
audio processing applications.

dsPIC33F General Purpose Family Variants

The Motor Control Family supports a variety of motor
control applications, such as brushless DC motors,
single and 3-phase induction motors and switched
reluctance motors. These products are also well-suited
for Uninterrupted Power Supply (UPS), inverters,
Switched mode power supplies, power factor correc-
tion and also for controlling the power management
module in servers, telecommunication equipment and
other industrial equipment.

The device names, pin counts, memory sizes and
peripheral availability of each family are listed below,
followed by their pinout diagrams.

(O] —
sl els <
[} E o =
Program el 2| g2 3 ks s
Device Pins Flash RAM = g 8 E é é 8 E o AEE: = Packages
Memory | (kbyte)® | = | @ | 25| S8 < S| 0|22 ¢ g
(Kbyte) 5| 2| 25 = 5 | =
| |5 @)
=13 Q
dsPIC33FJ64GP206 | 64 64 8 9 8 8 1 1ADC,18 | 2 | 2 | 1 0 |53 PT
ch
dsPIC33FJ64GP306 64 64 16 9 8 8 1 1ADC,18 | 2 2 2 0 53 PT
ch
dsPIC33FJ64GP310 | 100 64 16 9 8 8 1 1ADC,32 | 2 | 2 | 2 0 | 85| PFPT
ch
dsPIC33FJ64GP706 | 64 64 16 9 8 8 1 2ADC,18 | 2 | 2 | 2 2 |53 PT
ch
dsPIC33FJ64GP708 80 64 16 9 8 8 1 2ADC,24 | 2 2 2 2 69 PT
ch
dsPIC33FJ64GP710 | 100 64 16 9 8 8 1 2ADC,32 | 2 | 2| 2 2 |8 | PFRPT
ch
dsPIC33FJ128GP206 | 64 128 8 9 8 8 1 1ADC,18 | 2 | 2 | 1 0 |53 PT
ch
dsPIC33FJ128GP306 | 64 128 16 9 8 8 1 1ADC,18 | 2 2 2 0 53 PT
ch
dsPIC33FJ128GP310 | 100 128 16 9 8 8 1 1ADC,32 | 2 | 2 | 2 0 | 8| PFPT
ch
dsPIC33FJ128GP706 | 64 128 16 9 8 8 1 2ADC,18 | 2 | 2 | 2 2 |53 PT
ch
dsPIC33FJ128GP708 | 80 128 16 9 8 8 1 2ADC,24 | 2 2 2 2 69 PT
ch
dsPIC33FJ128GP710 | 100 128 16 9 8 8 1 2ADC,32 | 2 | 2| 2 2 |8 | PFRPT
ch
dsPIC33FJ256GP506 | 64 256 16 9 8 8 1 1ADC,18 | 2 | 2 | 2 1 |53 PT
ch
dsPIC33FJ256GP510 | 100 256 16 9 8 8 1 1ADC,32 | 2 2 2 1 85 PF, PT
ch
dsPIC33FJ256GP710 | 100 256 30 9 8 8 1 2ADC,32 | 2 | 2| 2 2 |8 | PFRPT
ch

Note 1. RAM size is inclusive of 2 Kbytes DMA RAM.

2:  Maximum I/O pin count includes pins shared by the peripheral functions.
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dsPIC33F

Pin Diagrams

64-Pin TQFP

COFS/RG15
AN16/T2CK/T7CK/RC1
AN17/T3CK/T6CK/RC2

SCK2/CN8/RG6

SDI2/CNI/RG7

SDO2/CN10/RG8

MCLR

SS2/T5CK/CN11/RGO

Vss

VDD

ANS5/IC8/CN7/RB5
AN4/IC7/ICN6/RB4

AN3/CN5/RB3

AN2/SS1/CN4/RB2
PGC3/EMUC3/AN1/VREF-/CN3/RB1
PGD3/EMUD3/ANO/VREF+CN2/RBO

n <
o
5853
RPN 533
(DSC) = - N I
rrc €zz88aoa00
O=¥X g==zxaxrx
[alya] o 0N~ OLW T MmN
Rr330C28885883380
ooo0oxxxaxex>>0000000
TONTdO DN OO ITOMHMNAO O
OLDLDLDLDLDLDLDLDLDLDLDLDLDLDLDV
—1 48—
—l2 47—
—i3 46—
—4 45—
—]5 44—
—i6 43—
—7 42—
—8 dsPIC33FJ64GP206 41—
— —
9 dsPIC33FJ128GP206 40
—10 39—
—1n 38—
—12 37—
—13 36—
—l14 3B
—j15 34—
—16 33—
MO OO I NMSTW ON~NWOO O d N
NN AN NNNANNNNOOMOM
858883324833 383K
> NO>>Somom
SEIIZIEETCEEEERS
52 2z3d 983922
oa) PSS ILLO0RR
) 3} @ 0 N
s & SO OPE L«
SO =) = [ %UDD
O g 359
o ia) =
S0 =
wa <
bl
8}
O
o

PGC2/EMUC2/SOSCO/T1CK/CNO/RC14
PGD2/EMUD2/SOSCI/TACK/CN1/RC13
OC1/RDO

IC4/INT4/RD11

IC3/INT3/RD10

IC2/U1CTS/INT2/RD9

IC1/INT1/RD8

Vss

OSC2/CLKO/RC15
OSC1/CLKIN/RC12

VDD

SCL1/RG2

SDA1/RG3

U1RTS/SCK1/INTO/RF6
U1RX/SDI1/RF2

UITX/SDO1/RF3
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dsPIC33F

Pin Diagrams (Continued)

64-Pin TQFP

COFS/RG15
AN16/T2CK/T7CK/RC1
AN17/T3CK/T6CK/RC2

SCK2/CN8/RG6

SDI2/CN9/RG7

SDO2/CN10/RG8

MCLR

SS2/T5CK/CN11/RGY

Vss

VDD

ANS5/IC8/CN7/RB5
AN4/IC7/CN6/RB4

AN3/CN5/RB3

AN2/SS1/CN4/RB2
PGC3/EMUC3/AN1/VREF-/CN3/RB1
PGD3/EMUD3/ANO/VREF+CN2/RBO

A00a000annooano

CO(D\IO?U'IJ&O)NHO

[ S S
oA wWNPRPO

64— CSDO/RG13
63— CSDI/RG12

62— CSCK/RG14
55— 0OC8/CN16/RD7
54— 0C7/CN15/RD6
53— OC6/IC6/CN14/RD5
52— OC5/IC5/CN13/RD4
51— 0C4/RD3

61— RGO
50— OC3/RD2

56— VDDCORE

60— RG1
59—1RF1
58— RFO
57— VDD

dsPIC33FJ64GP306
dsPIC33FJ128GP306

49— 0C2/RD1

48
47
46
45
44
43
42

40
39
38
37
36
35
34
33

IR

PGC1/EMUC1/AN6/OCFA/RB6 T—17

PGD1/EMUD1/AN7/RB7 —18

Vss 25
Vbb 26

AVDD 19
TCK/AN12/RB12 ——27

AVss 20
U2CTS/AN8/RB8 /21
AN9/RB9 /22
TMS/AN10/RB10 /23
TDI/AN13/RB13 —28
U2RTS/AN14/RB14 /29

TDO/AN11/RB11 —24
AN15/0CFB/CN12/RB15 ——30

U2RX/SDA2/CN17/RF4 31

U2TX/SCL2/CN18/RF5 /32

PGC2/EMUC2/SOSCO/T1CK/CNO/RC14
PGD2/EMUD2/SOSCI/TACK/CN1/RC13
OC1/RDO

IC4/INT4/RD11

IC3/INT3/RD10

IC2/U1CTS/INT2/RD9

IC1/INT1/RD8

Vss

OSC2/CLKO/RC15
OSC1/CLKIN/RC12

VDD

SCL1/RG2

SDA1/RG3

U1RTS/SCK1/INTO/RF6
U1RX/SDI1/RF2

UITX/SDO1/RF3

© 2006 Microchip Technology Inc.

Advance Information

DS70165B-page 5



dsPIC33F

Pin Diagrams (Continued)

64-Pin TQFP
[Tol o
£ &
TH
ﬂ o 3 Q: Q: zZ Z
228 2% 2233382
ST £x o688 C¢zezc
D00 AR R o BRSO BI DA
NNNOOAd 0000000
oo0oo0oxrxxoouo>>0000000
T MOAN OO0 O SMN-AO O
QO © © © © O LWLWLWLWLWLWLW]LWLW
COFS/RG15 /1 48—
AN16/T2CK/T7CK/RC1 =2 47—
AN17/T3CK/T6CK/RC2 T3 46—
SCK2/CN8/RG6 —4 45—
SDI2/CN9/RG7 —5 44—
SDO2/CN10/RG8 =6 43—
MCLR =37 42/
SS2/T5CK/CN11/RG9 /8 41—
oo e dsPIC33FJ256GP506 o=
Vbop 10 39—
AN5/IC8/CN7/RB5 11 38—
AN4/IC7/CN6/RB4 T—— 12 37—
AN3/CN5/RB3 ™13 36—
AN2/SS1/CN4/RB2 /14 35—
PGC3/EMUC3/AN1/VREF-/CN3/RB1 — 15 34—
PGD3/EMUD3/ANO/VREF+/CN2/RBO =] 16 33—
MO OO A NMSELW O~ O d N
= 4 NN ANANNNNNNNOOM
O NN O NWOWOOOOH N OoONMSLWm S W1
BE8¢BEI S8 EEELE
gc¥Tgglf S fritirg
gz L2z 222255
Q= & < I<I033
Q< 5 ®0 SEPD <
Z2 Q 25 58P0 30
§, E S FF F - x 8 (2
(SR 52 XK
=) 0 ﬁ ~
=0 Zz 5D
wa <
—
O
(O]
a

PGC2/EMUC2/SOSCO/T1CK/CNO/RC14
PGD2/EMUD2/SOSCI/TACK/CN1/RC13
OC1/RDO

IC4/INT4/RD11

IC3/INT3/RD10

IC2/U1CTS/INT2/RD9

IC1/INT1/RD8

Vss

OSC2/CLKO/RC15
OSC1/CLKIN/RC12

VDD

SCL1/RG2

SDA1/RG3

U1RTS/SCK1/INTO/RF6
U1RX/SDI1/RF2

UITX/SDO1/RF3
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dsPIC33F

Pin Diagrams (Continued)

64-Pin TQFP

COFS/RG15
AN16/T2CK/T7CK/RC1
AN17/T3CK/T6CK/RC2

SCK2/CN8/RG6

SDI2/CN9/RG7

SDO2/CN10/RG8

MCLR

SS2/T5CK/CN11/RGY

Vss

VDD

ANS5/IC8/CN7/RB5
AN4/IC7/CN6/RB4

AN3/CN5/RB3

AN2/SS1/CN4/RB2
PGC3/EMUC3/AN1/VREF-/CN3/RB1
PGD3/EMUD3/ANO/VREF+CN2/RBO

DOODIOI0000Iannn

CO(D\IO?U'IJ&O)NHO

PR R R R
oA wWNPRO

64— CSDO/RG13
63— CSDI/RG12
62— CSCK/RG14
61— C2RX/RGO
60— C2TX/RG1
59— CI1TX/RF1
58— C1RX/RFO

57— VbD

53— 0C6/IC6/CN14/RD5
52— OC5/IC5/CN13/RD4

51— 0C4/RD3
50— OC3/RD2

54— 0OC7/CN15/RD6
49— 0C2/RD1

55— 0OC8/CN16/RD7

56— VDDCORE

dsPIC33FJ64GP706
dsPIC33FJ128GP706

48
47
46
45
44
43
42

40
39
38
37
36
35
34
33

IR

PGC1/EMUC1/AN6/OCFA/RB6 —17

PGD1/EMUD1/AN7/RB7 —18

Vss 25
Vbp 26

AvDD 19
TCK/AN12/RB12 ——27

AVss 20
U2CTS/AN8/RB8 /21
AN9/RB9 ™22
TMS/AN10/RB10 /23
TDI/AN13/RB13 —28
U2RTS/AN14/RB14 /29

TDO/AN11/RB11 —24
AN15/0CFB/CN12/RB15 ——30

U2RX/SDA2/CN17/RF4 —31

U2TX/SCL2/CN18/RF5 /32

PGC2/EMUC2/SOSCO/T1CK/CNO/RC14
PGD2/EMUD2/SOSCI/TACK/CN1/RC13
OC1/RDO

IC4/INT4/RD11

IC3/INT3/RD10

IC2/U1CTS/INT2/RD9

IC1/INT1/RD8

Vss

OSC2/CLKO/RC15
OSC1/CLKIN/RC12

VDD

SCL1/RG2

SDA1/RG3

U1RTS/SCK1/INTO/RF6
U1RX/SDI1/RF2

UITX/SDO1/RF3
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dsPIC33F

Pin Diagrams (Continued)

80-Pin TQFP
g2 58833
Sy T8 Se Tzl
E005528EE 22282983838
S £ QoL e 0000 z2acggezc
O=X¥ 3 axX XXX SOl
2R3 EREE2885888858388
8622033005880 0006Q00060606
O OO~ O < ™M AN - DO N O W< MmN
OB KRKNNNNNNNN~ © © © © © © © ©
COFSIRG15 [ 1 60 PGC2EMUC2/SOSCO/TICK/CNO/RC14
AN16/T2CKT7CK/RCL [ 2 59 PGD2/EMUD2/SOSCI/CN1/RC13
ANL7/T3CKITECK/RC2 3 58] OCURDO
AN18/TACKITICK/RC3 [ 4 57 [_1ic4rDn
AN19/TSCKITBCK/RCA [ 5 56 [__1IC3/RD10
SCK2/CN8/RG6 6 55 ]IC2RD9
SDI2/CNY/RG7 7 54| ]ICURD8
SDO2/CN10/RG8 [ 8 53] SDA2INT4/RA15
MCLR[_|9 52 ] SCL2/INT3/RAL4
SS2/CN1URG [ 10 dsPIC33FJ64GP708 51 JVvss
vss |11 dsPIC33EJ128GP708 50 OSC2/CLKO/RC15
VoD 12 49 OSCL/CLKINRC12
TMS/AN20/INTL/RES 13 48 VoD
TDO/AN2L/INT2/RE9 14 a7 SCLURG2
ANS/CN7/RB5 15 46 SDAL/RG3
AN4/CNG/RBA 16 45 SCK/INTO/RF6
AN3/CNS5/RB3 17 44 SDILRF7
AN2/SST/CNA/RB2 18 43 SDOLRF8
PGC3/EMUC3/ANL/CN3/RBL 19 42 UIRX/RF2
PGD3/EMUD3/ANO/CN2/RBO 20 a1 ULTX/IRF3
\\—! N M < WO © N~ 0 OO0 4 N M T WO © N~ 0 O O
N AN AN NN NN N AN AN OOOOHOOMOOOMmOOMmMmoMmom ﬂ‘/
852388889288y gI8sane
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ST I GF s ox roeowge X< o
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g s O X0 DH D kR
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O = 4
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ac z22 8
i
O
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dsPIC33F

Pin Diagrams (Continued)

100-Pin TQFP
g3 588383
R S gzcg
I3UECEEESS v222339857
Lrer55x00 c0000ZQxaxax
D= O = DT O o220 = =
2923332223828 8858888388
zzz888zzzzexrxSS0000QL0B00
( OO~ OO TONTODONSN O SOMOAN-HAO O W0~ O \
o 8 OO0 O OO O 00 00 0 00 00 W O 0 0 0 M~ I~ M~~~
COFSIRGI5[] 1 75[_Jvss
voo[ ] 2 74 ] PGC2/EMUC2/SOSCOITICK/CNO/RC14
AN29/RES[ |3 73 [__] PGD2/EMUD2/SOSCI/CNI/RC13
AN3O/RE6[ | 4 72| ] OC1/RDO
AN31/RE7T[ |5 71 [ IC4/RD11
AN16/T2CK/T7CK/RCI ] 6 70 ] IC3/RD10
AN17/T3CKI/T6CK/RC2[] 7 69 [__1IC2/RD9
AN18/TACK/TICK/RC3[ ] 8 68 __1ICL/RD8
AN19/T5CKIT8CK/RCA[| 9 67 ] INT4/RA15
SCK2/CN8/RG6[_]| 10 66 ] INT3/RA14
SDI2/ICN9/RG7[_| 11 651 Vss
SDO2/CN10/RG8[_| 12 64 ] OSC2/CLKO/RC15
MCLR[ ] 13 dsPIC33FJ64GP310 63 [__] OSCI/CLKIN/RC12
SS2/CN1LRGOL_] 14 dsPIC33FJ128GP310 6211 Voo
Vss[_|15 61| ] TDO/RAS
Vo[ 16 60 ] TDI/RA4
TMS/RAO[ | 17 59 ] SDA2/RA3
AN20/INTL/RES[_] 18 58 ] SCL2/RA2
AN21/INT2/RE9[_| 19 57 ] SCLLRG2
ANS/CN7/RB5[_| 20 56 ] SDAI/RG3
AN4/CN6/RB4[_] 21 55 ] SCKUINTO/IRF6
AN3/CN5/RB3[_| 22 54 ] SDIRE?
AN2/SSUCN4/RB2[_| 23 53] SDO1/RF8
PGC3/EMUC3/ANLCN3/RBL[ | 24 52 ] ULRX/RF2
PGD3/EMUD3/ANO/CN2/RBO[_| 25 51 ] UITX/RF3
OMN~NOVODO A NMTWLONODIIDOANMSTSTLWL OO O
\N N AN NOOMHOOOOHOOHOOHOONHOOHONOSTITITITT T T T T Lf')/
8522888390882y 3wgasage
g%%é2%%§§§>>§&&§§§§>>53§%
L =z4hF > 239 SIS IA Soadd
o< LuJL = E‘ EEREdddd AN Z 2
85 gy Zz xrozzz2=z ZZ200
la) £ < NN IO OO0 2R
€5 = @ ADhX =
<= LL HE oo
9 w Q O x oD
= (@) — -
Sa 5 S35
=0 = c 3
w a = ~ =
=
Q
(O]
o
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dsPIC33F

Pin Diagrams (Continued)

100-Pin TQFP

100 [__1 AN28/RE4
99 [ 1 AN27/RE3
98 1 AN26/RE2
97 [_1CSDO/RG13
96 [_1CSDI/RG12
95 [T CSCK/RG14
94 [ AN25/RE1
93 [_1 AN24/REO

COFS/RG15[_]1

AN29/RE5[_] 3
AN3O/RE6[_] 4
AN3LRE7T[_]5
AN16/T2CK/T7CK/RCL[ |6
AN17/T3CK/T6CK/RC2[_| 7
AN18/T4CK/TICK/RC3[_]8
AN19/T5CK/T8CK/RCA[|9
SCK2/CN8/RG6[_| 10
SDI2/CNI/RG7[_| 11
SDO2/CN10/RG8[_] 12
MCLR[|13
SS2/CN1/RGI[_] 14
Vss[__]15
Voo[__|16
TMS/RAOL_] 17
AN20/INT1/RE8[_| 18
AN21/INT2/RE9O[| 19
ANS/CN7/RB5[_] 20
AN4/CNG/RBA[_] 21
ANB/CN5/RB3[_] 22
AN2/SSI/CN4/RB2[] 23
PGC3/EMUC3/ANL/CN3/RBL[_| 24
PGD3/EMUD3/ANO/CN2/RBO[_| 25

92 [_1 AN23/CN23/RA7
91 [T AN22/CN22/RA6
90 [_TRGO

84 |1 OC8/CN16/RD7
83 [__1 OC7/CN15/RD6
82 [_1 OC6/CN14/RD5
81 [_1 OC5/CN13/RD4
80 [_1IC6/CN19/RD13

88 [ | CITX/RF1
87 [ C1RX/RFO
86[___]VbD

85 [ ] VDDCORE

79 [__11C5/RD12

78 1 0OC4/RD3

77 1 OC3/RD2

76 1 0OC2/RD1

89 __TRG1

dsPIC33FJ256GP510

AVss 31
ANB8/RB8 32
AN9/RB9 33

AN10/RB10 |34
AN11/RB11 |35

Avop 30

VREF-/RA9 28

VREF+RA10 |29

PGC1/EMUC1/AN6/OCFA/RB6 26
PGD1/EMUD1/AN7/RB7 27

vss 36
VoD 37

TCK/IRAL[|38

U2RTS/RF13 39
U2CTS/IRF12 40

vss 45
Voo |46

IC7/U1CTS/CN20/RD14 47

AN12/RB12 |41
IC8/ULRTS/CN21/RD15 48

AN13/RB13 |42
AN14/RB14 143

AN15/0CFB/CN12/RB15 {44

U2RX/CN17/RFA 49
U2TX/CN18/RF5 150

[ Ivss

1 PGC2/EMUC2/SOSCOIT1CK/CNO/RC14
1 PGD2/EMUD2/SOSCI/CNL/RC13
[ 10OC1/RDO

[ 1IC4/RD1L

[ 1IC3/RD10

[ 1ic2/RD9

[ 1ICURD8

[ 1INT4/RAL5
[_1INT3/RA14

[ JVss

[ 10SC2/CLKO/RC15
[ 1 OSCL/CLKIN/RC12
[ 1vop

1 TDO/RAS

1 TDIRA4

[ 1SDA2/RA3
[_1SCL2/RA2

[ 1SCL1/RG2
_1SDAL/RG3

1 SCKL/INTO/RF6

[ 1SDILRF7

[ 1SDOL/RF8

[ JUIRX/IRF2

[ 1UITX/RF3
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dsPIC33F

Pin Diagrams (Continued)

100-Pin TQFP
s e ~ O W s ™
o s EE_ BEEES
NN N () A - O N o 4 O O n S oM =
PEecPElbcooceis £355325888
B8R R S et 58835550
2zz888z2z22z33308800600Q0006060
/O OO O~ OWU TNOHOANdODOD O OO TMAN dO O 0 M~ O \
S OO OO O) OO OO 0O CO 0O 0O 0O O C© GO O O ™~ ™~ ™~ ™~
COFS/RGIS[ |1 75[_Jvss
voo[ ] 2 741 PGC2/EMUC2/SOSCOITICK/CNO/RC14
AN29/RESC ] 3 73 [ PGD2/EMUD2/SOSCI/CN1/RC13
AN3O/RE6[_| 4 72 ] oc1RDO
AN31/RE7T |5 71 [Jic4rD11
ANI6/T2CKT7CKIRCLC ] 6 70[1IC3/RD10
ANL7/T3CKIT6CK/RC2 ] 7 69 1IC2/RD9
AN18/T4CK/TICK/RC3[_| 8 68| __]IC1/RD8
AN19/T5CK/T8CK/RCA | 9 67 _]INT4/RA15
SCK2/CN8/IRG6[_] 10 66 |INT3/RA14
SDI2/CN9/RG7T[] 11 65 _1Vss
SoozeNIReR_ 12 dsPIC33FJ64GP710 o P
<= CNﬂ“jch;: 13 dsPIC33FJ128GP710 o ety
14
Vs 15 dsPIC33FJ256GP710 611 TDORAS
voo[_| 16 60 [ TDIRA4
TMSIRAOC | 17 59| SDA2/RA3
AN20/INTL/RES | 18 58] SCL2/RA2
AN2L/INT2/RES[ ] 19 57 ] SCLURG2
ANS/CN7/RB5[_| 20 56 || SDAL/RG3
AN4/CN6/RBA[ | 21 55 ] SCKL/INTO/RF6
AiS/CNS/RBSII 22 54| SDIURF7
AN2/SST/CNARB2[_| 23 53 ] SDOL/RF8
PGC3/EMUC3/ANL/CN3/RBL | 24 52 [_JUIRX/RF2
PGD3/EMUDS/ANO/CNZ/IRBOL ] 25 51 JUITX/RF3
O~V O A4 N MU ONWOWDDOANMSTSTL OO0 O
\ NN ANNMOHOOMOHONHNONHONHONHNDSTTITITIT IS I TS 0 )/
%’u‘nga8%%%8:!%85&&1&1&3&%83&&&
T c<LLiBE "IELBRER " "ERES
W =Z g + =z Z O OV VNI N e = =]
o< & & I <= EEFEdSddd g N 22
g5° ¢ 22 TEREEEE 5599
Z2 > @ DO
< = L HE NN
= w O Oox o2
oS Q 53
28 ) S
8 z SRS
—
Q
(O]
o
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dsPIC33F

dsPIC33F General Purpose Family Variants (Devices Marked “PS")

() —
| 9|8 <
Program 212182 |,8 3
© o = 9 =l _| = >
. . o O @ Q z |
Device Pins |Flash Memory RAM < 8 oo | LT a Zla o< Packages
1) S Es) <| n 1)
(Kbyte) 2| 2|=s| 88 < S | O| e
(Kbyte) E|2|35|°E a
= c 5 o)
=13 o
dsPIC33FJ128GP706PS | 64 128 17 9 8 8 1 2ADC, |2 |2 | 2| 2 |53 PT
18 ch
dsPIC33FJ128GP708PS | 80 128 17 9 8 8 1 2ADC, |2 |2 | 2| 2 |69 PT
24 ch
dsPIC33FJ256GP710PS | 100 256 33 9 8 8 1 2ADC, |2 |2 | 2| 2 |85 PF
32ch
Note 1. RAM size is inclusive of 1 Kbyte DMA RAM.
2:  Maximum I/O pin count includes pins shared by the peripheral functions.
Pin Diagrams
64-Pin TQFP
83
~o & a
8838 &
g g S‘ SH 40 % % 5 5 S
COPEPEE w2288 88%
0L xxxEx go0llezed
=)
PRRERES888088503
O0O00LOLLLO>>000000W
LOOOANnAnanganm
T ONTdO DO~ OO TOMHMNAO O
QO © © © © © U O O O O WO LWL LW LW <
COFS/RG15 1 48— EMUC1/SOSCO/T1CK/CNO/RC14
AN16/T2CK/T7CK/RC1 =2 47— EMUD1/SOSCI/T4CK/CN1/RC13
AN17/T3CK/T6CK/RC2 =3 46— EMUC2/0OC1/RDO
SCK2/CN8/RG6 T4 45— IC4/INT4/RD11
SDI2/CN9/RG7 T—5 44— |C3/INT3/RD10
SDO2/CN10/RG8 16 43— IC2/INT2/RD9
MCLR =7 421 IC1/INT1/RD8
SS2/T5CK/CN11/RG9 T8 dsPIC33FJ128GP706PS 41; Vss
Vss /9 40 OSC2/CLKO/RC15
Vop 10 39— OSC1/CLKIN/RC12
AN5/IC8/CN7/RB5 T— 11 38— VbD
AN4/IC7/CN6/RB4 T—] 12 37— SCL1/RG2
AN3/CN5/RB3 /13 36— SDA1/RG3
AN2/SS1/CN4/RB2 T 14 35— EMUC3/SCK1/INTO/RF6
AN1/VREF-/CN3/RB1 15 34— U1RX/SDI1/RF2
ANO/VREF+/CN2/RBO T 16 33— EMUD3/U1TX/SDO1/RF3
N2aSNNRIBENBRABHY
IR
O N~ O NWOWOO-H N ONMSLWS 1
2ellE2d3485 44588
ST s Frrres o
f57 72255 S5ssSg
gz =z 222235
g3 z< <%%0g§y
z s o —
< S 5
[S¥a) oOxX X
20 vk
o =)
() <
O]
o
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dsPIC33F

Pin Diagrams (Continued)

80-Pin TQFP

—
a
g2 cd 88889 4
R B ggee@ S
— — O © 0 Yo =
£p8zz20LZ wFIFIA28C
s5EsQgrasr 5000022z a
B0 9SSEREE 3808835382
0O00ZE2T000D05500000QCL00H0W
/o QOO 0O~ O ITONCHOOODON O IS MmN A \
ORNKNNMNMNNNNNNNMNRK O O © ©© © © © ©
COFS/RG15 1 60 || EMUC1/SOSCO/T1CK/CNO/RC14
AN16/T2CK/T7CK/RC1 2 59 [ EMUD1/SOSCI/CN1/RC13
AN17/T3CK/TecK/RC2 [ 3 58 [ ] EMUC2/0C1/RDO
AN18/T4CK/TOCK/RC3 ] 4 57 [_JIc4/RD11
AN19/T5CK/T8CK/RC4 | 5 56 [ IC3/RD10
SCK2/CN8/RG6 [_| 6 55 [__11C2/RD9
SDI2/ICN9/RG7 [ 7 54 [_1IC1/RD8
SDO2/CN10/RG8 8 53 [__ISDA2/INT4/RA15
MCLR 9 52 [__|SCL2/INT3/RA14
SS2/CN11/RG9 [ 10 51 [ ]Vss
Vss 11 dsPIC33FJ128GP708PS 50 0OSC2/CLKO/RC15
voo [ ] 12 49 [ OSC1/CLKIN/RC12
AN20/INT1I/RA12 [ 13 48 VDD
AN21/INT2/RA13 [ 14 47 SCL1/RG2
ANS/CN7/RB5 15 46 |1 SDA1/RG3
AN4/CN6/RB4 16 45 [ EMUC3/SCK1/INTO/RF6
ANS3/CN5/RB3[_] 17 44 |1 SDIL/RF7
AN2/SS1/CN4/RB2[_| 18 43 SDO1/RF8
PGC/EMUC/ANL/CN3/RBL__] 19 42 [ JUIRX/IRF2
PGD/EMUD/ANO/CN2/RBOL__] 20 41 [ 1EMUD3/UITX/RF3
A N M < O O~ 0D O 4 N M T I © N 0 O O
\N N N N N N N NN OO OHOMmOOmOMmOmO”Nm O oM V/
O N~ O OO0 W 0 O O 4 N oN M ST ST 1 S 0
283s8883:2L8585858E¢8
FECzeIggac greeccra
Lz b+ zzdSd N M IS 94 o
O < x b < < o =z A d d dd N Z 2
o > ¥ Z Z Z2zzzz2z00
S > < TL L0 QR R
Z P03 &K
< o= =985>
Q
n
—
P4
<
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dsPIC33F

Pin Diagrams (Continued)

100-Pin TQFP
~ Qo M~ O WS M E
S [alalyaalb @
PN RN o Lo % % @ 13}
IR0 nRsS3arE wddoggaaag
reelpgCecbbaxael 5353553Z0288
R R R Rt L A T
2992339999855 58880888808+%
2226002220000 >>0000LL0o0om
=1 OO OO0 O OO 00O CO 00O 00O O O O O 0 M~ M~ M~ I~
COFSIRG15 [ 1 75 [T vss
voo [ 2 74 ] EMUCL/SOSCOIT1CK/CNO/RC14
AN29/RE5 T 3 73 [ EMUD1/SOSCI/CN1/RC13
AN30/RE6 [ 4 72 [ EMUC2/0C1/RDO
AN3LRE7 (| 5 71 [ 1 Ic4RD1L
AN16/T2CK/T7CK/RC1 [ 6 70 1 IC3/RD10
AN17/T3CK/T6CK/RC2 [ 7 69 [ IC2/RD9
AN18/TACK/TICK/RC3 [ 8 68 [ ICL/RD8
AN19/T5CK/T8CK/IRCA [ 9 67 [ INT4/RA15
SCK2/CN8/RG6 [ 10 66 [ INT3/RA14
SDI2ICN9/RG7 [ 11 65 1 Vss
SDO2/CN10/RG8 [ 12 64 ] OSC2/CLKO/RC15
__ MR 13 dsPIC33FJ256GP710PS 63 | ] OSCI/CLKINIRC12
SS2/CN11/RG9 [ 14 62 [ VoD
vss [ 15 61 ] RAS
voo[_] 16 60 1 RA4
RAOLC |17 59 [ SDA2/RA3
AN20/INT1/RA12] 18 58 [ SCL2/RA2
AN2L/INT2/RA13[ ] 19 57 [ SCLLRG2
ANS/CN7/RBS[_] 20 56 [ SDALRG3
AN4/CN6/RB4[] 21 55 [_1 EMUC3/SCK1/INTO/RF6
AN3/CNS/RB3[ ] 22 54 [ SDILRF7
AN2/SSLICN4/RB2[_] 23 53 [ ] SDOL/RFS
PGC/EMUC/ANL/CN3/RB1_| 24 50 [ ] ULRX/RF2
PGD/EMUD/ANO/CN2/RBOL] 25 51 ] EMUD3/UITX/RF3
OMN~NOVDO AN MTUH ONVDOANMTLL ON~WOO O
KNNNNmmmmmmmmmmququqvvqm/
8529888337488y 8ggsare
EECEcSECER "PEEEEEE "RREY
w =z + 2290 d N ONANOmIF A S 9 - d
g<ky ==zZz RoZz22 SEE3
g £ < §gITIL<0O QO XX
z £ 83845
< o ==55
Q
a
=2
<<
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dsPIC33F

dsPIC33F Motor Control Family Variants

(0] § g ) —
st Z |y
= | 2| 9 Q =2
Progra S| 3 g-% % E 8 £ - 5|3
_ . |mFlash| RAM | S| &|SZ| = |o8| 2| Q |E|g|E|3|2
e a o 3
Device Pins Memory (Kbyte)(l) 5 8 8 - 5 58| ) 5( & (\(‘_) el o Packages
E| S| 22| © | BE| o S| E
(Kbyte) El2|g0| 5 | E7| T c|a
£| 3 2138 S S| 9O
e} ° < (@} w | =
= | O
dsPIC33FJ64MC506 64 64 8 918 8 8ch| 1 0 |[1ADC,| 2| 2|2 ]| 1|53 PT
16 ch
dsPIC33FJ64MC508 80 64 8 918 8 8ch| 1 0 [1ADC,| 2| 2|2 ]| 1|69 PT
18 ch
dsPIC33FJ64MC510 100 64 8 91| 8 8 8ch| 1 0 [1ADC,| 2|2 |2 |1|8]| PRPT
24 ch
dsPIC33FJ64MC706 64 64 16 918 8 8ch| 1 0 |[2ADC,| 2| 2|2]| 1|53 PT
16 ch
dsPIC33FJ64MC710 100 64 16 91| 8 8 8ch| 1 0 [2ADC,| 2 |2 |2 |2 |8]| PFRPT
24 ch
dsPIC33FJ128MC506 | 64 128 8 91| 8 8 8ch| 1 0 |[1ADC,| 2| 2|2]| 1|53 PT
16 ch
dsPIC33FJ128MC510 | 100 128 8 91| 8 8 8ch| 1 0 [1ADC,| 2|2 |2 |1|8]| PRPT
24 ch
dsPIC33FJ128MC706 | 64 128 16 91| 8 8 8ch| 1 0 |[2ADC,| 2| 2|2 ]| 1|53 PT
16 ch
dsPIC33FJ128MC708 | 80 128 16 91| 8 8 8ch| 1 0 |[2ADC,| 2| 2|2 ]| 2|69 PT
18 ch
dsPIC33FJ128MC710 | 100 128 16 91| 8 8 8ch| 1 0 [2ADC,| 2 | 2|2 |2 |85]| PFRPT
24 ch
dsPIC33FJ256MC510 | 100 256 16 91| 8 8 8ch| 1 0 [1ADC,| 2|2 |2 |1|8]| PFRPT
24 ch
dsPIC33FJ256MC710 | 100 256 30 91| 8 8 8ch| 1 0 [2ADC,| 2 | 2|2 |2 |8]| PFRPT
24 ch

Note 1:

RAM size is inclusive of 2 Kbytes DMA RAM.

2:  Maximum I/O pin count includes pins shared by the peripheral functions.

© 2006 Microchip Technology Inc.

Advance Information

DS70165B-page 15



dsPIC33F

Pin Diagrams

64-Pin TQFP

o)
€ 33
S &
S 9N To 5 g % g
w w S =
EE&E&EE m%ﬂggmmﬁ
JIJIJgp eaz83o0a00
$SSS:SREZ.2%cerssa
X aoa ~ N
(OGN GING NGO NG]
$5323030558888888
LI I0Ianng
O © O© O © O WO W LW WO LWLWLWLWLLWLWS
PWM3H/RE5 ] 1 48— PGC2/EMUC2/SOSCOIT1CK/CNO/RC14
PWMA4L/RE6 ]2 47— PGD2/EMUD2/SOSCI/TACK/CN1/RC13
PWM4H/RE7 T 3 46— OC1/RDO
SCK2/CN8/RG6 ] 4 45— IC4/INT4/RD11
SDI2/CN9/RG7 5 44— IC3/INT3/RD10
SDO2/CN10/RG8 6 43— IC2/U1CTS/FLTB/INT2/RD9
MCLR . 7 42— IC1/FLTA/INT1/RD8
SS2/T5CK/CN11/RGY ] 8 41— Vss
Vss 9 dsPIC33FJ64MC506 40— 0SC2/CLKO/RC15
Vob 10 39— OSC1/CLKIN/RC12
AN5/QEB/IC8/CN7/RB5 ——] 11 38— VoD
AN4/QEA/IC7/CN6/RB4 ] 12 37— SCL1/RG2
AN3/INDX/CN5/RB3 — 13 36— SDA1/RG3
AN2/SS1/CN4/RB2 ] 14 35— U1RTS/SCK1/INTO/RF6
PGC3/EMUC3/AN1/VREF-/CN3/RB1 ] 15 34— U1RX/SDIL/RF2
PGD3/EMUD3/ANONREF+CN2/RBO T—] 16 33— UITX/SDO1/RF3
MO OO A AN MWW OMN~NOWOO O N
= = NN AN AN ANANNNNNOMMM
OMN O N0 OHWO -+ N aoNMSTLWmS W10
CESiBEZEEeE54¢EE
FEII§5ac TCEor g
w = Z Z O ﬂ N OO <F N oo
Q< <3 Z 222255
Q= o < ITII0%>
© 0 [ = 5 S0 o xX X
Z 2 8] 2] o k-
s & =0 OPELaw
S o) (= - x 8 o o)
O 9 D=
20 =
ga z
—
O
0}
o
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dsPIC33F

Pin Diagrams (Continued)

64-Pin TQFP
~
E n <
Y-
2o g83¢
< i N i o = E zzZ
&EEEEEE m%ﬂggmmﬁ
JIJI JIp X xa z88HBa0a0
2858523 83280358
= a a
[SRSHSRONNSNS)
£352200858888888
LRI
O © O© O O© O WO W WO WO LWLWLWLWLWLWS
PWM3H/RE5 1 48—
PWMA4L/RE6 T— 2 47—
PWM4H/RE7 — 3 46—
SCK2/CN8/RG6 T4 451
SDI2/CN9/RG7 —5 44—
SDO2/CN10/RG8 T 6 43—
— —
@/Tscwcmxgéz l:Zs dsPIC33FJ128MC506 jj:l
Ve —o dsPIC33FJ64MC506 ol—
Voo —110 dsPIC33FJ128MC706 20—
ANS5/QEB/IC8/CN7/RB5 T 11 38—
AN4/QEA/ICT/ICN6/RB4 T 12 373
AN3/II@/CN5/RB3 —]13 36—
AN2/SS1/CN4/RB2 ] 14 35—
PGC3/EMUC3/ANL/VREF-/CN3/RB1 —] 15 34/
PGD3/EMUD3/ANO/VREF+/CN2/RBO ] 16 333
N0 OO I NMST WM ON~NWOO O AN
CITUoUouorotres
PEh B8RRI LsBNSIYTR
SE<SECEECCEEEREC
w = Z Z O ﬂ N OO <F N o -
g% %22 222333
Q3 » 2= 2225688
€3 5 @0 SFOHodL A
Z= & =Sa ORBELAOQ
SO = FTEQoY
03 SQxXX
23 28§
ga z°°
—
)
0]
[a

PGC2/EMUC2/SOSCOIT1CK/CNO/RC14
PGD2/EMUD2/SOSCI/TACKICNLRC13
OCL/RDO

IC4/INT4/RD11

IC3/INT3/RD10
IC2/ULCTS/FLTB/INT2/RD9
ICUFLTA/INTL/RD8

Vss

0OSC2/CLKO/RC15
OSC1/CLKIN/RC12

VbD

SCLIRG2

SDAL/RG3

ULRTS/SCKL/INTO/RF6
ULRX/SDIL/RF2

ULTX/SDOL/RF3

© 2006 Microchip Technology Inc.
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dsPIC33F

Pin Diagrams (Continued)

80-Pin TQFP
8
28833
E g g E @ T2 % § § % g N Moo o
3igz3_ &% £2555zpk2k
S5:5::8853858588888888
i
PWM3H/RE5 1 60 [__] PGC2/EMUC2/SOSCO/T1CK/CNO/RC14
PWMAL/RES 2 59 [ ] PGD2/EMUD2/SOSCI/CNL/RC13
PWM4H/RE7 3 58] OC1/RDO
AN16/T2CK/T7CK/RC1 4 57 [_]IC4RD11
AN17/T3CK/T6CK/RC2 5 56 ]IC3/RD10
SCK2/CN8/RG6 6 55[__]IC2/RD9
SDI2/CNY/RG7 7 54[__]IC1/RD8
SDO2/CN10/RG8 8 53] SDA2/INT4/RAL5
MCLR 9 52 [_1SCL2/INT3/RA14
SS2/CN11/RGY 10 51 ]Vss
Vss 11 dsPIC33FJ64MC508 50 ] OSC2/CLKO/RC15
VoD 12 49 [ ] OSC1/CLKIN/RC12
TMS/FLTA/INTL/RES 13 48[ Jvop
TDO/FLTB/INT2/RE9 14 47 ] SCLURG?
ANS/QEB/CN7/RB5 15 46 | SDALRG3
AN4/QEA/CNG/RB4 16 45 [ SCKL/INTO/RF6
AN3/INDX/CN5/RB3 17 44 [ SDIURF7
AN2/SST/CNA/RB2 18 43| SDOLRF8
PGC3/EMUC3/ANL/CN3/RBL 19 42 JUIRXIRF2
PGD3/EMUD3/ANO/CN2/RBO 20 41 JUITX/RF3

PGC1/EMUC1/AN6/OCFA/RB6
PGD1/EMUD1/AN7/RB7

VREF-/RA9
VREF+/RA10

AVDD

Vss
VoD

AVss
TCK/AN12/RB12

U2CTS/ANS/RB8
AN9/RB9
AN10/RB10
AN11/RB11
TDI/AN13/RB13
U2RTS/AN14/RB14

AN15/0CFB/CN12/RB15
IC7/U1CTS/CN20/RD14

IC8/ULRTS/CN21/RD15

U2RX/CN17/RF4
U2TX/CN18/RF5
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dsPIC33F

Pin Diagrams (Continued)

80-Pin TQFP
~
[a)
[
% O w0 T M
s @ ND e SEEE é'
Ececi33cr8 223335 agysr
I JII JXgpg X xcZz2Z 2239 39909
23383 gxsx goooogReEc
SS22228E235858885388
FEEZEa0600088S0000CCB00
© 8RRRERLIRLNRRBBLE833883
PWM3H/RES[ ]| 1 60 ] PGC2/EMUC2/SOSCOIT1CK/CNO/RC14
PWM4L/IREG | 2 59 PGD2/EMUD2/SOSCI/CN1/RC13
PWMAHRET[ ]| 3 58] ] OCURDO
AN16/T2CKITTCK/RCL 4 57 _1IC4RD1L
AN17/T3CKIT6CKIRC2[_| 5 56| ]IC3/RD10
SCK2/CN8/RG6 6 55 ]IC2/RD9
SDI2ICNY/RG7 7 54 ]ICURDS
SDO2/CN10/RG8 8 53| SDA2/INT4/RA15
MCLR 9 52 | SCL2/INT3/RA14
SS2/CN11/RGI[__| 10 51 ]Vss
vss[ 11 dsPIC33FJ128MC708 50 ] OSC2ICLKO/RC15
VDD 12 49 [ ] OSC1/CLKIN/RC12
TMS/FLTA/INTURES | 13 48 VoD
TDO/FLTB/INT2/RE9 14 47 SCL1/RG2
AN5/QEB/CN7/RB5 15 46| SDA1/RG3
AN4/QEAICNG/RB4 16 45 SCKL/INTO/RF6
AN3/INDX/CN5/RB3 17 a4 SDIL/RF7
AN2/SST/CN4/RB2 18 43 SDO1/RF8
PGC3/EMUC3/ANL/CN3/RBL[ | 19 42 ULRX/RF2
PGD3/EMUD3/ANO/CN2/RBO 20 41 UITX/RF3
A N M T OH O N~ 00O O 4 N M T WUHm O© N~ 0 O O
852988882088y wge
EdegzcccPp~->FREREREL
XS L3 S25 3 §SesSsSsa53
o< & L I < o p) o 04 4 4 d N 2 2
oS5 s E FJ zZz =2 2 =2 =2 =222 0 0
g8 2 poz< L2000 %x%
z 2 8 SE2EZLES
S g =) FFxoocx SO
g 3 583553
28 S5 3
oa Zgo0
i
(@]
(O]
a
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dsPIC33F

Pin Diagrams (Continued)

100-Pin TQFP

PWM3L/RE4
PWM2H/RE3
PWM2L/RE2

99

0
00
98
97
96
95
94
93
92
91
90
89
88
87
84
83
82
80
79
78
77
76

1

COFS/RG15 [ ]

Voo [

PWM3H/RE5 [
PWMAL/RES |
PWM4H/RE7 [
AN16/T2CK/T7CK/RCL [
AN17/T3CK/T6CK/RC2 [
AN18/TACK/TICK/RC3 [
ANL9/TSCK/TBCK/RCA [
SCK2/CN8/RG6 [_|
SDI2/CNY/RG7 [
SDO2/CN10/RG8 [
MCLR [

SS2/CN1L/RGI [

Vss [ |

Vop [

TMS/RAO [
AN20/FLTA/INTL/RES [_|
AN2L/FLTB/INT2RE9 [
AN5/QEB/CN7/RBS [
AN4/QEAICNG/RBA [
AN3/INDX/CN5/RB3 [
AN2/SSTICN4/RB2 [
PGC3/EMUC3/AN1/CN3/RB1 [_|
PGD3/EMUD3/ANO/CN2/RBO |

©O© 00 N O O B W N

CSDO/RG13

CSDI/RG12

CSCK/IRG14

PWMIH/REL

OC8/UPDN//CN16/RD7

AN23/CN23/RA7
AN22/CN22/RA6
OC7/CN15/RD6

RGO

RG1
OC5/CN13/RD4

PWM1L/REO
CITX/RF1
CI1RX/RFO

VoD

VDDCORE
OC6/CN14/RD5

86
85
81

dsPIC33FJ64MC510

IC6/CN19/RD13

IC5/RD12
OC4/RD3
OC3/RD2
OC2/RD1

QO g g D O OO DD DO DN NN N NN
O N 0 © O FP N WS OO N0 O© O FP N WO

55

[ 1Vss

1 PGC2/EMUC2/SOSCOITCK/CNO/RC14
1 PGD2/EMUD2/SOSCI/CN1/RC13
[ 10CURDO

[ 1Ic4/RD1L

[ 1IC3/RD10

[ 1IC2/RD9

[ JICU/RDS8

[ 1INT4/RAL5
_1INT3/RAL4

[ 1Vss

[ ] OSC2/CLKO/RC15
1 OSCI/CLKIN/RC12
[_1Vop

1 TDOIRAS

1 TDIURA4

_1RA3

[ 1RA2

1 SCLURG2

1 SDAL/RG3

1 SCKL/INTO/RF6
1 SDILRF7

1 SDOLRF8

] UIRXIRF2

1 UITX/RF3

VREF-/RA9 |28

VREF+RA10 |29

PGCLEMUC1/AN6/OCFA/RB6 26
PGDI/EMUDV/AN7/RB7 27

Avop |30
Avss |31
ANS/RB8 |32
AN9/RB9 33

AN10/RB10 34

AN11/RB11 35

Vss |36
vop 37

TCK/RA1 38

U2RTS/RF13 39
U2CTS/RF12 40

Vss 45
VoD 46

IC7/ULCTS/CN20/RD14 |47

AN12/RB12 41
IC8/U1RTS/ICN21/RD15 48

AN13/RB13 42
AN14/RB14 |43

AN15/0CFB/CN12/RB15 44

U2RX/CN17/RFA |49
U2TX/CN18/RF5 150
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dsPIC33F

Pin Diagrams (Continued)

100-Pin TQFP

PWM3L/RE4
PWM2H/RE3

COFS/IRG15[ |

Vob[_|

PWMB3H/RE5[_|
PWMAL/RES[ |
PWM4H/RET |
AN16/T2CK/T7CK/RC1[ |
AN17/T3CK/T6CK/RC2[]
AN18/T4CK/TICK/RC3[ |
AN19/T5CK/T8CK/RCA[ |
SCK2/CN8/RGE[_|
SDI2/CNI/RG7[_]
SDO2/CN10/RG8[_|
MCLR[]
SS2ICN1/RGI[|
Vss[|

Voo [_|

TMS/RAO |
AN20/FLTA/INTURES[ |
AN21/FLTB/INT2/REI |
ANS/QEB/CN7/RBS[_|
AN4/QEA/CNG/RBA[ |
AN3/INDX/CNS/RB3[_|
AN2/SSTCN4/RB2[ |
PGC3EMUC3/AN1/CN3RB1[_|
PGD3/EMUD3/ANO/ICN2/RBO |

©O© 00 N O OB W N -

PWM2L/RE2

CSDO/RG13
CSDI/RG12
CSCK/RG14

@ N~ O

PWMI1H/RE1L

OC8/UPDN//CN16/RD7

AN23/CN23/RA7
AN22/CN22/RA6
OC7/CN15/RD6

RGO

RG1
IC6/CN19/RD13

PWM1L/REQO
CITX/RF1
C1RX/RFO

VoD

VDDCORE
OC6/CN14/RD5
OC5/CN13/RD4
IC5/RD12

M NHdO O

9

86
85
82
81

@)
100
99
9
9
9
9
94
9
9
9
8
8
87
84
83
80
7
7
7
7

dsPIC33FJ128MC510
dsPIC33FJ256MC510

53
52

[ 1Vss

1 PGC2/EMUC2/SOSCOIT1CKICNO/RC14
1 PGD2/EMUD2/SOSCI/CN1/RC13
1 OC1/RDO

[ 11c4RD1L
[_1IC3/RD10

1 IC2/RD9

[ 1ICU/RD8

1 INT4/RA15

1 INT3/RA14

[ 1Vss

1 OSC2/CLKO/RC15
1 OSCL/CLKIN/RC12
[ 1vop

1 TDO/RAS

1 TDIRA4

1 SDA2/RA3

1 SCL2/IRA2

1 SCLLRG2

1 SDAL/RG3

] SCKLUINTO/RF6
] SDILRF7

1 SDOLRF8

] UIRX/RF2

1 UITXRF3

NG

PGC1/EMUC1/AN6/OCFA/RB6 26
PGD1/EMUDY/AN7/RB7 27

VREF-/RA9 28

VREF+RA10 29

Avss |31
ANS/RB8 |32
AN9/RB9 33

AN10/RB10 34

AN1U/RB11 35

AVDD 30

Vss 36
Voo [|37

TCK/RAL[|38

U2RTS/RF13 |39
U2CTSIRF12 |40

vss 45
Voo [_|46

IC7/ULCTS/CN20/RD14 47

AN12/RB12 |41
IC8/ULIRTS/CN21/RD15 48

AN13/RB13 |42
AN14/RB14 43

AN15/0CFB/CN12/RB15 {44

U2RX/CN17/RF4 49
U2TXICN18/RF5 |50
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dsPIC33F

Pin Diagrams (Continued)

100-Pin TQFP
~
[a)
x
N~ © ]
O 0 o
o - §8825F
Iy UE89c 10 2255C
CEI2PEezS55895E eE=z772:888
mNN\Q:QHHQL\)D:KKQ: 55666 zcr®
2SSSQQ= 22«)(\:?}2? o220 ===<
S=:0235s828KE533883088883330
AAA000AAITIOOLOLS>S0000LCL000
6 OO~ OUTONAODDONOWULT MHOANAO DWW O \
a 0O OO0 O OO O 00 0 00 00 0 0 0 0 M~IMNSIMNSINS
COFS/RGIS[ | 1 75 [ 1vss
Voo [ 2 74 [ PGC2/EMUC2/SOSCOITICK/CNO/RC14
PWM3H/RE5 [_| 3 73 [__1PGD2/EMUD2/SOSCI/CN1/RC13
PWMA4L/RE6 [ 4 72 [_10C1/RDO
PWM4H/RE7 [ 5 71 [_1IC4/RD11
AN16/T2CK/T7CK/RCL | 6 70 [__]IC3/RD10
AN17/T3CKIT6CKIRC2 | 7 69 [__1IC2/RD9
AN18/TACK/TICK/RC3 [ 8 68 [__]ICL/RD8
AN19/T5CK/T8CK/RCA [ ] 9 67 [_1INT4/RA15
SCK2/CN8/RG6 [_| 10 66 [__]INT3/RAL4
SDI2/CNY/RG7 [ 11 65 [__1Vss
SDO2/CN1O/RG8 [ 12 dsPIC33FJ64MC710 64 [__10SC2/CLKO/RC15
_ MaRrR[]13 dsPIC33FJ128MC710 63 [ OSCL/CLKIN/RC12
SSZ/CNWRG@?E 14 dsPIC33FJ256MC710 62 %VDD
Vss 15 61 TDO/RA5
Voo [ 16 60 [ TDI/RA4
TMS/RAO [ 17 59 [ SDA2/RA3
AN20/FLTA/INTI/RES ] 18 58 [__|SCL2IRA2
AN21/FLTB/INT2/RE9 [ 19 57 [ ]SCLI/RG2
AN5/QEB/CN7/RB5 [ 20 56 [__]SDA1/RG3
AN4/QEA/CNG/RBA [ 21 55 [__]SCK1/INTO/RF6
AN3/INDX/CN5/RB3 [ 22 54 [ SDI1RF7
AN2/SSI/CN4RB2 [ 23 53 ] SDOLRFS
PGC3/[EMUC3/ANL/CN3/RBL | 24 52 [ JULIRX/RF2
PGD3/EMUD3/ANO/CN2/RBO [ 25 51 [JUITX/RF3
OMN~N0VOODO AN MU ON OO A NMSTLH OO O
\N NANANOOHONMOHOOHOOHOOHOOHNONOTETITITITIIT I T I LA’)/
PHn2388B3354d882299838g83IaR
EEazZ3IECPR">CLERRPpPR >8Rz
=z F Z=3Sd SOOI B®IQ S odd
o< & 4+ == EEEdDdDdd aN Z2 2
o3 suy =z =2 rozzz=2 =220 0O
RN = gg<<=<9 0O =R
22 - g P2R&§
=S w Q orx O2
= Q 53
2Q 3 = ®
P=0] = [GN®]
wa < ==
i
Q
(O]
a
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dsPIC33F

dsPIC33F Motor Control Family Variants (Devices Marked “PS")

NEE .
= 2|8 E 3 % OR
Program o| 3 g-g 5| S8 % _ 3
_ , Fash | RAM | S| & | 8F| = | 8| 2| Q |&|g|E|2|2
e o a o
Device Pins Memory (Kbyte)(l) 5 8 g_o_ é 58| ¢ ) g & (g 5 g Packages
(Kbyte) Ela| 26| 2 |85| 3 a
|5 21 %5 Q o
(@) o 3 O =
= | O
dsPIC33FJ128MC706PS | 64 128 17 9| 8 8 |8ch 1 0 [2ADC,| 2 |2 |2 |1 |53 PT
16 ch
dsPIC33FJ128MC708PS | 80 128 17 91| 8 8 |8ch 1 0 [2ADC,| 2 |2 |2 |1 ]69 PT
18 ch
dsPIC33FJ256MC710PS | 100 256 33 91| 8 8 |8ch 1 0 [2ADC,| 2 |2 |2 |2 |85 PF
24 ch

Note 1. RAM size is inclusive of 1 Kbyte DMA RAM.
2:  Maximum I/O pin count includes pins shared by the peripheral functions.
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dsPIC33F

Pin Diagrams

64-Pin TQFP

5
g 231
Jo L 3
6233 =
<t N o ['4 I3
wow o owog S =22
bgecap? ,589880w0
7&as2Z% 553500gREN
> 22 a
Sssss X x OSEF IO
£2:5::25%338808850+%
aoooonoo0oo0o>>000000W
T ONTdO DO~ OO ITOMHMNAO O
O © © © © O N WO LW LWLWLWLWLWLLWLWw
PWM3H/RES5 1 48—
PWM4L/RE6 2 47—
PWM4H/RE7 T 3 46—
SCK2/CN8/RG6 T4 45—
SDI2/CN9/RG7 5 44—
SDO2/CN10/RG8 6 43/
MCLR 7 42—
SS2/T5CK/CN11/RG9 T8 41—/
Vss 9 dsPIC33FJ128MC706PS 40—
Vbb 10 39—
AN5/QEB/IC8/CN7/RB5 11 38—
AN4/QEA/IC7/CN6/RB4 T 12 37—
AN3/INDX/CN5/RB3 13 36—
AN2/SS1/CN4/RB2 T 14 35—
AN1/VREF-/CN3/RB1 ] 15 34—
ANO/VREF+/CN2/RB0 ] 16 33—
MO0 OO dANMSTLWL O~ O odN
e NN ANNNNNNNNOMOM
8E 8888308833398
rr>zrrxoid>>0000xx
FAREEIL NS L 111 Y
g% %32 22223
S g < < << <O § 5
<3 529
$3 o %%
s (O] D
o — N
w z D>
O <
(O]
a

EMUC1/SOSCO/T1CK/CNO/RC14
EMUD1/SOSCI/TACK/CN1/RC13
EMUC2/0C1/RDO
IC4/INT4/RD11

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

Vss

0SC2/CLKO/RC15
OSC1/CLKIN/RC12

VDD

SCL1/RG2

SDAL/RG3
EMUC3/SCK1/INTO/RF6
U1RX/SDIL/RF2
EMUD3/UITX/SDO1/RF3
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dsPIC33F

Pin Diagrams (Continued)

80-Pin TQFP

1)
80 [ ] PWM3L/RE4

PWM3H/RE5 [_|
PWMAL/RE6 |
PWM4H/RE7 |
AN16/T2CK/T7CK/RC1 [
AN17/T3CK/T6CK/RC2 [
SCK2/CN8/RG6 [_|
SDI2ICN9/RG7 [
SDO2/CN10/RG8[_|
MCLR[_|

SS2/CN11/RGI [

Vss[ |

voo[_|

FLTA/INTL/RE8 |
FLTB/INT2/RE9 [
ANS5/QEB/CN7/RB5 |
AN4/QEA/CN6/RBA[_|
ANS3/INDX/CN5/RB3[_|
AN2/SS1/CN4/RB2[__|
PGC/EMUC/ANZ/CN3/RB1 [
PGD/EMUD/ANO/CN2/RBO [

© 00 N O g b~ WN P

D T e e e e e R e e e
O © o N o o W N BEFE O

AN7/RB7
VREF-/RA9
VREF+/RA10

AN6/OCFA/RB6

79 1 PWM2H/RE3

78 PWM2L/RE2

77 1 PWMIH/REL

AVDD

76 1 PWMIL/REO
75 1 CRX2/RGO
74 ] C2TX/RG1

73 ] citx/irF1

69 OCB8/CN16/UPDN/RD7

68 | OC7/CN15/RD6
67 [ OC6/CN14/RD5
66 [__] OC5/CN13/RD4
65 ] IC6/CN19/RD13
64 ] IC5/RD12

72 [ C1IRX/RFO

711 vop

70 [ Vbpcore

dsPIC33FJ128MC708PS

Vss
VDD

AN12/RB12
AN13/RB13
AN14/RB14

AVss
AN15/0CFB/CN12/RB15

AN8/RB8
AN9/RB9
AN10/RB10
AN11/RB11

IC7/CN20/RD14

63 OC4/RD3

IC8/CN21/RD15
U2RX/CN17/RF4

62 [__] OC3/RD2

61 EMUD2/0OC2/RD1

U2TX/CN18/RF5

60
59
58
57
56
55
54
53
52
51
50
49
48
47
46
45
44
43
42
4

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

[ 1 EMUC1/SOSCO/T1CK/CNO/RC14
] EMUD1/SOSCI/CN1/RC13
] EMUC2/0C1/RDO

[ ]1C4/RD11

[ 11C3/RD10

[ 11C2/RD9

| 1ICU/RD8

1 SDA2/INT4/RA15

[ ] SCL2/INT3/RA14

[ ]Vss

] OSC2/CLKO/RC15

] OSC1/CLKIN/RC12

[ 1Vop

[ 1SCL1/RG2

1 SDALRG3

] EMUC3/SCKL/INTO/RF6
1 SDII/RF7

] SDO1/RF8

1 UIRX/RF2

[ ] EMUD3/UITX/RF3
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dsPIC33F

Pin Diagrams (Continued)

100-Pin TQFP
~
a
o
g g
5 g 58838 g
03NS EBRS E%sce g
ECronmocesdS3a8se E§93385
STl eTS85crprxy cazzzdoIoaow
mNNB%QHHQQ\K'XR o000 ZQ0kexaa
SScBppESCSEEEE 285883352
5228882222808 088S008000C8380im
(O OO ONOULITONAODDONONDTNNAOOD O NO \
Q0029 D® DD MO0 0DD®DNNMNN
COFS/IRG15 [ 1 75 [ _vss
voo [ 2 74 [__] EMUCL/SOSCO/T1CK/CNO/RC14
PWM3H/RES [ 3 73 [__] EMUD1/SOSCI/CN1/RC13
PWMAL/RES [ 4 72 1 EMUC2/0C1/RDO
PWM4H/RE7 [_| 5 71 [ IC4/RD1L
AN16/T2CK/T7CK/RCL ] 6 70 [1IC3/RD10
AN17/T3CKIT6CK/RC2 | 7 69 [__11C2/RD9
AN18/TACK/TICK/RC3 [ | 8 68 [__1ICL/RDS
AN19/T5CK/T8CK/RC4A | 9 67 [__1INT4/RA15
SCK2/CN8/RG6 [_| 10 66 [__1INT3/RA14
SDI2ICN9/RG7 [ 11 65 [ _1Vss
SDO2/CN10/RG8 [_] 12 64 ] OSC2/CLKO/RC15
o MCLR [ 13 dsPIC33FJ256MC710PS 63 [__] OSC1/CLKIN/RC12
SS2/CN11/RGO [ 14 62 [__1VoD
Vss[_]15 61 [__|RA5
voo[]| 16 60 __1RA4
RAO |17 59 [ SDA2/RA3
AN20/FLTA/INTU/RA12[_] 18 58 [ SCL2/IRA2
AN21/FLTB/INT2/RA13[_] 19 57 [_1SCL1/RG2
ANS/QEB/CN7/RB5[_| 20 56 [__] SDA1L/RG3
AN4/QEA/CNG/RB4[_| 21 55 ] EMUC3/SCKL/INTO/RF6
AN3/INDX/CN5/RB3[] 22 54 [ ] SDIURF7
AN2/SS1/CN4/IRB2[_]| 23 53 [ SDOL/RF8
PGC/EMUC/ANT/CN3/RB1[_]| 24 52 [ ] UIRX/RF2
PGD/EMUD/ANO/CN2/RBO[_| 25 51 [__] EMUD3/UITX/RF3
OMN~N0VODO AN MTWULONODDOANMSTLW ONOO O
\ N AN ANANOOHOOHOOHOOHOOHOOHOHONHOHSTITTITTT TS T TN /
AE22 8833298823993 9883485R
EckgsscaPR-SeEEREEEC SRRt
Tz Y% F Z =239 DI DTS Sadd
U<(|5II:J“' Fa== E-dddad o Z2 =2
o) S 4 z Z rozzzz ZZ00
s g << S8§TITIO So%%
< S>> B SR& b
< S LLyy
o)
9
=2
<
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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Web site; http://www.microchip.com
e Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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1.0 DEVICE OVERVIEW

Note:  This data sheet summarizes the features
of this group of dsPIC33F devices. It is not
intended to be a comprehensive reference
source. To complement the information in
this data sheet, refer to the “dsPIC30F
Family Reference Manual” (DS70046).

The dsPIC33F General Purpose and Motor Control
Families of devices include devices with a wide range
of pin counts (64, 80 and 100), different program
memory sizes (64 Kbytes, 128 Kbytes and 256 Kbytes)
and different RAM sizes (8 Kbytes, 16 Kbytes and
30 Kbytes).

Note: Devices marked “PS” contain 9 Kbytes,

This document contains device specific information for
the following devices:

e dsPIC33FJ64GP206

e dsPIC33FJ64GP306

» dsPIC33FJ64GP310

» dsPIC33FJ64GP706

» dsPIC33FJ64GP708

e dsPIC33FJ64GP710

e dsPIC33FJ128GP206

e dsPIC33FJ128GP306

» dsPIC33FJ128GP310

» dsPIC33FJ128GP706

» dsPIC33FJ128GP708

e dsPIC33FJ128GP710

e dsPIC33FJ256GP506

e dsPIC33FJ256GP510

e dsPIC33FJ256GP710

» dsPIC33FJ128GP706PS
» dsPIC33FJ128GP708PS
e dsPIC33FJ256GP710PS
e dsPIC33FJ64MC506

e dsPIC33FJ64MC508

e dsPIC33FJ64MC510

« dsPIC33FJ64MC706

e dsPIC33FJ64MC710

e dsPIC33FJ128MC506

e dsPIC33FJ128MC510

e dsPIC33FJ128MC706

« dsPIC33FJ128MC708

e dsPIC33FJ128MC710

e dsPIC33FJ256MC510

e dsPIC33FJ256MC710

e dsPIC33FJ128MC706PS
e dsPIC33FJ128MC708PS
e dsPIC33FJ256MC710PS

17 Kbytes and 33 Kbytes of RAM.

This makes these families suitable for a wide variety of
high-performance digital signal control application. The
devices are pin compatible with the PIC24H family of
devices, and also share a very high degree of compatibil-
ity with the dsPIC30F family devices. This allows easy
migration between device families as may be necessi-
tated by the specific functionality, computational resource
and system cost requirements of the application.

The dsPIC33F device family employs a powerful 16-bit
architecture that seamlessly integrates the control
features of a Microcontroller (MCU) with the
computational capabilities of a Digital Signal Processor
(DSP). The resulting functionality is ideal for
applications that rely on high-speed, repetitive
computations, as well as control.

The DSP engine, dual 40-bit accumulators, hardware
support for division operations, barrel shifter, 17 x 17
multiplier, a large array of 16-bit working registers and
a wide variety of data addressing modes, together
provide the dsPIC33F Central Processing Unit (CPU)
with extensive mathematical processing capability.
Flexible and deterministic interrupt handling, coupled
with a powerful array of peripherals, renders the
dsPIC33F devices suitable for control applications.
Further, Direct Memory Access (DMA) enables
overhead-free transfer of data between several
peripherals and a dedicated DMA RAM. Reliable, field
programmable Flash program memory ensures
scalability of applications that use dsPIC33F devices.

Figure 1-1 shows a general block diagram of the
various core and peripheral modules in the dsPIC33F
family of devices, while Table 1-1 lists the functions of
the various pins shown in the pinout diagrams.

© 2006 Microchip Technology Inc.
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FIGURE 1-1: dsPIC33F GENERAL BLOCK DIAGRAM
PSV & Table
Data Access <
Control Block < Y Data Bus >
Interrupt X Data Bus
Controller 4 A P PORTA
16
8 16 16 DMA
+ Data Latch | |Data Latch RAM
PCU PCL X RAM Y RAM ' PORTB
Program Counter
Stack Loop Address Address
Control Control Latch Latch
Logic Logic DMA 6
Controller
16 16
=) PORTC
Address Latch Address Generator Units
Program Memory
Address Bus v EA MUX
Data Latch ROM Latch + PORTD
16 16
o]
_ g <
Instruction Q
Dgcodel& T —— g
5 16 > =( PORTE
Control Signals
to Various Blocks v DSP Engine v
P 16x16 ‘ ’
0SC2/CLKO| _ Timing Power-up . W Register Array
ose1/cLKl | Generation |4 Timer Divide Support [P 16 bORTE
X€4» Oscillator
FRC/LPRC Start-up Timer
Oscillators
Power-on
Precision 16-bit ALU
Band Gap —pp|| Watchdog
Reference Timer PORTG
Voltage Brown-out ’
Regulator > Reset
VDDCORE/VCAP VDD, Vss MCLR
T"l“_grs PWM QEI Dl ADC1,2 CANL2
IC1-8 oc/ CN1-23 SPI1,2 12C1,2
i PWM1-8 g . , UART1,2
Note: Not all pins or features are implemented on all device pinout configurations. See pinout diagrams for the specific pins
and features present on each device.
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TABLE 1-1: PINOUT 1/0O DESCRIPTIONS
. Pin Buffer I
Pin Name Type Type Description

ANO-AN31 | Analog |Analog input channels.

AVDD P P Positive supply for analog modules.

AVss P P Ground reference for analog modules.

CLKI | ST/CMOS |External clock source input. Always associated with OSC1 pin function.

CLKO (0] — Oscillator crystal output. Connects to crystal or resonator in Crystal Oscillator mode.
Optionally functions as CLKO in RC and EC modes. Always associated with OSC2
pin function.

CNO-CN23 | ST Input change notification inputs.
Can be software programmed for internal weak pull-ups on all inputs.

COFSs 110 ST Data Converter Interface frame synchronization pin.

CSCK 110 ST Data Converter Interface serial clock input/output pin.

CSDI | ST Data Converter Interface serial data input pin.

CSDO (0] — Data Converter Interface serial data output pin.

C1RX | ST ECANL1 bus receive pin.

C1TX (0] — ECANL1 bus transmit pin.

C2RX | ST ECANZ2 bus receive pin.

C2TX (0] — ECAN2 bus transmit pin.

PGD1/EMUD1 110 ST Data I/O pin for programming/debugging communication channel 1.

PGC1/EMUC1 | ST Clock input pin for programming/debugging communication channel 1.

PGD2/EMUD2 110 ST Data I/0 pin for programming/debugging communication channel 2.

PGC2/EMUC2 | ST Clock input pin for programming/debugging communication channel 2.

PGD3/EMUD3 110 ST Data I/O pin for programming/debugging communication channel 3.

PGC3/EMUC3 | ST Clock input pin for programming/debugging communication channel 3.

IC1-IC8 | ST Capture inputs 1 through 8.

INDX | ST Quadrature Encoder Index Pulse input.

QEA | ST Quadrature Encoder Phase A input in QEI mode.
Auxiliary Timer External Clock/Gate input in Timer mode.

QEB | ST Quadrature Encoder Phase A input in QEl mode.
Auxiliary Timer External Clock/Gate input in Timer mode.

UPDN (0] CMOS |Position Up/Down Counter Direction State.

INTO | ST External interrupt O.

INT1 | ST External interrupt 1.

INT2 | ST External interrupt 2.

INT3 | ST External interrupt 3.

INT4 | ST External interrupt 4.

FLTA | ST PWM Fault A input.

FLTB | ST PWM Fault B input.

PWM1L (0] — PWM 1 low output.

PWM1H (0] — PWM 1 high output.

PWM2L (0] — PWM 2 low output.

PWM2H (0] — PWM 2 high output.

PWM3L (0] — PWM 3 low output.

PWM3H (0] — PWM 3 high output.

PWM4L (0] — PWM 4 low output.

PWM4H (0] — PWM 4 high output.

MCLR 1P ST Master Clear (Reset) input. This pin is an active-low Reset to the device.

OCFA | ST Compare Fault A input (for Compare Channels 1, 2, 3 and 4).

OCFB | ST Compare Fault B input (for Compare Channels 5, 6, 7 and 8).

0C1-0C8 (0] — Compare outputs 1 through 8.

0osc1 | ST/CMOS |Oscillator crystal input. ST buffer when configured in RC mode; CMOS otherwise.

0sc2 110 — Oscillator crystal output. Connects to crystal or resonator in Crystal Oscillator mode.
Optionally functions as CLKO in RC and EC modes.

Legend: CMOS = CMOS compatible input or output; Analog = Analog input

ST = Schmitt Trigger input with CMOS levels; O = Output; | = Input; P = Power
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TABLE 1-1: PINOUT 1I/O DESCRIPTIONS (CONTINUED)
. Pin Buffer I
Pin Name Type Type Description
RAO-RA7 110 ST PORTA is a bidirectional 1/O port.
RA9-RA10 1/0 ST
RA12-RA15 1/0 ST
RBO-RB15 110 ST PORTB is a bidirectional I/O port.
RC1-RC4 le} ST PORTC is a bidirectional 1/0 port.
RC12-RC15 1/0 ST
RDO0-RD15 110 ST PORTD is a bidirectional I/0 port.
REO-RE9 110 ST PORTE is a bidirectional I/O port.
RFO-RF8 110 ST PORTF is a bidirectional 1/0 port.
RF12-RF13
RGO0-RG3 110 ST PORTG is a bidirectional 1/O port.
RG6-RG9 1/0 ST
RG12-RG15 1/0 ST
SCK1 110 ST Synchronous serial clock input/output for SPI1.
SDI1 | ST SPI1 data in.
SDO1 (0] — SPI1 data out.
SS1 110 ST SPI1 slave synchronization or frame pulse 1/O.
SCK2 110 ST Synchronous serial clock input/output for SPI2.
SDI2 I ST SPI2 data in.
SDO2 o — SPI2 data out.
SS2 110 ST SPI2 slave synchronization or frame pulse 1/O.
SCL1 110 ST Synchronous serial clock input/output for 12C1.
SDA1 110 ST Synchronous serial data input/output for 12C1.
SCL2 110 ST Synchronous serial clock input/output for 12C2.
SDA2 110 ST Synchronous serial data input/output for 12C2.
SOSCI | ST/CMOS [32.768 kHz low-power oscillator crystal input; CMOS otherwise.
SOSCO (0] — 32.768 kHz low-power oscillator crystal output.
TMS | ST JTAG Test mode select pin.
TCK | ST JTAG test clock input pin.
TDI | ST JTAG test data input pin.
TDO (0] — JTAG test data output pin.
T1CK | ST Timerl external clock input.
T2CK | ST Timer2 external clock input.
T3CK | ST Timer3 external clock input.
T4CK | ST Timer4 external clock input.
T5CK | ST Timer5 external clock input.
T6CK | ST Timer6 external clock input.
T7CK | ST Timer7 external clock input.
T8CK | ST Timer8 external clock input.
TI9CK | ST Timer9 external clock input.
U1CTS | ST UART1 clear to send.
U1RTS (0] — UART1 ready to send.
U1RX | ST UART1 receive.
uiTXx o — UART1 transmit.
U2CTS | ST UART?2 clear to send.
U2RTS (0] — UART2 ready to send.
U2RX | ST UART2 receive.
u2TX o — UART?2 transmit.
VDD P — Positive supply for peripheral logic and 1/O pins.
VDDCORE P — CPU logic filter capacitor connection.
Vss P — Ground reference for logic and 1/O pins.
VREF+ | Analog |Analog voltage reference (high) input.
VREF- | Analog |Analog voltage reference (low) input.
Legend: CMOS = CMOS compatible input or output; Analog = Analog input

ST = Schmitt Trigger input with CMOS levels; O = Output; | = Input; P = Power
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20 CPU

Note:  This data sheet summarizes the features
of this group of dsPIC33F devices. It is not
intended to be a comprehensive reference
source. To complement the information in
this data sheet, refer to the “dsPIC30F
Family Reference Manual” (DS70046).

The dsPIC33F CPU module has a 16-bit (data) modified
Harvard architecture with an enhanced instruction set,
including significant support for DSP. The CPU has a
24-bit instruction word with a variable length opcode field.
The Program Counter (PC) is 23bits wide and
addresses up to 4M x 24 bits of user program memory
space. The actual amount of program memory
implemented varies by device. A single-cycle instruction
prefetch mechanism is used to help maintain throughput
and provides predictable execution. All instructions
execute in a single cycle, with the exception of
instructions that change the program flow, the double
word move (MOV . D) instruction and the table instructions.
Overhead-free program loop constructs are supported
using the DO and REPEAT instructions, both of which are
interruptible at any point.

The dsPIC33F devices have sixteen, 16-bit working
registers in the programmer’s model. Each of the working
registers can serve as a data, address or address offset
register. The 16th working register (W15) operates as a
software Stack Pointer (SP) for interrupts and calls.

The dsPIC33F instruction set has two classes of
instructions: MCU and DSP. These two instruction
classes are seamlessly integrated into a single CPU.
The instruction set includes many addressing modes
and is designed for optimum C compiler efficiency. For
most instructions, the dsPIC33F is capable of
executing a data (or program data) memory read, a
working register (data) read, a data memory write and
a program (instruction) memory read per instruction
cycle. As a result, three parameter instructions can be
supported, allowing A + B = C operations to be
executed in a single cycle.

A block diagram of the CPU is shown in Figure 2-1,
and the programmer’s model for the dsPIC33F is
shown in Figure 2-2.

2.1 Data Addressing Overview

The data space can be addressed as 32K words or
64 Kbytes and is split into two blocks, referred to as X
and Y data memory. Each memory block has its own
independent Address Generation Unit (AGU). The MCU
class of instructions operates solely through the X mem-
ory AGU, which accesses the entire memory map as one
linear data space. Certain DSP instructions operate
through the X and Y AGUs to support dual operand
reads, which splits the data address space into two parts.
The X and Y data space boundary is device-specific.

Overhead-free circular buffers (Modulo Addressing
mode) are supported in both X and Y address spaces.
The Modulo Addressing removes the software boundary
checking overhead for DSP algorithms. Furthermore,
the X AGU circular addressing can be used with any of
the MCU class of instructions. The X AGU also supports
Bit-Reversed Addressing to greatly simplify input or
output data reordering for radix-2 FFT algorithms.

The upper 32 Kbytes of the data space memory map can
optionally be mapped into program space at any 16K
program word boundary defined by the 8-bit Program
Space Visibility Page (PSVPAG) register. The program to
data space mapping feature lets any instruction access
program space as if it were data space.

The data space also includes 1 Kbyte of DMA RAM,
which is primarily used for DMA data transfers, but may
be used as general purpose RAM.

2.2 DSP Engine Overview

The DSP engine features a high-speed, 17-bit by 17-bit
multiplier, a 40-bit ALU, two 40-bit saturating
accumulators and a 40-bit bidirectional barrel shifter.
The barrel shifter is capable of shifting a 40-bit value,
up to 16 bits right or left, in a single cycle. The DSP
instructions operate seamlessly with all other
instructions and have been designed for optimal
real-time performance. The MAC instruction and other
associated instructions can concurrently fetch two data
operands from memory while multiplying two W
registers and accumulating and optionally saturating
the result in the same cycle. This instruction
functionality requires that the RAM memory data space
be split for these instructions and linear for all others.
Data space partitioning is achieved in a transparent
and flexible manner through dedicating certain working
registers to each address space.

2.3 Special MCU Features

The dsPIC33F features a 17-bit by 17-bit, single-cycle
multiplier that is shared by both the MCU ALU and DSP
engine. The multiplier can perform signed, unsigned
and mixed-sign multiplication. Using a 17-bit by 17-bit
multiplier for 16-bit by 16-bit multiplication not only
allows you to perform mixed-sign multiplication, it also
achieves accurate results for special operations, such
as (-1.0) x (-1.0).

The dsPIC33F supports 16/16 and 32/16 divide
operations, both fractional and integer. All divide
instructions are iterative operations. They must be
executed within a REPEAT loop, resulting in a total
execution time of 19 instruction cycles. The divide
operation can be interrupted during any of those
19 cycles without loss of data.

A 40-bit barrel shifter is used to perform up to a 16-bit,
left or right shift in a single cycle. The barrel shifter can
be used by both MCU and DSP instructions.

© 2006 Microchip Technology Inc.
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FIGURE 2-1: dsPIC33F CPU CORE BLOCK DIAGRAM
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FIGURE 2-2: dsPIC33F PROGRAMMER’S MODEL
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2.4 CPU Control Registers

REGISTER 2-1: SR: CPU STATUS REGISTER
R-0 R-0 R/C-0 R/C-0 R-0 R/C-0 R-0 R/W-0
OA OB sA® s® OAB SAB DA DC
bit 15 bit 8
R/W-00) R/W-00) R/W-0) R-0 R/W-0 R/W-0 R/W-0 R/W-0
IPL<2:0>() RA N oV z C
bit 7 bit 0
Legend:
C = Clear only bit R = Readable bit U = Unimplemented bit, read as ‘0’
S = Set only bit W = Writable bit -n = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 15 OA: Accumulator A Overflow Status bit

1 = Accumulator A overflowed
0 = Accumulator A has not overflowed

bit 14 OB: Accumulator B Overflow Status bit
1 = Accumulator B overflowed
0 = Accumulator B has not overflowed
bit 13 SA: Accumulator A Saturation ‘Sticky’ Status bit(1)
1 = Accumulator A is saturated or has been saturated at some time
0 = Accumulator A is not saturated
bit 12 SB: Accumulator B Saturation ‘Sticky’ Status bit(1)
1 = Accumulator B is saturated or has been saturated at some time
0 = Accumulator B is not saturated
bit 11 OAB: OA || OB Combined Accumulator Overflow Status bit
1 = Accumulators A or B have overflowed
0 = Neither Accumulators A or B have overflowed
bit 10 SAB: SA || SB Combined Accumulator ‘Sticky’ Status bit
1 = Accumulators A or B are saturated or have been saturated at some time in the past
0 = Neither Accumulator A or B are saturated
Note:  This bit may be read or cleared (not set). Clearing this bit will clear SA and SB.
bit 9 DA: DO Loop Active bit
1 = DO loop in progress
0 = DO loop not in progress
bit 8 DC: MCU ALU Half Carry/Borrow bit
1 = Acarry-out from the 4th low-order bit (for byte-sized data) or 8th low-order bit (for word-sized data)
of the result occurred
0 = No carry-out from the 4th low-order bit (for byte-sized data) or 8th low-order bit (for word-sized
data) of the result occurred
Note 1: This bit may be read or cleared (not set).

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

IPL<3>=1.

3: The IPL<2:0> Status bits are read only when NSTDIS = 1 (INTCON1<15>).
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REGISTER 2-1: SR: CPU STATUS REGISTER (CONTINUED)

bit 7-5

bit 4

bit 3

bit 2

bit 1

bit 0

Note 1:

IPL<2:0>: CPU Interrupt Priority Level Status bits®®

111 = CPU Interrupt Priority Level is 7 (15), user interrupts disabled
110 = CPU Interrupt Priority Level is 6 (14)

101 = CPU Interrupt Priority Level is 5 (13)

100 = CPU Interrupt Priority Level is 4 (12)

011 = CPU Interrupt Priority Level is 3 (11)

010 = CPU Interrupt Priority Level is 2 (10)

001 = CPU Interrupt Priority Level is 1 (9)

000 = CPU Interrupt Priority Level is 0 (8)

RA: REPEAT Loop Active bit

1 = REPEAT loop in progress

0 = REPEAT loop not in progress

N: MCU ALU Negative bit

1 = Result was negative

0 = Result was non-negative (zero or positive)

OV: MCU ALU Overflow bit

This bit is used for signed arithmetic (2's complement). It indicates an overflow of the magnitude which
causes the sign bit to change state.

1 = Overflow occurred for signed arithmetic (in this arithmetic operation)

0 = No overflow occurred

Z: MCU ALU Zero bit

1 = An operation which effects the Z bit has set it at some time in the past

0 = The most recent operation which effects the Z bit has cleared it (i.e., a non-zero result)
C: MCU ALU Carry/Borrow bit

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

This bit may be read or cleared (not set).

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

The IPL<2:0> Status bits are read only when NSTDIS = 1 (INTCON1<15>).
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REGISTER 2-2: CORCON: CORE CONTROL REGISTER
u-0 U-0 u-0 R/W-0 R/W-0 R-0 R-0 R-0
— — | — | us | Ept® | DL<2:0>
bit 15 bit 8
R/W-0 R/W-0 R/W-1 R/W-0 R/C-0 R/W-0 R/W-0 R/W-0
SATA SATB SATDW ACCSAT IPL3®@ PSV RND IF
bit 7 bit 0
Legend: C = Clear only bit

R = Readable bit
0’ = Bit is cleared

-n = Value at POR ‘1’ = Bit is set
U = Unimplemented bit, read as ‘0’

W = Writable bit
‘X = Bit is unknown

bit 15-13
bit 12

bit 11

bit 10-8

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Note 1:
2:

Unimplemented: Read as ‘0’
US: DSP Multiply Unsigned/Signed Control bit

1 = DSP engine multiplies are unsigned
0 = DSP engine multiplies are signed

EDT: Early DO Loop Termination Control bit(1)

1 = Terminate executing DO loop at end of current loop iteration
0 = No effect

DL<2:0>: DO Loop Nesting Level Status bits
111 =7 DO loops active

001 =1 DO loop active
000 =0 DO loops active

SATA: AccA Saturation Enable bit

1 = Accumulator A saturation enabled
0 = Accumulator A saturation disabled

SATB: AccB Saturation Enable bit

1 = Accumulator B saturation enabled
0 = Accumulator B saturation disabled

SATDW: Data Space Write from DSP Engine Saturation Enable bit

1 = Data space write saturation enabled
0 = Data space write saturation disabled

ACCSAT: Accumulator Saturation Mode Select bit

1 = 9.31 saturation (super saturation)
0 = 1.31 saturation (normal saturation)

IPL3: CPU Interrupt Priority Level Status bit 32

1 = CPU interrupt priority level is greater than 7
0 = CPU interrupt priority level is 7 or less

PSV: Program Space Visibility in Data Space Enable bit

1 = Program space visible in data space
0 = Program space not visible in data space

RND: Rounding Mode Select bit

1 = Biased (conventional) rounding enabled
0 = Unbiased (convergent) rounding enabled

IF: Integer or Fractional Multiplier Mode Select bit

1 = Integer mode enabled for DSP multiply ops
0 = Fractional mode enabled for DSP multiply ops

This bit will always read as ‘0.
The IPL3 bit is concatenated with the IPL<2:0> bits (SR<7:5>) to form the CPU interrupt priority level.

DS70165B-page 38

Advance Information © 2006 Microchip Technology Inc.




dsPIC33F

2.5 Arithmetic Logic Unit (ALU)

The dsPIC33F ALU is 16 bits wide and is capable of
addition, subtraction, bit shifts and logic operations.
Unless otherwise mentioned, arithmetic operations are
2's complement in nature. Depending on the operation,
the ALU may affect the values of the Carry (C), Zero
(2), Negative (N), Overflow (OV) and Digit Carry (DC)
Status bits in the SR register. The C and DC Status bits
operate as Borrow and Digit Borrow bits, respectively,
for subtraction operations.

The ALU can perform 8-bit or 16-bit operations,
depending on the mode of the instruction that is used.
Data for the ALU operation can come from the W reg-
ister array, or data memory, depending on the address-
ing mode of the instruction. Likewise, output data from
the ALU can be written to the W register array or a data
memory location.

Refer to the “dsPIC30F/33F Programmer’s Reference
Manual” (DS70157) for information on the SR bits
affected by each instruction.

The dsPIC33F CPU incorporates hardware support for
both multiplication and division. This includes a dedi-
cated hardware multiplier and support hardware for
16-bit-divisor division.

251 MULTIPLIER

Using the high-speed 17-bit x 17-bit multiplier of the DSP
engine, the ALU supports unsigned, signed or mixed-sign
operation in several MCU multiplication modes:

16-hit x 16-bit signed

16-hbit x 16-bit unsigned

16-hit signed x 5-bit (literal) unsigned
16-bit unsigned x 16-bit unsigned
16-bit unsigned x 5-bit (literal) unsigned
16-bit unsigned x 16-bit signed

7. 8-bit unsigned x 8-bit unsigned

S A

252 DIVIDER

The divide block supports 32-bit/16-bit and 16-bit/16-bit
signed and unsigned integer divide operations with the
following data sizes:

32-bit signed/16-bit signed divide
32-bit unsigned/16-bit unsigned divide
16-hit signed/16-bit signed divide
16-bit unsigned/16-bit unsigned divide

The quotient for all divide instructions ends up in WO
and the remainder in W1. 16-bit signed and unsigned
DIV instructions can specify any W register for both the
16-hit divisor (Wn) and any W register (aligned) pair
(W(m + 1):Wm) for the 32-bit dividend. The divide algo-
rithm takes one cycle per bit of divisor, so both
32-bit/16-bit and 16-bit/16-bit instructions take the
same number of cycles to execute.

PoODNPE

2.6 DSP Engine

The DSP engine consists of a high-speed, 17-bit x
17-bit multiplier, a barrel shifter and a 40-bit
adder/subtracter (with two target accumulators, round
and saturation logic).

The dsPIC33F is a single-cycle, instruction flow architec-
ture; therefore, concurrent operation of the DSP engine
with MCU instruction flow is not possible. However, some
MCU ALU and DSP engine resources may be used
concurrently by the same instruction (e.g., ED, EDAC).

The DSP engine also has the capability to perform
inherent accumulator-to-accumulator operations which
require no additional data. These instructions are ADD,
SUB and NEG.

The DSP engine has various options selected through
various bits in the CPU Core Control register
(CORCON), as listed below:

1. Fractional or integer DSP multiply (IF).

Signed or unsigned DSP multiply (US).
Conventional or convergent rounding (RND).
Automatic saturation on/off for AccA (SATA).
Automatic saturation on/off for AccB (SATB).
Automatic saturation on/off for writes to data
memory (SATDW).

7. Accumulator Saturation mode selection (ACCSAT).

ogMwWDN

A block diagram of the DSP engine is shown in
Figure 2-3.

TABLE 2-1: DSP INSTRUCTIONS SUMMARY

Instruction Algebraic Operation ACC Write Back
CLR A=0 Yes
ED A=(x—-y)? No

EDAC A=A+ (x—y)? No
MAC A=A+ (xX*y) Yes
MAC A=A+x° No
MOVSAC No change in A Yes
MPY A=x*y No
MPY A=x? No
MPY.N A=-x*y No
MSC A=A-Xx*y Yes
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FIGURE 2-3: DSP ENGINE BLOCK DIAGRAM
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2.6.1 MULTIPLIER

The 17-bit x 17-bit multiplier is capable of signed or
unsigned operation and can multiplex its output using a
scaler to support either 1.31 fractional (Q31) or 32-bit
integer results. Unsigned operands are zero-extended
into the 17th bit of the multiplier input value. Signed
operands are sign-extended into the 17th bit of the
multiplier input value. The output of the 17-bit x 17-bit
multiplier/scaler is a 33-bit value which s
sign-extended to 40 bits. Integer data is inherently rep-
resented as a signed two’s complement value, where
the MSB is defined as a sign bit. Generally speaking,
the range of an N-bit two’s complement integer is 2N
to 21 — 1. For a 16-bit integer, the data range is
-32768 (0x8000) to 32767 (0Ox7FFF) including ‘0’. For a
32-bit integer, the data range is -2,147,483,648
(0x8000 0000) to 2,147,483,647 (0Ox7FFF FFFF).

When the multiplier is configured for fractional multipli-
cation, the data is represented as a two’s complement
fraction, where the MSB is defined as a sign bit and the
radix point is implied to lie just after the sign bit (QX
format). The range of an N-bit two's complement
fraction with this implied radix point is -1.0 to (1 — 21™N).
For a 16-bit fraction, the Q15 data range is -1.0
(0x8000) to 0.999969482 (0x7FFF) including ‘0’ and
has a precision of 3.01518x10. In Fractional mode,
the 16 x 16 multiply operation generates a 1.31 product
which has a precision of 4.65661 x 10710,

The same multiplier is used to support the MCU multi-
ply instructions which include integer 16-bit signed,
unsigned and mixed sign multiplies.

The MUL instruction may be directed to use byte or
word sized operands. Byte operands will direct a 16-bit
result, and word operands will direct a 32-bit result to
the specified register(s) in the W array.

2.6.2 DATA ACCUMULATORS AND
ADDER/SUBTRACTER

The data accumulator consists of a 40-bit
adder/subtracter with automatic sign extension logic. It
can select one of two accumulators (A or B) as its
pre-accumulation source and post-accumulation desti-
nation. For the ADD and LAC instructions, the data to be
accumulated or loaded can be optionally scaled via the
barrel shifter prior to accumulation.

2.6.2.1 Adder/Subtracter, Overflow and
Saturation

The adder/subtracter is a 40-bit adder with an optional
zero input into one side, and either true, or complement
data into the other input. In the case of addition, the
carry/borrow input is active-high and the other input is
true data (not complemented), whereas in the case of
subtraction, the carry/borrow input is active-low and the
other input is complemented. The adder/subtracter
generates Overflow Status bits, SA/SB and OA/OB,
which are latched and reflected in the STATUS register:

» Overflow from bit 39: this is a catastrophic
overflow in which the sign of the accumulator is
destroyed.

« Overflow into guard bits 32 through 39: this is a
recoverable overflow. This bit is set whenever all
the guard bits are not identical to each other.

The adder has an additional saturation block which
controls accumulator data saturation, if selected. It
uses the result of the adder, the Overflow Status bits
described above and the SAT<A:B> (CORCONK<7:6>)
and ACCSAT (CORCON<4>) mode control bits to
determine when and to what value to saturate.

Six STATUS register bits have been provided to
support saturation and overflow; they are:

1. OA:
AccA overflowed into guard bits

2. OB:
AccB overflowed into guard bits

3. SA:
AccA saturated (bit 31 overflow and saturation)
or
AccA overflowed into guard bits and saturated
(bit 39 overflow and saturation)

4. SB:
AccB saturated (bit 31 overflow and saturation)
or
AccB overflowed into guard bits and saturated
(bit 39 overflow and saturation)

5. OAB:
Logical OR of OA and OB
6. SAB:

Logical OR of SA and SB

The OA and OB bits are modified each time data
passes through the adder/subtracter. When set, they
indicate that the most recent operation has overflowed
into the accumulator guard bits (bits 32 through 39).
The OA and OB bits can also optionally generate an
arithmetic warning trap when set and the correspond-
ing Overflow Trap Flag Enable bits (OVATE, OVBTE) in
the INTCONL1 register (refer to Section 6.0 “Interrupt
Controller”) are set. This allows the user to take
immediate action, for example, to correct system gain.
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The SA and SB bits are modified each time data
passes through the adder/subtracter, but can only be
cleared by the user. When set, they indicate that the
accumulator has overflowed its maximum range (bit 31
for 32-bit saturation or bit 39 for 40-bit saturation) and
will be saturated (if saturation is enabled). When
saturation is not enabled, SA and SB default to bit 39
overflow and, thus, indicate that a catastrophic over-
flow has occurred. If the COVTE bit in the INTCON1
register is set, SA and SB bits will generate an arith-
metic warning trap when saturation is disabled.

The Overflow and Saturation Status bits can optionally
be viewed in the STATUS register (SR) as the logical
OR of OA and OB (in bit OAB) and the logical OR of SA
and SB (in bit SAB). This allows programmers to check
one bit in the STATUS register to determine if either
accumulator has overflowed, or one bit to determine if
either accumulator has saturated. This would be useful
for complex number arithmetic which typically uses
both the accumulators.

The device supports three Saturation and Overflow
modes:

1. Bit 39 Overflow and Saturation:
When bit 39 overflow and saturation occurs, the
saturation logic loads the maximally positive 9.31
(OX7FFFFFFFFF), or maximally negative 9.31
value (0x8000000000), into the target accumula-
tor. The SA or SB bit is set and remains set until
cleared by the user. This is referred to as ‘super
saturation’ and provides protection against erro-
neous data or unexpected algorithm problems
(e.g., gain calculations).

2. Bit 31 Overflow and Saturation:
When bit 31 overflow and saturation occurs, the
saturation logic then loads the maximally posi-
tive 1.31 value (0x007FFFFFFF), or maximally
negative 1.31 value (0x0080000000), into the
target accumulator. The SA or SB bit is set and
remains set until cleared by the user. When this
Saturation mode is in effect, the guard bits are
not used (so the OA, OB or OAB bits are never
set).

3. Bit 39 Catastrophic Overflow:
The bit 39 Overflow Status bit from the adder is
used to set the SA or SB bit, which remains set
until cleared by the user. No saturation operation
is performed and the accumulator is allowed to
overflow (destroying its sign). If the COVTE bit in
the INTCONL1 register is set, a catastrophic
overflow can initiate a trap exception.

2.6.2.2 Accumulator ‘Write Back’

The MAC class of instructions (with the exception of
MPY, MPY.N, ED and EDAC) can optionally write a
rounded version of the high word (bits 31 through 16)
of the accumulator that is not targeted by the instruction
into data space memory. The write is performed across
the X bus into combined X and Y address space. The
following addressing modes are supported:

1. W13, Register Direct:
The rounded contents of the non-target
accumulator are written into W13 as a
1.15 fraction.

2. [W13]+=2, Register Indirect with Post-Increment:
The rounded contents of the non-target accumu-
lator are written into the address pointed to by
W13 as a 1.15 fraction. W13 is then
incremented by 2 (for a word write).

2.6.2.3 Round Logic

The round logic is a combinational block which
performs a conventional (biased) or convergent
(unbiased) round function during an accumulator write
(store). The Round mode is determined by the state of
the RND bit in the CORCON register. It generates a
16-bit, 1.15 data value which is passed to the data
space write saturation logic. If rounding is not indicated
by the instruction, a truncated 1.15 data value is stored
and the least significant word is simply discarded.

Conventional rounding zero-extends bit 15 of the accu-
mulator and adds it to the ACCxH word (bits 16 through
31 of the accumulator). If the ACCxL word (bits O
through 15 of the accumulator) is between 0x8000 and
OxFFFF (0x8000 included), ACCxH is incremented. If
ACCXxL is between 0x0000 and Ox7FFF, ACCxH is left
unchanged. A consequence of this algorithm is that
over a succession of random rounding operations, the
value tends to be biased slightly positive.

Convergent (or unbiased) rounding operates in the
same manner as conventional rounding, except when
ACCxL equals 0x8000. In this case, the Least Signifi-
cant bit (bit 16 of the accumulator) of ACCxH is
examined. If itis ‘1’, ACCxH is incremented. If it is ‘0’,
ACCxH is not modified. Assuming that bit 16 is
effectively random in nature, this scheme removes any
rounding bias that may accumulate.

The SAC and SAC.R instructions store either a
truncated (SAC), or rounded (SAC.R) version of the
contents of the target accumulator to data memory via
the X bus, subject to data saturation (see
Section 2.6.2.4 “Data Space Write Saturation”). For
the MAC class of instructions, the accumulator
write-back operation will function in the same manner,
addressing combined MCU (X and Y) data space
though the X bus. For this class of instructions, the data
is always subject to rounding.
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2.6.2.4 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 frac-
tional 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, For input data greater than
0x007FFF, data written to memory is forced to the max-
imum positive 1.15 value, Ox7FFF. For input 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.

2.6.3 BARREL SHIFTER

The barrel shifter is capable of performing 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 pre-
sented to the barrel shifter between bit positions 16 to
31 for right shifts, and between bit positions 0 to 16 for
left shifts.

© 2006 Microchip Technology Inc.

Advance Information

DS70165B-page 43



dsPIC33F

NOTES:

DS70165B-page 44 Advance Information © 2006 Microchip Technology Inc.



dsPIC33F

3.0 MEMORY ORGANIZATION

This data sheet summarizes the features
of this group of dsPIC33F devices. It is not
intended to be a comprehensive reference
source. To complement the information in
this data sheet, refer to the “dsPIC30F
Family Reference Manual” (DS70046).

Note:

The dsPIC33F architecture features separate program
and data memory spaces and buses. This architecture
also allows the direct access of program memory from
the data space during code execution.

3.1 Program Address Space

The program address memory space of the dsPIC33F
devices is 4M instructions. The space is addressable by a
24-bit value derived from either the 23-bit Program Counter
(PC) during program execution, or from table operation
or data space remapping as described in Section 3.6
“Interfacing Program and Data Memory Spaces”.

User access to the program memory space is restricted
to the lower half of the address range (0x000000 to
0x7FFFFF). The exception is the use of TBLRD/TBLWT
operations, which use TBLPAG<7> to permit access to
the Configuration bits and Device ID sections of the
configuration memory space.

Memory maps for the dsPIC33F family of devices are
shown in Figure 3-1.

FIGURE 3-1: PROGRAM MEMORY MAP FOR dsPIC33F FAMILY DEVICES
dsPIC33FJB4XXXXX dsPIC33FJ128XXXXX dsPIC33FJ256XXXXX
Y GOTO Instruction | _ . GOTO Instruction o GOTO Instruction | 0x000000
Reset Address | _ _ _ . Reset Address o Reset Address . 0;000004
Interrupt Vector Table Interrupt Vector Table Interrupt Vector Table 0X0000FE
Reserved |~~~ 7 Reserved T Reserved ~ 0x000100
Alternate Vector Table Alternate Vector Table Alternate Vector Table 8§88812?5
""" T " 0x000200
User Program
g Flash Memory
g (22K instructions) User Program User Program OXOOABFE
2 N I Flash Memory |- --- - Flash Memory ~ " 0x00AC00
> (44K instructions) (88K instructions)
o
IS
L e R U __Ox0157FE
= 0x015800
(]
(%]
D
Unimplemented
(Read ‘0’s) Unimplemented
(Read ‘0's) 0:02AC00
Unimplemented
(Read ‘0’s)
B oo _ OX7FFFFE
Y 0x800000
Reserved Reserved Reserved
Q
Q
I
jeR
0
= i i I i i i . ] i | . OXF7FFFE
g Device Configuration Device Configuration Device Configuration 0xF80000
9] Registers | Registers | Registers _ OXF8000E
= 0xF80010
c
§=]
8
=}
2
% Reserved Reserved Reserved
o
----- - - S
X
v DEVID (2) DEVID (2) DEVID (2) OXEFEEFE
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3.11 PROGRAM MEMORY

ORGANIZATION

The program memory space is organized in
word-addressable blocks. Although it is treated as
24 bits wide, it is more appropriate to think of each
address of the program memory as a lower and upper
word, with the upper byte of the upper word being
unimplemented. The lower word always has an even
address, while the upper word has an odd address
(Figure 3-2).

Program memory addresses are always word-aligned
on the lower word, and addresses are incremented or
decremented by two during code execution. This
arrangement also provides compatibility with data
memory space addressing and makes it possible to
access data in the program memory space.

3.1.2 INTERRUPT AND TRAP VECTORS

All dsPIC33F devices reserve the addresses between
0x00000 and 0x000200 for hard-coded program exe-
cution vectors. A hardware Reset vector is provided to
redirect code execution from the default value of the
PC on device Reset to the actual start of code. A GOTO
instruction is programmed by the user at 0x000000,
with the actual address for the start of code at
0x000002.

dsPIC33F devices also have two interrupt vector
tables, located from 0x000004 to OxOO0O00OFF and
0x000100 to 0XO001FF. These vector tables allow each
of the many device interrupt sources to be handled by
separate Interrupt Service Routines (ISRs). A more
detailed discussion of the interrupt vector tables is
provided in Section 6.1 “Interrupt Vector Table”.

FIGURE 3-2: PROGRAM MEMORY ORGANIZATION
msw most significant word least significant word PC Address
Address - A ~~ ~ (Isw Address)
23 16 8 0
0x000001 00000000 0x000000
0x000003 00000000 0x000002
0x000005 00000000 0x000004
0x000007 00000000 0x000006

\'

Program Memory
‘Phantom’ Byte
(read as ‘0’)

Instruction Width
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3.2 Data Address Space

The dsPIC33F CPU has a separate 16-bit wide data
memory space. The data space is accessed using sep-
arate Address Generation Units (AGUs) for read and
write operations. Data memory maps of devices with
different RAM sizes are shown in Figure 3-3 through
Figure 3-7.

All Effective Addresses (EAS) in the data memory space
are 16 bits wide and point to bytes within the data space.
This arrangement gives a data space address range of
64 Kbytes or 32K words. The lower half of the data
memory space (that is, when EA<15> = 0) is used for
implemented memory addresses, while the upper half
(EA<15> = 1) is reserved for the Program Space
Visibility area (see Section 3.6.3 “Reading Data From
Program Memory Using Program Space Visibility”).

dsPIC33F devices implement a total of 8 Kbytes of
data memory. Should an EA point to a location outside
of this area, an all-zero word or byte will be returned.

3.2.1 DATA SPACE WIDTH

The data memory space is organized in byte address-
able, 16-bit wide blocks. Data is aligned in data
memory and registers as 16-bit words, but all data
space EAs resolve to bytes. The Least Significant
Bytes of each word have even addresses, while the
Most Significant Bytes have odd addresses.

3.2.2 DATA MEMORY ORGANIZATION
AND ALIGNMENT

To maintain backward compatibility with PICmicro®
devices and improve data space memory usage
efficiency, the dsPIC33F instruction set supports both
word and byte operations. As a consequence of byte
accessibility, all effective address calculations are inter-
nally scaled to step through word-aligned memory. For
example, the core recognizes that Post-Modified
Register Indirect Addressing mode [Ws++] will result in
a value of Ws + 1 for byte operations and Ws + 2 for
word operations.

Data byte reads will read the complete word that
contains the byte, using the LSb of any EA to determine
which byte to select. The selected byte is placed onto
the LSB of the data path. That is, data memory and reg-
isters are organized as two parallel byte-wide entities
with shared (word) address decode but separate write
lines. Data byte writes only write to the corresponding
side of the array or register which matches the byte
address.

All word accesses must be aligned to an even address.
Misaligned word data fetches are not supported, so
care must be taken when mixing byte and word opera-
tions, or translating from 8-bit MCU code. If a mis-
aligned read or write is attempted, an address error
trap is generated. If the error occurred on a read, the
instruction underway is completed; if it occurred on a
write, the instruction will be executed but the write does
not occur. In either case, a trap is then executed, allow-
ing the system and/or user to examine the machine
state prior to execution of the address Fault.

All byte loads into any W register are loaded into the
Least Significant Byte. The Most Significant Byte is not
modified.

A sign-extend instruction (SE) is provided to allow
users to translate 8-bit signed data to 16-bit signed
values. Alternatively, for 16-bit unsigned data, users
can clear the MSB of any W register by executing a
zero-extend (ZE) instruction on the appropriate
address.

3.2.3 SFR SPACE

The first 2 Kbytes of the Near Data Space, from 0x0000
to OxO7FF, is primarily occupied by Special Function
Registers (SFRs). These are used by the dsPIC33F
core and peripheral modules for controlling the
operation of the device.

SFRs are distributed among the modules that they
control, and are generally grouped together by module.
Much of the SFR space contains unused addresses;
these are read as ‘0’. A complete listing of implemented
SFRs, including their addresses, is shown in Table 3-1
through Table 3-40.

Note:  The actual set of peripheral features and
interrupts varies by the device. Please
refer to the corresponding device tables
and pinout diagrams for device-specific
information.

3.2.4 NEAR DATA SPACE

The 8-Kbyte area between 0x0000 and Ox1FFF is
referred to as the Near Data Space. Locations in this
space are directly addressable via a 13-bit absolute
address field within all memory direct instructions.
Additionally, the whole data space is addressable using
MOV instructions, which support Memory Direct
Addressing mode with a 16-bit address field, or by
using Indirect Addressing mode using a working
register as an Address Pointer.
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FIGURE 3-3: DATA MEMORY MAP FOR dsPIC33F DEVICES WITH 8 KBs RAM
MSB LSB
Address 16 bits Address
- |
MSB LSB
— 0x0001 ' 0x0000 ~
2-Kbyte SFR Space
SFR Space | OXO7FF | Ox07FE
— 0x0801 | 0x0800
| 8-Kbyte
X Data RAM (X) Near
' Data
| Space
8-Kbyte OX17FF | Ox17FE
SRAM Space 0x1801 | 0x1800
Y Data RAM (Y)
Ox1FFF | Ox1FFE
0x2001 ' 0x2000 —
DMA RAM
_ Ox27FF | Ox27FE
0x2801 | 0x2800
|
|
oxgool | _ _ _ _ __ ] 0x8000
|
|
|
|
X Data
Optionally Unimplemented (X)
Mapped |
into Program |
Memory |
|
|
|
OXFFFF | OXFFFE
|
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FIGURE 3-4:

DATA MEMORY MAP FOR dsPIC33F DEVICES WITH 16 KBs RAM

2-Kbyte
SFR Space

-

16-Kbyte
SRAM Space

~

Optionally
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into Program
Memory

MSB

Address

0x0001

0x07FF
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Ox1FFF
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Ox3FFF
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OX47FF
0x4801

0x8001

OXFFFF

16 bits

MSB

LSB

SFR Space

I
X Data RAM (X)

Y Data RAM (Y)

DMA RAM

Unimplemented (X)

LSB
Address
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0x0800
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0x27FE
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Ox47FE
0x4800

0x8000
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8-Kbyte
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Data
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FIGURE 3-5: DATA MEMORY MAP FOR dsPIC33F DEVICES WITH 17 KBs RAM (PS DEVICES)
MSB LSB
Address 16 bits Address
- -
MSB LSB
— 0x0001 ' 0x0000 ™~
2-Kbyte SFR Space
SFR Space | OXO7FF | 0X07FE 8-Kbyte
— 0x0801 0x0800 Near
| Data
| Space
X Data RAM (X)
OX1FFF | _ _ _ _ __ ] Ox1FFE _|
I
17-Kbyte 0x27FF | 0x27FE
SRAM Space 0x2801 | 0x2800
I
Y Data Il?AM Y)
I
0x47FF , Ox47FE
0x4801 ' 0x4800
L Ox4BFF DMA. RAM Ox4BFE
0x4C01 | 0x4C00
I
oxso01 | _ _ _ _ _ l_ _ _ _ _ ] 0x8000
I
I
I
X Data
Unimplemented (X)
Optionally '
Mapped |
into Program |
Memory |
I
I
I
OXFFFF I OXFFFE
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FIGURE 3-6:

DATA MEMORY MAP FOR dsPIC33F DEVICES WITH 30 KBs RAM

2-Kbyte
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0x0001
SFR Space OXO7FE
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-
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LSB

T
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I

I
X Data RAM (X)

|
Y Data RAM (Y)
I

DMA RAM
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FIGURE 3-7:

DATA MEMORY MAP FOR dsPIC33F DEVICES WITH 33 KBs RAM (PS DEVICES)

2-Kbyte
SFR Space
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Ox8BFF
0x8CO01

OXFFFF

LSB
16 bits Address
- >
MSB LSB
' 0x0000
SFR Space
| Ox07FE
| 0x0800
|
X Data RAM (X)
______ | P
|
| Ox47FE
| 0x4800
|
|
Y Data RAM (Y)
| OX7FFE
—————— | — T T T 7 0x8000
| OX87FE
| 0x8800
DMA|RAM OXBBEE
| 0x8C00
|
|
|
X Data
Unimplemented (X)
|
|
|
|
: OXFFFE
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3.25 X AND Y DATA SPACES

The core has two data spaces, X and Y. These data
spaces can be considered either separate (for some
DSP instructions), or as one unified linear address
range (for MCU instructions). The data spaces are
accessed using two Address Generation Units (AGUS)
and separate data paths. This feature allows certain
instructions to concurrently fetch two words from RAM,
thereby enabling efficient execution of DSP algorithms
such as Finite Impulse Response (FIR) filtering and
Fast Fourier Transform (FFT).

The X data space is used by all instructions and
supports all addressing modes. There are separate
read and write data buses for X data space. The X read
data bus is the read data path for all instructions that
view data space as combined X and Y address space.
It is also the X data prefetch path for the dual operand
DSP instructions (MAC class).

The Y data space is used in concert with the X data
space by the MAC class of instructions (CLR, ED,
EDAC, MAC, MOVSAC, MPY, MPY.N and MSC) to
provide two concurrent data read paths.

Both the X and Y data spaces support Modulo
Addressing mode for all instructions, subject to
addressing mode restrictions. Bit-Reversed Addressing
mode is only supported for writes to X data space.

All data memory writes, including in DSP instructions,
view data space as combined X and Y address space.
The boundary between the X and Y data spaces is
device-dependent and is not user-programmable.

All effective addresses are 16 bits wide and point to
bytes within the data space. Therefore, the data space
address range is 64 Kbytes, or 32K words, though the
implemented memory locations vary by device.

3.2.6 DMA RAM

Every dsPIC33F device contains 2 Kbytes of dual ported
DMA RAM located at the end of Y data space (except
devices marked “PS”, which have 1 Kbyte of DMA
RAM). Memory locations in the DMA RAM space are
accessible simultaneously by the CPU and the DMA
controller module. DMA RAM is utilized by the DMA
controller to store data to be transferred to various
peripherals using DMA, as well as data transferred from
various peripherals using DMA. The DMA RAM can be
accessed by the DMA controller without having to steal
cycles from the CPU.

When the CPU and the DMA controller attempt to
concurrently write to the same DMA RAM location, the
hardware ensures that the CPU is given precedence in
accessing the DMA RAM location. Therefore, the DMA
RAM provides a reliable means of transferring DMA
data without ever having to stall the CPU.

Note: DMA RAM can be used for general
purpose data storage if the DMA function
is not required in an application.
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3.2.7 SOFTWARE STACK

In addition to its use as a working register, the W15
register in the dsPIC33F devices is also used as a soft-
ware 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 3-8. 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 3-8: CALL STACK FRAME
0x0000 15 0

1%2]

=

i

g 5 PC<15:0> -« W15 (before CALL)

G5 | [o00000000]PC<22:16>

§ T <Free Word> -« W15 (after CALL)

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

3.3 Instruction Addressing Modes

The addressing modes in Table 3-41 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.

331 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.

3.3.2 MCU INSTRUCTIONS
The 3-operand MCU instructions are of the 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 Wh. 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.
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TABLE 3-41: FUNDAMENTAL ADDRESSING MODES SUPPORTED

Addressing Mode

Description

File Register Direct

The address of the file register is specified explicitly.

Register Direct

The contents of a register are accessed directly.

Register Indirect

The contents of Wn forms the EA.

Register Indirect Post-Modified

The contents of Wn forms the EA. Wn is post-modified (incremented or
decremented) by a constant value.

Register Indirect Pre-Modified
to form the EA.

Whn is pre-modified (incremented or decremented) by a signed constant value

Register Indirect with Register Offset |The sum of Wn and Wb forms the EA.

Register Indirect with Literal Offset The sum of Wn and a literal forms the EA.

3.3.3 MOVE AND ACCUMULATOR
INSTRUCTIONS

Move instructions and the DSP accumulator class of
instructions provide a greater degree of addressing
flexibility than other instructions. In addition to the
Addressing modes supported by most MCU instruc-
tions, move and accumulator instructions also support
Register Indirect with Register Offset Addressing
mode, also referred to as Register Indexed mode.

Note: For the MOV instructions, the Addressing
mode specified in the instruction can differ
for the source and destination EA.
However, the 4-bit Wb (Register Offset)
field is shared between both source and
destination (but typically only used by
one).

In summary, the following Addressing modes are
supported by move and accumulator instructions:

» Register Direct

* Register Indirect

* Register Indirect Post-modified

» Register Indirect Pre-modified

« Register Indirect with Register Offset (Indexed)

« Register Indirect with Literal Offset

 8-bit Literal

» 16-bit Literal

Note:  Not all instructions support all the
Addressing modes given above. Individual
instructions may support different subsets
of these Addressing modes.

3.34 MAC INSTRUCTIONS

The dual source operand DSP instructions (CLR, ED,
EDAC, MAC, MPY, MPY . N, MOVSAC and MSC), also referred
to as MAC instructions, utilize a simplified set of address-
ing modes to allow the user to effectively manipulate the
data pointers through register indirect tables.

The 2-source operand prefetch registers must be
members of the set {W8, W9, W10, W11}. For data
reads, W8 and W9 are always directed to the X RAGU
and W10 and W11 will always be directed to the Y

AGU. The effective addresses generated (before and
after modification) must, therefore, be valid addresses
within X data space for W8 and W9 and Y data space
for W10 and W11.

Note:  Register Indirect with Register Offset
Addressing mode is only available for W9
(in X space) and W11 (in Y space).

In summary, the following addressing modes are
supported by the MAC class of instructions:

« Register Indirect

« Register Indirect Post-Modified by 2

« Register Indirect Post-Modified by 4

» Register Indirect Post-Modified by 6

» Register Indirect with Register Offset (Indexed)

3.3.5 OTHER INSTRUCTIONS

Besides the various addressing modes outlined above,
some instructions use literal constants of various sizes.
For example, BRA (branch) instructions use 16-hit signed
literals to specify the branch destination directly, whereas
the DISI instruction uses a 14-bit unsigned literal field. In
some instructions, such as ADD Acc, the source of an
operand or result is implied by the opcode itself. Certain
operations, such as NOP, do not have any operands.

34 Modulo Addressing

Modulo Addressing mode is a method of providing an
automated means to support circular data buffers using
hardware. The objective is to remove the need for soft-
ware to perform data address boundary checks when
executing tightly looped code, as is typical in many
DSP algorithms.

Modulo Addressing can operate in either data or program
space (since the data pointer mechanism is essentially
the same for both). One circular buffer can be supported
in each of the X (which also provides the pointers into
program space) and Y data spaces. Modulo Addressing
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.
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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
buffers), based upon the direction of the buffer.

The only exception to the usage restrictions is for buff-
ers 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).

34.1 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,

XMODEND, YMODSRT and YMODEND (see
Table 3-1).
Note: Y space Modulo Addressing EA calcula-

tions assume word sized data (LSb of
every EA is always clear).

The length of a circular buffer is not directly specified. It
is determined by the difference between the correspond-
ing start and end addresses. The maximum possible
length of the circular buffer is 32K words (64 Kbytes).

3.4.2 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 3-1). 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>.

The Y Address Space Pointer W register (YWM) to
which Modulo Addressing is to be applied is stored in
MODCONK<7:4>. Modulo Addressing is enabled for Y
data space when YWM is set to any value other than
‘15’ and the YMODEN bit is set at MODCON<14>.

FIGURE 3-9: MODULO ADDRESSING OPERATION EXAMPLE
Byte

Address MOV #0x1100, WO
MOV W0, XMODSRT ;set modulo start address
MOV #0x1163, WO
MOV W0, 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 ;£111 the 50 buffer locations
MOV WO, [Wl++] ;£111 the next location
AGAIN: INC WO, WO ;increment the fill value

0x1163

Start Addr = 0x1100
End Addr =0x1163
Length = 0x0032 words
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3.4.3 MODULO ADDRESSING
APPLICABILITY

Modulo Addressing can be applied to the Effective
Address (EA) calculation associated with any W
register. It is important to realize that the address
boundaries check for addresses less than, or greater
than, the upper (for incrementing buffers) and lower (for
decrementing buffers) boundary addresses (not just
equal to). Address changes may, therefore, jump
beyond boundaries and still be adjusted correctly.

Note:  The modulo corrected effective address is
written back to the register only when Pre-
Modify or Post-Modify Addressing mode is
used to compute the effective address.
When an address offset (e.g., [W7+W2]) is
used, Modulo Address correction is per-
formed but the contents of the register

If the length of a bit-reversed buffer is M = 2N bytes,
the last ‘N’ bits of the data buffer start address must
be zeros.

XB<14:0> is the Bit-Reversed Address modifier, or
‘pivot point’, which is typically a constant. In the case of
an FFT computation, its value is equal to half of the FFT
data buffer size.

Note:  All bit-reversed EA calculations assume
word sized data (LSb of every EA is
always clear). The XB value is scaled
accordingly to generate compatible (byte)

addresses.

remain unchanged.

3.5 Bit-Reversed Addressing

Bit-Reversed Addressing mode is intended to simplify
data re-ordering for radix-2 FFT algorithms. It is
supported by the X AGU for data writes only.

The modifier, which may be a constant value or register
contents, is regarded as having its bit order reversed. The
address source and destination are kept in normal order.
Thus, the only operand requiring reversal is the modifier.

3.5.1 BIT-REVERSED ADDRESSING
IMPLEMENTATION

Bit-Reversed Addressing mode is enabled when:

1. BWM bits (W register selection) in the
MODCON register are any value other than ‘15’
(the stack cannot be accessed using
Bit-Reversed Addressing).

2. The BREN bit is set in the XBREV register.

3. The addressing mode used is Register Indirect
with Pre-Increment or Post-Increment.

When enabled, Bit-Reversed Addressing is only exe-
cuted for Register Indirect with Pre-Increment or
Post-Increment Addressing and word sized data writes.
It will not function for any other addressing mode or for
byte sized data and normal addresses are generated
instead. When Bit-Reversed Addressing is active, the
W Address Pointer is always added to the address
modifier (XB) and the offset associated with the Regis-
ter Indirect Addressing mode is ignored. In addition, as
word sized data is a requirement, the LSb of the EA is
ignored (and always clear).

Note: Modulo Addressing and Bit-Reversed
Addressing should not be enabled
together. In the event that the user attempts
to do so, Bit-Reversed Addressing will
assume priority when active for the X
WAGU and X WAGU Modulo Addressing
will be disabled. However, Modulo
Addressing will continue to function in the X
RAGU.

If Bit-Reversed Addressing has already been enabled
by setting the BREN (XBREV<15>) hit, then a write to
the XBREYV register should not be immediately followed
by an indirect read operation using the W register that
has been designated as the bit-reversed pointer.
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FIGURE 3-10: BIT-REVERSED ADDRESS EXAMPLE
Sequential Address
b15(b14|b13|b12 |b11 |b10| b9 [ b8 | b7 [ b6 | b5 (b4 | b3 | b2 | bl| O
Bit Locations Swapped Left-to-Right
Y Y Around Center of Binary Value
b15|b14|b13|b12 |b11|b10| b9 | b8 | b7 | b6 | b5| bl | b2 | b3 |b4 | O
Bit-Reversed Address
Pivot Point
XB = 0x0008 for a 16-Word Bit-Reversed Buffer
TABLE 3-42: BIT-REVERSED ADDRESS SEQUENCE (16-ENTRY)
Normal Address Bit-Reversed Address

A3 A2 Al A0 Decimal A3 A2 Al A0 Decimal
0 0 0 0 0 0 0 0 0 0

0 0 0 1 1 1 0 0 0 8

0 0 1 0 2 0 1 0 0 4

0 0 1 1 3 1 1 0 0 12

0 1 0 0 4 0 0 1 0 2

0 1 0 1 5 1 0 1 0 10

0 1 1 0 6 0 1 1 0 6

0 1 1 1 7 1 1 1 0 14

1 0 0 0 8 0 0 0 1 1

1 0 0 1 9 1 0 0 1

1 0 1 0 10 0 1 0 1

1 0 1 1 11 1 1 0 1 13

1 1 0 0 12 0 0 1 1 3

1 1 0 1 13 1 0 1 1 11

1 1 1 0 14 0 1 1 1 7

1 1 1 1 15 1 1 1 1 15
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3.6 Interfacing Program and Data
Memory Spaces

The dsPIC33F architecture uses a 24-bit wide program
space and a 16-bit wide data space. The architecture is
also a modified Harvard scheme, meaning that data
can also be present in the program space. To use this
data successfully, it must be accessed in a way that
preserves the alignment of information in both spaces.

Aside from normal execution, the dsPIC33F architec-
ture provides two methods by which program space
can be accessed during operation:

» Using table instructions to access individual bytes
or words anywhere in the program space

« Remapping a portion of the program space into
the data space (Program Space Visibility)

Table instructions allow an application to read or write
to small areas of the program memory. This capability
makes the method ideal for accessing data tables that
need to be updated from time to time. It also allows
access to all bytes of the program word. The remap-
ping method allows an application to access a large
block of data on a read-only basis, which is ideal for
look ups from a large table of static data. It can only
access the least significant word of the program word.

3.6.1 ADDRESSING PROGRAM SPACE

Since the address ranges for the data and program
spaces are 16 and 24 bits, respectively, a method is
needed to create a 23-hit or 24-bit program address
from 16-bit data registers. The solution depends on the
interface method to be used.

For table operations, the 8-bit Table Page register
(TBLPAG) is used to define a 32K word region within
the program space. This is concatenated with a 16-bit
EA to arrive at a full 24-bit program space address. In
this format, the Most Significant bit of TBLPAG is used
to determine if the operation occurs in the user memory
(TBLPAG<7> = 0) or the configuration memory
(TBLPAG<7>=1).

For remapping operations, the 8-bit Program Space
Visibility register (PSVPAG) is used to define a
16K word page in the program space. When the Most
Significant bit of the EAis ‘1’, PSVPAG is concatenated
with the lower 15 bits of the EA to form a 23-bit program
space address. Unlike table operations, this limits
remapping operations strictly to the user memory area.

Table 3-43 and Figure 3-11 show how the program EA
is created for table operations and remapping
accesses from the data EA. Here, P<23:0> refers to a
program space word, whereas D<15:0> refers to a data
space word.

TABLE 3-43: PROGRAM SPACE ADDRESS CONSTRUCTION
Access Program Space Address
Access Type
Space <23> <22:16> | <15> <14:1> <0>
Instruction Access User 0 PC<22:1> 0

(Code Execution)

0XX XXXX XXXX XXXX XxXxx xxx0

TBLRD/TBLWT User

TBLPAG<7:0>

| Data EA<15:0>

(Byte/Word Read/Write)

0XXX XXXX

KXXX XXXX XXXX XXXX

Configuration

TBLPAG<7:0> \

Data EA<15:0>

1xXXX XXXX

XXKXK XXXX XXXX XXXX

Program Space Visibility | User 0

PSVPAG<7:0> Data EA<14:0>(1)

(Block Remap/Read) 0

KXXXX XXXX XXX XXXX XXXX XXXX

Note 1: Data EA<15>is always ‘1’ in this case, but is not used in calculating the program space address. Bit 15 of

the address is PSVPAG<0>.
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FIGURE 3-11: DATA ACCESS FROM PROGRAM SPACE ADDRESS GENERATION
Program Counter(®) 0 Program Counter 0
-
L 23 bits |
[ [
| '
o | EA 1/0
Table Operations® 1/0| TBLPAG [
e >« o
L 8 bits . 16 bits I/II
[T
24 bits .
[ (.
[ [
Select
[ [1]) EA | o
- \
Program Space V|S|b|||ty(1) | |
(Remapping) 0 PSVPAG N
T 8 bits T 15 bits |
(N L
! T ! 23 bits T

User/Configuration Byte Select
Space Select

Note 1: The LSb of program space addresses is always fixed as ‘0’ in order to maintain word
alignment of data in the program and data spaces.

2: Table operations are not required to be word-aligned. Table read operations are permitted
in the configuration memory space.
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3.6.2 DATA ACCESS FROM PROGRAM
MEMORY USING TABLE
INSTRUCTIONS

The TBLRDL and TBLWTL instructions offer a direct
method of reading or writing the lower word of any
address within the program space without going
through data space. The TBLRDH and TBLWTH instruc-
tions are the only method to read or write the upper
8 bits of a program space word as data.

The PC is incremented by two for each successive
24-bit program word. This allows program memory
addresses to directly map to data space addresses.
Program memory can thus be regarded as two 16-bit
word wide address spaces, residing side by side, each
with the same address range. TBLRDL and TBLWTL
access the space which contains the least significant
data word and TBLRDH and TBLWTH access the space
which contains the upper data byte.

Two table instructions are provided to move byte or
word-sized (16-bit) data to and from program space.
Both function as either byte or word operations.

2. TBLRDH (Table Read High): In Word mode, it
maps the entire upper word of a program address
(P<23:16>) to a data address. Note that
D<15:8>, the ‘phantom byte’, will always be ‘0.

In Byte mode, it maps the upper or lower byte of
the program word to D<7:0> of the data
address, as above. Note that the data will
always be ‘0’ when the upper ‘phantom’ byte is
selected (Byte Select = 1).

In a similar fashion, two table instructions, TBLWTH
and TBLWTL, are used to write individual bytes or
words to a program space address. The details of
their operation are explained in Section 5.0 “Flash
Program Memory”.

For all table operations, the area of program memory
space to be accessed is determined by the Table Page
register (TBLPAG). TBLPAG covers the entire program
memory space of the device, including user and config-
uration spaces. When TBLPAG<7> = 0, the table page
is located in the user memory space. When
TBLPAG<7> = 1, the page is located in configuration

space.
1. TBLRDL (Table Read Low): In Word mode, it P
maps the lower word of the program space loca-
tion (P<15:0>) to a data address (D<15:0>).
In Byte mode, either the upper or lower byte of
the lower program word is mapped to the lower
byte of a data address. The upper byte is
selected when Byte Select is ‘1’; the lower byte
is selected when it is ‘0.
FIGURE 3-12: ACCESSING PROGRAM MEMORY WITH TABLE INSTRUCTIONS
Program Space
TBLPAG
02
23 s 0 0x000000 ~ 23 16 8 0
00000000 N\\\\\\3\
00000000

B e e S il TN

0x800000

0x020000 }
—
0x030000

< 00000000

00000000

 —

‘Phantom’ Byte
N—

TBLRDH.B (Wn<0> = 0)

TBLRDL.B (Wn<0> = 1)

TBLRDL. B (Wn<0> = 0)

TBLRDL.W

The address for the table operation is determined by the data EA
within the page defined by the TBLPAG register.

Only read operations are shown; write operations are also valid in
the user memory area.

DS70165B-page 88 Advance Information © 2006 Microchip Technology Inc.



dsPIC33F

3.6.3 READING DATA FROM PROGRAM
MEMORY USING PROGRAM
SPACE VISIBILITY

The upper 32 Kbytes of data space may optionally be
mapped into any 16K word page of the program space.
This option provides transparent access of stored con-
stant data from the data space without the need to use
special instructions (i.e., TBLRDL/H).

Program space access through the data space occurs
if the Most Significant bit of the data space EAis ‘1’ and
program space visibility is enabled by setting the PSV
bit in the Core Control register (CORCON<2>). The
location of the program memory space to be mapped
into the data space is determined by the Program
Space Visibility Page register (PSVPAG). This 8-bit
register defines any one of 256 possible pages of
16K words in program space. In effect, PSVPAG func-
tions as the upper 8 bits of the program memory
address, with the 15 bits of the EA functioning as the
lower bits. Note that by incrementing the PC by 2 for
each program memory word, the lower 15 bits of data
space addresses directly map to the lower 15 bits in the
corresponding program space addresses.

Data reads to this area add an additional cycle to the
instruction being executed, since two program memory
fetches are required.

Although each data space address, 8000h and higher,
maps directly into a corresponding program memory
address (see Figure 3-13), only the lower 16 bits of the

FIGURE 3-13:

24-bit program word are used to contain the data. The
upper 8 bits of any program space location used as
data should be programmed with ‘1111 1111 or
‘0000 0000’ to force a NOP. This prevents possible
issues should the area of code ever be accidentally
executed.

Note:  PSV access is temporarily disabled during
table reads/writes.

For operations that use PSV and are executed outside
a REPEAT loop, the MOV and MOV.D instructions
require one instruction cycle in addition to the specified
execution time. All other instructions require two
instruction cycles in addition to the specified execution
time.

For operations that use PSV, which are executed inside
a REPEAT loop, there will be some instances that
require two instruction cycles in addition to the
specified execution time of the instruction:

« Execution in the first iteration
» Execution in the last iteration

« Execution prior to exiting the loop due to an
interrupt

« Execution upon re-entering the loop after an
interrupt is serviced

Any other iteration of the REPEAT loop will allow the
instruction accessing data, using PSV, to execute in a
single cycle.

PROGRAM SPACE VISIBILITY OPERATION

When CORCON<2> =1 and EA<15> = 1:

Program Space

PSVPAG
23 15 9 0x000000

02 ,
= 0x010000

The data in the page
designated by
PSVPAG is mapped
into the upper half of
the data memory
space...

0x800000

OxOlSOOO} \

Data Space

0x0000 Data EA<14:0>

—~ 0x8000

kL< PSV Area

...while the lower 15 bits
of the EA specify an
exact address within
NG OXFFFF the PSV area. This
corresponds exactly to
the same lower 15 bits
of the actual program
space address.
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40 RESETS

Note:  This data sheet summarizes the features
of this group of dsPIC33F devices. It is not
intended to be a comprehensive reference
source. To complement the information in
this data sheet, refer to the “dsPIC30F

Note:  Refer to the specific peripheral or CPU
section of this manual for register Reset

states.

Family Reference Manual” (DS70046).

The Reset module combines all Reset sources and

controls the device Master Reset Signal, SYSRST. The

following is a list of device Reset sources:

¢ POR: Power-on Reset

« MCLR: Master Clear Pin Reset

* SWR: RESET Instruction

« WDT: Watchdog Timer Reset

* TRAPR: Trap Conflict Reset

« IOPUWR: lllegal Opcode and Uninitialized W
Register Reset

A simplified block diagram of the Reset module is
shown in Figure 4-1.

Any active source of Reset will make the SYSRST sig-
nal active. Many registers associated with the CPU and
peripherals are forced to a known Reset state. Most
registers are unaffected by a Reset; their status is
unknown on POR and unchanged by all other Resets.

FIGURE 4-1:

All types of device Reset will set a corresponding status
bit in the RCON register to indicate the type of Reset
(see Register 4-1). A POR will clear all bits, except for
the POR bit (RCON<0>), that are set. The user can set
or clear any bit at any time during code execution. The
RCON bits only serve as status bits. Setting a particular
Reset status bit in software does not cause a device
Reset to occur.

The RCON register also has other bits associated with
the Watchdog Timer and device power-saving states.
The function of these bits is discussed in other sections
of this manual.

Note:  The status bits in the RCON register
should be cleared after they are read so
that the next RCON register value after a

device Reset will be meaningful.

RESET SYSTEM BLOCK DIAGRAM

RESET Instruction

E {>@ Glitch Filter

MCLR

Sleep or Idle

SYSRST

Eg VDD Rise POR
Detect
VDD
Internal BOR
Regulator

Trap Conflict

lllegal Opcode

Uninitialized W Register
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REGISTER 4-1: RCON: RESET CONTROL REGISTER®
R/W-0 R/W-0 U-0 U-0 U-0 U-0 U-0 R/W-0
TRAPR IOPUWR — — — — — VREGS
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-1
EXTR SWR SWDTEN(Z) WDTO SLEEP IDLE BOR POR
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

X = Bit is unknown

bit 15

bit 14

bit 13-9
bit 8

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

TRAPR: Trap Reset Flag bit

1 = A Trap Conflict Reset has occurred
0 = A Trap Conflict Reset has not occurred

IOPUWR: lllegal Opcode or Uninitialized W Access Reset Flag bit
1 = An illegal opcode detection, an illegal address mode or uninitialized W register used as an

Address Pointer caused a Reset

0 = An illegal opcode or uninitialized W Reset has not occurred

Unimplemented: Read as ‘0’
VREGS: Voltage Regulator Standby During Sleep bit

1 = Voltage regulator goes into Standby mode during Sleep

0 = Voltage regulator is active during Sleep
EXTR: External Reset (MCLR) Pin bit

1 = A Master Clear (pin) Reset has occurred

0 = A Master Clear (pin) Reset has not occurred
SWR: Software Reset (Instruction) Flag bit

1 = A RESET instruction has been executed

0 = A RESET instruction has not been executed
SWDTEN: Software Enable/Disable of WDT bit(®
1 = WDT is enabled

0 = WDT is disabled

WDTO: Watchdog Timer Time-out Flag bit

1 = WDT time-out has occurred

0 = WDT time-out has not occurred

SLEEP: Wake-up from Sleep Flag bit

1 = Device has been in Sleep mode

0 = Device has not been in Sleep mode

IDLE: Wake-up from Idle Flag bit

1 = Device was in Idle mode

0 = Device was not in Idle mode

BOR: Brown-out Reset Flag bit
1 = A Brown-out Reset has occurred
0 = A Brown-out Reset has not occurred

Note 1:
cause a device Reset.

All of the Reset status bits may be set or cleared in software. Setting one of these bits in software does not

2. If the FWDTEN Configuration bit is ‘1’ (unprogrammed), the WDT is always enabled, regardless of the

SWDTEN bit setting.
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REGISTER 4-1: RCON: RESET CONTROL REGISTERW

bit 0 POR: Power-on Reset Flag bit
1 = A Power-up Reset has occurred
0 = A Power-up Reset has not occurred

Note 1. All of the Reset status bits may be set or cleared in software. Setting one of these bits in software does not
cause a device Reset.
2. Ifthe FWDTEN Configuration bit is ‘1’ (unprogrammed), the WDT is always enabled, regardless of the
SWDTEN bit setting.

TABLE 4-1: RESET FLAG BIT OPERATION

Flag Bit Setting Event Clearing Event
TRAPR (RCON<15>) Trap conflict event POR
IOPUWR (RCON<14>) lllegal opcode or uninitialized POR

W register access

EXTR (RCON<7>) MCLR Reset POR
SWR (RCON<6>) RESET instruction POR
WDTO (RCON<4>) WDT time-out PWRSAV instruction, POR
SLEEP (RCON<3>) PWRSAV #SLEEP instruction POR
IDLE (RCON<2>) PWRSAV #IDLE instruction POR
BOR (RCON<1> BOR —

POR (RCON<0>) POR —
Note: All Reset flag bits may be set or cleared by the user software.

4.1 Clock Source Selection at Reset 4.2 Device Reset Times

If clock switching is enabled, the system clock source at
device Reset is chosen, as shown in Table 4-2. If clock
switching is disabled, the system clock source is always
selected according to the oscillator Configuration bits.
Refer to Section 8.0 “Oscillator Configuration” for
further details.

TABLE 4-2: OSCILLATOR SELECTION vs.
TYPE OF RESET (CLOCK
SWITCHING ENABLED)
Reset Type Clock Source Determinant
POR Oscillator Configuration bits
BOR (FNOSC<2:0>)

MCLR COSC Control bits
WDTR (OSCCON<14:12>)

SWR

The Reset times for various types of device Reset are
summarized in Table 4-3. The system Reset signal,
SYSRST, is released after the POR and PWRT delay
times expire.

The time at which the device actually begins to execute
code also depends on the system oscillator delays,
which include the Oscillator Start-up Timer (OST) and
the PLL lock time. The OST and PLL lock times occur
in parallel with the applicable SYSRST delay times.

The FSCM delay determines the time at which the
FSCM begins to monitor the system clock source after
the SYSRST signal is released.
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TABLE 4-3: RESET DELAY TIMES FOR VARIOUS DEVICE RESETS
Reset Type Clock Source SYSRST Delay SystEe)gwla():/Iock 'E)ig\; Notes

POR EC, FRC, LPRC TPOR + TSTARTUP + TRST — — 1,2,3
ECPLL, FRCPLL |TPOR+ TSTARTUP + TRST TLock TFscMm 1,2,3,5,6
XT, HS, SOSC TPOR + TSTARTUP + TRST TosT TFscMm 1,2,3,4,6
XTPLL, HSPLL TPOR + TSTARTUP + TRST| TOST + TLOCK TFscMm 1,2,3,4,56

MCLR Any Clock TRST — — 3

WDT Any Clock TRST — — 3

Software Any clock TRST — — 3

lllegal Opcode Any Clock TRST — — 3

Uninitialized W Any Clock TRST — — 3

Trap Conflict Any Clock TRST — — 3

Note 1: TPOR = Power-on Reset delay (10 us nominal).

2:  TSTARTUP = Conditional POR delay of 20 us nominal (if on-chip regulator is enabled) or 64 ms nominal
Power-up Timer delay (if regulator is disabled). TSTARTUP is also applied to all returns from powered-down
states, including waking from Sleep mode, only if the regulator is enabled.

3: TRST = Internal state Reset time (20 pus nominal).

4: TosT = Oscillator Start-up Timer. A 10-bit counter counts 1024 oscillator periods before releasing the

oscillator clock to the system.
5: TrLock = PLL lock time (20 us nominal).

6: TrscM = Fail-Safe Clock Monitor delay (100 pus nominal).

421 POR AND LONG OSCILLATOR
START-UP TIMES

The oscillator start-up circuitry and its associated delay
timers are not linked to the device Reset delays that
occur at power-up. Some crystal circuits (especially
low-frequency crystals) have a relatively long start-up
time. Therefore, one or more of the following conditions
is possible after SYSRST is released:

» The oscillator circuit has not begun to oscillate.

e The Oscillator Start-up Timer has not expired (if a
crystal oscillator is used).

e The PLL has not achieved a lock (if PLL is used).

The device will not begin to execute code until a valid
clock source has been released to the system. There-
fore, the oscillator and PLL start-up delays must be
considered when the Reset delay time must be known.

422 FAIL-SAFE CLOCK MONITOR
(FSCM) AND DEVICE RESETS

If the FSCM is enabled, it begins to monitor the system
clock source when SYSRST is released. If a valid clock
source is not available at this time, the device auto-
matically switches to the FRC oscillator and the user
can switch to the desired crystal oscillator in the Trap
Service Routine.

4221 FSCM Delay for Crystal and PLL

Clock Sources

When the system clock source is provided by a crystal
oscillator and/or the PLL, a small delay, TFscw, is auto-
matically inserted after the POR and PWRT delay
times. The FSCM does not begin to monitor the system
clock source until this delay expires. The FSCM delay
time is nominally 100 ps and provides additional time
for the oscillator and/or PLL to stabilize. In most cases,
the FSCM delay prevents an oscillator failure trap at a
device Reset when the PWRT is disabled.

4.3 Special Function Register Reset
States

Most of the Special Function Registers (SFRs) associ-
ated with the CPU and peripherals are reset to a
particular value at a device Reset. The SFRs are
grouped by their peripheral or CPU function and their
Reset values are specified in each section of this manual.

The Reset value for each SFR does not depend on the
type of Reset, with the exception of two registers. The
Reset value for the Reset Control register, RCON,
depends on the type of device Reset. The Reset value
for the Oscillator Control register, OSCCON, depends
on the type of Reset and the programmed values of the
oscillator Configuration bits in the FOSC Configuration
register.
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5.0

Note:

FLASH PROGRAM MEMORY

This data sheet summarizes the features
of this group of dsPIC33F devices. It is not
intended to be a comprehensive reference
source. To complement the information in
this data sheet, refer to the “dsPIC30F
Family Reference Manual” (DS70046).

The dsPIC33F devices contain internal Flash program
memory for storing and executing application code.
The memory is readable, writable and erasable during
normal operation over the entire VDD range.

Flash memory can be programmed in two ways:

1.
2.

ICSP allows a dsPIC33F device to be serially
programmed while in the end application circuit. This is
simply done with two lines for programming clock and
programming data (one of the alternate programming
pin pairs: PGC1/PGD1, PGC2/PGD2 or PGC3/PGD3),
and three other lines for power (VDD), ground (Vss) and
Master Clear (MCLR). This allows customers to manu-
facture boards with unprogrammed devices and then
program the digital signal controller just before shipping
the product. This also allows the most recent firmware
or a custom firmware to be programmed.

In-Circuit Serial Programming™ (ICSP™)
Run-Time Self-Programming (RTSP)

RTSP is accomplished using TBLRD (table read) and
TBLWT (table write) instructions. With RTSP, the user
can write program memory data in blocks or ‘rows’ of
64 instructions (192 bytes) at a time, and erase pro-
gram memory in blocks or ‘pages’ of 512 instructions
(1536 bytes) at a time.

51 Table Instructions and Flash

Programming

Regardless of the method used, all programming of
Flash memory is done with the table read and table
write instructions. These allow direct read and write
access to the program memory space from the data
memory while the device is in normal operating mode.
The 24-bit target address in the program memory is
formed using hits<7:0> of the TBLPAG register and the
Effective Address (EA) from a W register specified in
the table instruction, as shown in Figure 5-1.

The TBLRDL and the TBLWTL instructions are used to
read or write to bits<15:0> of program memory.
TBLRDL and TBLWTL can access program memory in
both Word and Byte modes.

The TBLRDH and TBLWTH instructions are used to read
or write to bits<23:16> of program memory. TBLRDH
and TBLWTH can also access program memory in Word
or Byte mode.

FIGURE 5-1: ADDRESSING FOR TABLE REGISTERS

b 24 bits b
- I

Using

Program Counter [ o] Program Counter [o]
[ ! [
o | ||
| | |
[ | [
| | | Working Reg EA | |

Using [

Table Instruction 1/0| TBLPAG Reg |
| | 8bis T 16 bits ||
LA A )

o ] ! |
User/Configuration Byte
Space Select | 24-bit EA | Select

1 | [
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5.2 RTSP Operation

The dsPIC33F Flash program memory array is
organized into rows of 64 instructions or 192 bytes.
RTSP allows the user to erase a page of memory,
which consists of eight rows (512 instructions) at a
time, and to program one row at a time. The 8-row
erase pages and single row write rows are edge-
aligned, from the beginning of program memory, on
boundaries of 1536 bytes and 192 bytes, respectively.

The program memory implements holding buffers that
can contain 64 instructions of programming data. Prior
to the actual programming operation, the write data
must be loaded into the buffers in sequential order. The
instruction words loaded must always be from a group
of 64 boundary.

The basic sequence for RTSP programming is to set up
a Table Pointer, then do a series of TBLWT instructions
to load the buffers. Programming is performed by set-
ting the control bits in the NVMCON register. A total of
64 TBLWTL and TBLWTH instructions are required to
load the instructions.

All of the table write operations are single-word writes
(two instruction cycles) because only the buffers are
written. A programming cycle is required for
programming each row.

5.3 Control Registers

There are two SFRs used to read and write the
program Flash memory: NVMCON and NVMKEY.

The NVMCON register (Register 5-1) controls which
blocks are to be erased, which memory type is to be
programmed and the start of the programming cycle.

NVMKEY is a write-only register that is used for write
protection. To start a programming or erase sequence,
the user must consecutively write 55h and AAh to the
NVMKEY register. Refer to Section 5.4 “Programming
Operations” for further details.

5.4 Programming Operations

A complete programming sequence is necessary for
programming or erasing the internal Flash in RTSP
mode. A programming operation is nominally 4 ms in
duration and the processor stalls (waits) until the oper-
ation is finished. Setting the WR bit (NVMCON<15>)
starts the operation, and the WR bit is automatically
cleared when the operation is finished.
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REGISTER 5-1: NVMCOM: FLASH MEMORY CONTROL REGISTER

R/SO-0M) R/W-0) R/W-0D) U-0 u-0 U-0 u-0 U-0

WR WREN WRERR — — — — —

bit 15 bit 8
u-0 R/W-0®) u-0 u-0 R/W-0) R/W-0) R/W-0®) R/W-0®)
— ERASE — — NVMOP<3:0>(?

bit 7 bit O

Legend: SO = Satiable only bit

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 15 WR: Write Control bit

1 = Initiates a Flash memory program or erase operation. The operation is self-timed and the bit is
cleared by hardware once operation is complete.
0 = Program or erase operation is complete and inactive
bit 14 WREN: Write Enable bit
1 = Enable Flash program/erase operations
0 = Inhibit Flash program/erase operations
bit 13 WRERR: Write Sequence Error Flag bit
1 = Animproper program or erase sequence attempt or termination has occurred (bit is set
automatically on any set attempt of the WR bit)
0 = The program or erase operation completed normally
bit 12-7 Unimplemented: Read as ‘0’
bit 6 ERASE: Erase/Program Enable bit
1 = Perform the erase operation specified by NVMOP<3:0> on the next WR command
0 = Perform the program operation specified by NVMOP<3:0> on the next WR command
bit 5-4 Unimplemented: Read as ‘0’
bit 3-0 NVMOP<3:0>: NVM Operation Select bits(

1111 = Memory bulk erase operation (ERASE = 1) or no operation (ERASE = 0)
0011 = Memory word program operation (ERASE = 0) or no operation (ERASE = 1)
0010 = Memory page erase operation (ERASE = 1) or no operation (ERASE = 0)
0001 = Memory row program operation (ERASE = 0) or no operation (ERASE = 1)
0000 = Program or erase a single Configuration register byte

Note 1. These bits can only be reset on POR.
2. All other combinations of NVMOP<3:0> are unimplemented.
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541 PROGRAMMING ALGORITHM FOR
FLASH PROGRAM MEMORY

The user can program one row of program Flash
memory at a time. To do this, it is necessary to erase
the 8-row erase page that contains the desired row.
The general process is:

1. Read eight rows of program memory

(512 instructions) and store in data RAM.

2. Update the program data in RAM with the
desired new data.
3. Erase the block (see Example 5-1):

a) Set the NVMOP bits (NVMCOM<3:0>) to
‘0010’ to configure for block erase. Set the
ERASE (NVMCOM<6>) and WREN
(NVMCOM<14>) bits.

b) Write the starting address of the page to be
erased into the TBLPAG and W registers.

c) Write 55h to NVMKEY.

d) Write AAhto NVMKEY.

e) Setthe WR bit (NVMCOM<15>). The erase
cycle begins and the CPU stalls for the dura-
tion of the erase cycle. When the erase is
done, the WR bit is cleared automatically.

4. Write the first 64 instructions from data RAM into
the program memory buffers (see Example 5-2).

5. Write the program block to Flash memory:

a) Set the NVMOP bits to ‘0001’ to configure
for row programming. Clear the ERASE bit
and set the WREN bit.

b) Write 55h to NVMKEY.
c) Write AAhto NVMKEY.

d) Set the WR bhit. The programming cycle
begins and the CPU stalls for the duration of
the write cycle. When the write to Flash mem-
ory is done, the WR bit is cleared
automatically.

6. Repeat steps 4 and 5, using the next available
64 instructions from the block in data RAM by
incrementing the value in TBLPAG, until all
512 instructions are written back to Flash memory.

For protection against accidental operations, the write
initiate sequence for NVMKEY must be used to allow
any erase or program operation to proceed. After the
programming command has been executed, the user
must wait for the programming time until programming
is complete. The two instructions following the start of
the programming sequence should be NOPs, as shown
in Example 5-3.

; Initialize PM Page Boundary SFR

; Initialize in-page EA[15:0] pointer

; Set base address of erase block

; Block all interrupts with priority <7
; for next 5 instructions

; Start the erase sequence
; Insert two NOPs after the erase

EXAMPLE 5-1: ERASING A PROGRAM MEMORY PAGE
; Set up NVMCON for block erase operation
MOV #0x4042, WO
MOV WO, NVMCON ; Initialize NVMCON
; Init pointer to row to be ERASED
MOV #tblpage (PROG_ADDR), WO
MOV W0, TBLPAG
MOV #tbloffset (PROG_ADDR), WO
TBLWTL WO, [WO]
DISI #5
MOV #0x55, WO
MOV WO, NVMKEY ; Write the 55 key
MOV #0xAA, W1
MOV Wl, NVMKEY ; Write the AA key
BSET NVMCON, #WR
NOP
NOP

; command is asserted
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7

EXAMPLE 5-2: LOADING THE WRITE BUFFERS
Set up NVMCON for row programming operations
MOV #0x4001, WO ;
MOV W0, NVMCON ; Initialize

Set up a pointer to the first program memory location to be
program memory selected, and writes enabled

MOV #0x0000, WO ;
MOV W0, TBLPAG ; Initialize
MOV #0x6000, WO ; An example

Perform the TBLWT instructions to write the latches

NVMCON
written

PM Page Boundary SFR
program memory address

;i 0th_program word
MOV #LOW_WORD_0, W2
MOV #HIGH_BYTE_0, W3
TBLWTL W2, [WO]
TBLWTH W3, [WO++]

;i lst_program word
MOV #LOW_WORD_1, W2
MOV #HIGH_BYTE 1, W3
TBLWTL W2, [WO]
TBLWTH W3, [WO++]

;  2nd_program_word
MOV #LOW_WORD_2, W2
MOV #HIGH BYTE_2, W3
TBLWTL W2, [WO]
TBLWTH W3, [WO++]

.
.
.

; 63rd_program_word
MOV #LOW_WORD_31, W2
MOV #HIGH BYTE_31, W3
TBLWTL W2, [WO]
TBLWTH W3, [WO++]

; Write PM low word into program latch
; Write PM high byte into program latch

; Write PM low word into program latch
; Write PM high byte into program latch

; Write PM low word into program latch

; Write PM high byte into program latch

; Write PM low word into program latch
; Write PM high byte into program latch

EXAMPLE 5-3: INITIATING A PROGRAMMING SEQUENCE
DISI #5 ; Block all interrupts with priority <7
; for next 5 instructions
MOV #0x55, WO
MOV W0, NVMKEY ; Write the 55 key
MOV #0xXAA, W1 ;
MOV W1l, NVMKEY ; Write the AA key
BSET NVMCON, #WR ; Start the erase sequence
NOP ; Insert two NOPs after the
NOP ; erase command is asserted
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6.0 INTERRUPT CONTROLLER

Note:  This data sheet summarizes the features
of this group of dsPIC33F devices. It is not
intended to be a comprehensive reference
source. To complement the information in
this data sheet, refer to the “dsPIC30F
Family Reference Manual” (DS70046).

The dsPIC33F interrupt controller reduces the numer-
ous peripheral interrupt request signals to a single
interrupt request signal to the dsPIC33F CPU. It has
the following features:

« Up to 8 processor exceptions and software traps
» 7 user-selectable priority levels
* Interrupt Vector Table (IVT) with up to 118 vectors

« A unique vector for each interrupt or exception
source

» Fixed priority within a specified user priority level
 Alternate Interrupt Vector Table (AIVT) for debug
support

« Fixed interrupt entry and return latencies

6.1 Interrupt Vector Table

The Interrupt Vector Table (IVT) is shown in Figure 6-1.
The IVT resides in program memory, starting at location
000004h. The IVT contains 126 vectors consisting of
8 nonmaskable trap vectors plus up to 118 sources of
interrupt. In general, each interrupt source has its own
vector. Each interrupt vector contains a 24-bit wide
address. The value programmed into each interrupt
vector location is the starting address of the associated
Interrupt Service Routine (ISR).

Interrupts vectors are prioritized in terms of their natural
priority; this priority is linked to their position in the
vector table. All other things being equal, lower
addresses have a higher natural priority. For example,
the interrupt associated with vector 0 will take priority
over interrupts at any other vector address.

dsPIC33F devices implement up to 67 unique
interrupts and 5 nonmaskable traps. These are
summarized in Table 6-1 and Table 6-2.

6.1.1 ALTERNATE VECTOR TABLE

The Alternate Interrupt Vector Table (AIVT) is located
after the IVT, as shown in Figure 6-1. Access to the
AIVT is provided by the ALTIVT control bit
(INTCON2<15>). If the ALTIVT bit is set, all interrupt
and exception processes use the alternate vectors
instead of the default vectors. The alternate vectors are
organized in the same manner as the default vectors.

The AIVT supports debugging by providing a means to
switch between an application and a support environ-
ment without requiring the interrupt vectors to be
reprogrammed. This feature also enables switching
between applications for evaluation of different soft-
ware algorithms at run time. If the AIVT is not needed,
the AIVT should be programmed with the same
addresses used in the IVT.

6.2 Reset Sequence

A device Reset is not a true exception because the
interrupt controller is not involved in the Reset process.
The dsPIC33F device clears its registers in response
to a Reset which forces the PC to zero. The digital sig-
nal controller then begins program execution at loca-
tion 0x000000. The user programs a GOTO instruction
at the Reset address which redirects program execu-
tion to the appropriate start-up routine.

Note: Any unimplemented or unused vector
locations in the IVT and AIVT should be
programmed with the address of a default
interrupt handler routine that contains a

RESET instruction.
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FIGURE 6-1:

dsPIC33F INTERRUPT VECTOR TABLE

Reset — GOTO Instruction

Reset — GOTO Address

Reserved

Oscillator Fail Trap Vector

Address Error Trap Vector

Stack Error Trap Vector

Math Error Trap Vector

Decreasing Natural Order Priority

DMA Error Trap Vector

Reserved

Reserved

Interrupt Vector O

Interrupt Vector 1

Interrupt Vector 52

Interrupt Vector 53

Interrupt Vector 54

Interrupt Vector 116

Interrupt Vector 117

Reserved

Reserved

Reserved

Oscillator Fail Trap Vector

Address Error Trap Vector

Stack Error Trap Vector

Math Error Trap Vector

DMA Error Trap Vector

Reserved

Reserved

Interrupt Vector O

Interrupt Vector 1

Interrupt Vector 52

Interrupt Vector 53

Interrupt Vector 54

Interrupt Vector 116

Interrupt Vector 117

Note 1:

Start of Code

0x000000
0x000002
0x000004

0x000014 ~ |

0x00007C
0x00007E
0x000080

0X0000FC _ |
0X0000FE
0x000100
0x000102

0x000114

0x00017C
0x00017E
0x000180

0x0001FE
0x000200

See Table 6-1 for the list of implemented interrupt vectors.

Interrupt Vector Table (IVT)®

Alternate Interrupt Vector Table (AIVT)(l)
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TABLE 6-1: INTERRUPT VECTORS
Vector Interrupt
Number Request (IRQ) IVT Address AIVT Address Interrupt Source
Number
8 0 0x000014 0x000114 INTO — External Interrupt O
9 1 0x000016 0x000116 IC1 — Input Compare 1
10 2 0x000018 0x000118 OC1 — Output Compare 1
11 3 0x00001A 0x00011A T1-Timerl
12 4 0x00001C 0x00011C DMAO — DMA Channel 0
13 5 0x00001E 0x00011E IC2 — Input Capture 2
14 6 0x000020 0x000120 OC2 — Output Compare 2
15 7 0x000022 0x000122 T2 — Timer2
16 8 0x000024 0x000124 T3 — Timer3
17 9 0x000026 0x000126 SPI1E — SPI1 Error
18 10 0x000028 0x000128 SPI1 — SPI1 Transfer Done
19 11 0x00002A 0x00012A U1RX — UARTL1 Receiver
20 12 0x00002C 0x00012C U1TX — UART1 Transmitter
21 13 0x00002E 0x00012E ADC1-ADC1
22 14 0x000030 0x000130 DMA1 — DMA Channel 1
23 15 0x000032 0x000132 Reserved
24 16 0x000034 0x000134 SI2C1 - 12C1 Slave Events
25 17 0x000036 0x000136 MI2C1 - 12C1 Master Events
26 18 0x000038 0x000138 Reserved
27 19 0x00003A 0x00013A Change Notification Interrupt
28 20 0x00003C 0x00013C INT1 — External Interrupt 1
29 21 0x00003E 0x00013E ADC2 - ADC 2
30 22 0x000040 0x000140 IC7 — Input Capture 7
31 23 0x000042 0x000142 IC8 — Input Capture 8
32 24 0x000044 0x000144 DMA2 — DMA Channel 2
33 25 0x000046 0x000146 OC3 — Output Compare 3
34 26 0x000048 0x000148 OC4 — Output Compare 4
35 27 0x00004A 0x00014A T4 — Timer4
36 28 0x00004C 0x00014C T5 — Timer5
37 29 0x00004E 0x00014E INT2 — External Interrupt 2
38 30 0x000050 0x000150 U2RX — UART2 Receiver
39 31 0x000052 0x000152 U2TX — UART2 Transmitter
40 32 0x000054 0x000154 SPI2E — SPI2 Error
41 33 0x000056 0x000156 SPI1 — SPI1 Transfer Done
42 34 0x000058 0x000158 C1RX — ECANL1 Receive Data Ready
C1E — CANL1 Error (for devices marked “PS”)
43 35 0x00005A 0x00015A C1 - CAN1 or ECAN1 Event
44 36 0x00005C 0x00015C DMA3 — DMA Channel 3
45 37 0x00005E 0x00015E IC3 — Input Capture 3
46 38 0x000060 0x000160 IC4 — Input Capture 4
47 39 0x000062 0x000162 IC5 — Input Capture 5
48 40 0x000064 0x000164 IC6 — Input Capture 6
49 41 0x000066 0x000166 OCS5 — Output Compare 5
50 42 0x000068 0x000168 OC6 — Output Compare 6
51 43 0x00006A 0x00016A OC7 — Output Compare 7
52 44 0x00006C 0x00016C OC8 — Output Compare 8
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TABLE 6-1: INTERRUPT VECTORS (CONTINUED)
Vector Interrupt
Number Request (IRQ) IVT Address AIVT Address Interrupt Source
Number
53 45 0x00006E 0x00016E Reserved
54 46 0x000070 0x000170 DMA4 — DMA Channel 4
55 a7 0x000072 0x000172 T6 — Timer6
56 48 0x000074 0x000174 T7 — Timer7
57 49 0x000076 0x000176 SI12C2 - 12C2 Slave Events
58 50 0x000078 0x000178 MI2C2 — 12C2 Master Events
59 51 0x00007A 0x00017A T8 — Timer8
60 52 0x00007C 0x00017C T9 — Timer9
61 53 0x00007E 0x00017E INT3 — External Interrupt 3
62 54 0x000080 0x000180 INT4 — External Interrupt 4
63 55 0x000082 0x000182 C2RX — ECAN2 Receive Data Ready
C2E — CAN2 Error (for devices marked “PS”)
64 56 0x000084 0x000184 C2 — CAN2 or ECAN2 Event
65 57 0x000086 0x000186 PWM — PWM Period Match
66 58 0x000088 0x000188 QEI — Position Counter Compare
67 59 0x00008A 0x00018A DCIE — DCI Error
68 60 0x00008C 0x00018C DCID — DCI Transfer Done
69 61 0x00008E 0x00018E DMAS — DMA Channel 5
70 62 0x000090 0x000190 Reserved
71 63 0x000092 0x000192 FLTA — MCPWM Fault A
72 64 0x000094 0x000194 FLTB — MCPWM Fault B
73 65 0x000096 0x000196 U1E — UARTL1 Error
74 66 0x000098 0x000198 U2E — UART2 Error
75 67 0x00009A 0x00019A Reserved
76 68 0x00009C 0x00019C DMAG6 — DMA Channel 6
77 69 0x00009E 0x00019E DMA7 — DMA Channel 7
78 70 0x0000A0 0x0001A0 C1TX — ECAN1 Transmit Data Request
Reserved (for devices marked “PS”)
79 71 0x0000A2 0x0001A2 C2TX — ECAN2 Transmit Data Request
Reserved (for devices marked “PS”)
80-125 72-117 0x0000A4- 0x0001A4- Reserved
0x0000FE 0x0001FE
TABLE 6-2: TRAP VECTORS
Vector Number IVT Address AIVT Address Trap Source
0 0x000004 0x000084 Reserved
1 0x000006 0x000086 Oscillator Failure
2 0x000008 0x000088 Address Error
3 0x00000A 0x00008A Stack Error
4 0x00000C 0x00008C Math Error
5 0x00000E 0x00008E DMA Error Trap
6 0x000010 0x000090 Reserved
7 0x000012 0x000092 Reserved
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6.3 Interrupt Control and Status
Registers

dsPIC33F devices implement a total of 30 registers
(29 for devices marked “PS”) for the interrupt controller:

* INTCON1
* INTCON2
* IFSO through IFS4
« |IECO through IEC4

e IPCO through IPC17 (IPCO through IPC16 for
devices marked “PS”)

Global interrupt control functions are controlled from
INTCONL1 and INTCON2. INTCON1 contains the Inter-
rupt Nesting Disable (NSTDIS) bit 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.

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.

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.

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.

The interrupt sources are assigned to the IFSx, IECx
and IPCx registers in the same sequence that they are
listed in Table 6-1. 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>).

Although they are not specifically part of the interrupt
control hardware, two of the CPU Control registers con-
tain 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 inter-
rupt priority level. The user 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. IPL3 is a read-only bit so that trap events
cannot be masked by the user software.

All Interrupt registers are described in Register 6-1
through Register 6-41, in the following pages.
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REGISTER 6-1:  SR: CPU STATUS REGISTER®)

R-0 R-0 R/C-0 R/C-0 R-0 R/C-0 R-0 R/W-0
OA OB SA SB OAB SAB DA DC
bit 15 bit 8
R/W-0?) R/W-0?) R/W-0® R-0 R/W-0 R/W-0 R/W-0 R/W-0
iPL2(M iPL1® iPLO® RA N ov z C
bit 7 bit 0
Legend:
C = Clear only bit R = Readable bit U = Unimplemented bit, read as ‘0’
S = Set only bit W = Writable bit -n = Value at POR
‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-5 IPL<2:0>: CPU Interrupt Priority Level Status bits()

111 = CPU Interrupt Priority Level is 7 (15), user interrupts disabled
110 = CPU Interrupt Priority Level is 6 (14)

101 = CPU Interrupt Priority Level is 5 (13)

100 = CPU Interrupt Priority Level is 4 (12)

011 = CPU Interrupt Priority Level is 3 (11)

010 = CPU Interrupt Priority Level is 2 (10)

001 = CPU Interrupt Priority Level is 1 (9)

000 = CPU Interrupt Priority Level is 0 (8)

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

2. The IPL<2:0> Status bhits are read-only when NSTDIS (INTCON1<15>) = 1.
3:  For complete register details, see Register 2-1: “SR: CPU STATUS Register”.

REGISTER 6-2: CORCON: CORE CONTROL REGISTER®

U-0 U-0 U-0 R/W-0 R/W-0 R-0 R-0 R-0
— | — | — | us | Ebr | DL<2:0>
bit 15 bit 8
R/W-0 R/W-0 R/W-1 R/W-0 R/C-0 R/W-0 R/W-0 R/W-0
SATA SATB SATDW ACCSAT IPL3M PSSV RND IF
bit 7 bit 0
Legend: C = Clear only bit
R = Readable bit W = Writable bit -n = Value at POR ‘1’ = Bit is set
0’ = Bit is cleared ‘x = Bit is unknown U = Unimplemented bit, read as ‘0’
bit 3 IPL3: CPU Interrupt Priority Level Status bit 3

1 = CPU interrupt priority level is greater than 7
0 = CPU interrupt priority level is 7 or less

Note 1: The IPL3 bit is concatenated with the IPL<2:0> bits (SR<7:5>) to form the CPU Interrupt Priority Level.
2. For complete register details, see Register 2-2: “CORCON: CORE Control Register”.
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REGISTER 6-3: INTCON1: INTERRUPT CONTROL REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
NSTDIS OVAERR OVBERR | COVAERR | COVBERR OVBTE COVTE
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 uU-0

SFTACERR DIVOERR DMACERR | MATHERR | ADDRERR OSCFAIL —
bit 7 bit 0
Legend:
R = Readable hit 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 NSTDIS: Interrupt Nesting Disable bit

1 = Interrupt nesting is disabled
0 = Interrupt nesting is enabled

bit 14 OVAERR: Accumulator A Overflow Trap Flag bit

1 = Trap was caused by overflow of Accumulator A

0 = Trap was not caused by overflow of Accumulator A
bit 13 OVBERR: Accumulator B Overflow Trap Flag bit

1 = Trap was caused by overflow of Accumulator B
0 = Trap was not caused by overflow of Accumulator B

bit 12 COVAERR: Accumulator A Catastrophic Overflow Trap Enable bit

1 = Trap was caused by catastrophic overflow of Accumulator A
0 = Trap was not caused by catastrophic overflow of Accumulator A

bit 11 COVBERR: Accumulator B Catastrophic Overflow Trap Enable bit

1 = Trap was caused by catastrophic overflow of Accumulator B
0 = Trap was not caused by catastrophic overflow of Accumulator B

bit 10 OVATE: Accumulator A Overflow Trap Enable bit

1 = Trap overflow of Accumulator A
0 = Trap disabled

bit 9 OVBTE: Accumulator B Overflow Trap Enable bit

1 = Trap overflow of Accumulator B
0 = Trap disabled

bit 8 COVTE: Catastrophic Overflow Trap Enable bit

1 = Trap on catastrophic overflow of Accumulator A or B enabled
0 = Trap disabled

bit 7 SFTACERR: Shift Accumulator Error Status bit

1 = Math error trap was caused by an invalid accumulator shift
0 = Math error trap was not caused by an invalid accumulator shift

bit 6 DIVOERR: Arithmetic Error Status bit

1 = Math error trap was caused by a divide by zero
0 = Math error trap was not caused by a divide by zero

bit 5 DMACERR: DMA Controller Error Status bit

1 = DMA controller error trap has occurred
0 = DMA controller error trap has not occurred

bit 4 MATHERR: Arithmetic Error Status bit

1 = Math error trap has occurred
0 = Math error trap has not occurred
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REGISTER 6-3: INTCONL1: INTERRUPT CONTROL REGISTER 1 (CONTINUED)

bit 3 ADDRERR: Address Error Trap Status bit

1 = Address error trap has occurred
0 = Address error trap has not occurred

bit 2 STKERR: Stack Error Trap Status bit

1 = Stack error trap has occurred
0 = Stack error trap has not occurred

bit 1 OSCFAIL: Oscillator Failure Trap Status bit

1 = Oscillator failure trap has occurred
0 = Oscillator failure trap has not occurred

bit 0 Unimplemented: Read as ‘0’
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REGISTER 6-4: INTCON2: INTERRUPT CONTROL REGISTER 2

R/W-0 R-0 uU-0 uU-0 uU-0 uU-0 u-0 uU-0
ALTIVT DISI — — — — —
bit 15 bit 8
uU-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — INT4EP INT3EP INT2EP INT1EP INTOEP
bit 7 bit 0
Legend:
R = Readable hit 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 ALTIVT: Enable Alternate Interrupt Vector Table bit
1 = Use alternate vector table
0 = Use standard (default) vector table
bit 14 DISI: DISI Instruction Status bit
1 = DISTI instruction is active
0 = DIST instruction is not active
bit 13-5 Unimplemented: Read as ‘0’
bit 4 INT4EP: External Interrupt 4 Edge Detect Polarity Select bit
1 = Interrupt on negative edge
0 = Interrupt on positive edge
bit 3 INT3EP: External Interrupt 3 Edge Detect Polarity Select bit
1 = Interrupt on negative edge
0 = Interrupt on positive edge
bit 2 INT2EP: External Interrupt 2 Edge Detect Polarity Select bit
1 = Interrupt on negative edge
0 = Interrupt on positive edge
bit 1 INT1EP: External Interrupt 1 Edge Detect Polarity Select bit
1 = Interrupt on negative edge
0 = Interrupt on positive edge
bit 0 INTOEP: External Interrupt O Edge Detect Polarity Select bit

1 = Interrupt on negative edge
0 = Interrupt on positive edge
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REGISTER 6-5: IFSO: INTERRUPT FLAG STATUS REGISTER O

uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— DMAL1IF ADL1IF UITXIF U1RXIF SPI1IF SPI1EIF T3IF
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
T2IF OC2IF IC2IF DMAO1IF T1IF OC1IF IC1lIF INTOIF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 15 Unimplemented: Read as ‘0’
bit 14 DMALIF: DMA Channel 1 Data Transfer Complete Interrupt Flag Status bit

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

bit 13 ADL1IF: ADC1 Conversion Complete Interrupt Flag Status bit

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

bit 12 UITXIF: UART1 Transmitter Interrupt Flag Status bit

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

bit 11 U1RXIF: UART1 Receiver Interrupt Flag Status bit

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

bit 10 SPI1IF: SPI1 Event Interrupt Flag Status bit

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

bit 9 SPI1EIF: SPI1 Fault Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 8 T3IF: Timer3 Interrupt Flag Status bit

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

bit 7 T2IF: Timer2 Interrupt Flag Status bit

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

bit 6 OC2IF: Output Compare Channel 2 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 5 IC2IF: Input Capture Channel 2 Interrupt Flag Status bit

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

bit 4 DMAOIF: DMA Channel 0 Data Transfer Complete Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-5: IFSO: INTERRUPT FLAG STATUS REGISTER 0 (CONTINUED)

bit 3 T1IF: Timerl Interrupt Flag Status bit

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

bit 2 OCL1IF: Output Compare Channel 1 Interrupt Flag Status bit

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

bit 1 IC1IF: Input Capture Channel 1 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 0 INTOIF: External Interrupt 0 Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-6: 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 TSIF T4lF OCA4IF OC3IF DMA21IF
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IC8IF IC7IF AD2IF INT1IF CNIF — MI2C1IF SI2C1IF
bit 7 bit 0
Legend:

W = Writable bit
‘1’ = Bit is set

R = Readable bit
-n = Value at POR

‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

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 OCA4IF: Output Compare Channel 4 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 9 OCSIF: Output Compare Channel 3 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 8 DMAZ2IF: 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 AD2IF: ADC2 Conversion Complete Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 4 INTLIF: External Interrupt 1 Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-6: IFS1: INTERRUPT FLAG STATUS REGISTER 1 (CONTINUED)

bit 3 CNIF: Input Change Notification Interrupt Flag Status bit

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

bit 2 Unimplemented: Read as ‘0’

bit 1 MI2CL1IF: 12C1 Master Events Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 0 SI2C1IF: 12C1 Slave Events Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-7: IFS2: INTERRUPT FLAG STATUS REGISTER 2

R/W-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
T6IF DMAA4IF — OCs8IF OC7IF OC6IF OCSIF IC6IF
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IC5IF IC4IF IC3IF DMA3IF C1IF C1RXIF SPI2IF SPI2EIF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 15 T6IF: Timer6 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 14 DMAA4IF: DMA Channel 4 Data Transfer Complete Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 13 Unimplemented: Read as ‘0’
bit 12 OCS8IF: Output Compare Channel 8 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 11 OCTYIF: Output Compare Channel 7 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 10 OCG6IF: Output Compare Channel 6 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 9 OCS5IF: Output Compare Channel 5 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 8 IC6IF: Input Capture Channel 6 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 7 IC5IF: Input Capture Channel 5 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 6 IC4IF: Input Capture Channel 4 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 5 IC3IF: Input Capture Channel 3 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 4 DMAGSIF: DMA Channel 3 Data Transfer Complete Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-7: IFS2: INTERRUPT FLAG STATUS REGISTER 2 (CONTINUED)

bit 3 C1IF: ECAN1 Event Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 2 C1RXIF: ECANL1 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
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REGISTER 6-8:  IFS2: INTERRUPT FLAG STATUS REGISTER 2 (“PS” DEVICES)
RIW-0 RIW-0 U-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0
T6IF DMA4IF — OC8IF oc7F | ocelF | ocsiF | IcelF
bit 15 bit 8
RIW-0 RW-0 RIW-0 RW-0 RW-0 RIW-0 R/W-0 RIW-0
IC5IF IC4IF IC3IF DMA3IF CLIF CIEIF SPI2IF SPI2EIF
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

bit 15

bit 14

bit 13
bit 12

bit 11

bit 10

bit 9

bit 8

bit 7

bit 6

bit 5

bit 4

bit 3

T6IF: Timer6 Interrupt Flag Status bit

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

DMAA4IF: DMA Channel 4 Data Transfer Complete Interrupt Flag Status bit

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

Unimplemented: Read as ‘0’
OCS8IF: Output Compare Channel 8 Interrupt Flag Status bit

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

OCTYIF: Output Compare Channel 7 Interrupt Flag Status bit

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

OC6IF: Output Compare Channel 6 Interrupt Flag Status bit

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

OCS5IF: Output Compare Channel 5 Interrupt Flag Status bit

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

IC6IF: Input Capture Channel 6 Interrupt Flag Status bit

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

IC5IF: Input Capture Channel 5 Interrupt Flag Status bit

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

IC4IF: Input Capture Channel 4 Interrupt Flag Status bit

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

IC3IF: Input Capture Channel 3 Interrupt Flag Status bit

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

DMAGSIF: DMA Channel 3 Data Transfer Complete Interrupt Flag Status bit
1 = Interrupt request has occurred

0 = Interrupt request has not occurred

C1IF: CAN1 Event Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-8: IFS2: INTERRUPT FLAG STATUS REGISTER 2 (*PS” DEVICES) (CONTINUED)

bit 2 C1EIF: CAN1 Error 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 O SPI2EIF: SPI2 Error Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-9: IFS3: INTERRUPT FLAG STATUS REGISTER 3
R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
FLTAIF — DMASIF DCIIF DCIEIF | QEIIF | PWMIF C2IF

bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
C2RXIF INT4IF INT3IF TIIF T8IF MI2C2IF SI2C2IF T7IF

bit 7 bit 0

Legend:

W = Writable bit
‘1’ = Bit is set

R = Readable bit
-n = Value at POR

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

X = Bit is unknown

bit 15 FLTAIF: PWM Fault A Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 14 Unimplemented: Read as ‘0’

bit 13 DMAGSIF: DMA Channel 5 Data Transfer Complete Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 12 DCIIF: DCI Event Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 11 DCIEIF: DCI Error Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 10 QEIIF: QEI Event Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 9 PWMIF: PWM Error Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 8 C2IF: ECAN2 Event Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 7 C2RXIF: ECAN2 Receive Data Ready Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 6 INT4IF: External Interrupt 4 Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 5 INT3IF: External Interrupt 3 Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 4 TOIF: Timer9 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 3 T8IF: Timer8 Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-9: IFS3: INTERRUPT FLAG STATUS REGISTER 3 (CONTINUED)

bit 2 MI2C2IF: 12C2 Master Events Interrupt Flag Status bit

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

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

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

bit O T7IF: Timer7 Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-10:

IFS3: INTERRUPT FLAG STATUS REGISTER 3 (“PS” DEVICES)

RIW-0 U-0 RIW-0 RW-0 RIW-0 RIW-0 R/W-0 RIW-0
FLTAIF — DMASIF DCIIF DCIEIF | QENIF | PwMF | c2F

bit 15 bit 8
RIW-0 RW-0 RW-0 RW-0 RW-0 RIW-0 RIW-0 RIW-0
C2EIF INT4IF INT3IF TOIF T8IF MI2C2IF sl2c2IF T7IF

bit 7 bit 0

Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

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

X = Bit is unknown

bit 15 FLTAIF: PWM Fault A Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 14 Unimplemented: Read as ‘0’

bit 13 DMAGSIF: DMA Channel 5 Data Transfer Complete Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 12 DCIIF: DCI Event Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 11 DCIEIF: DCI Error Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 10 QEIIF: QEI Event Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 9 PWMIF: PWM Error Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 8 C2IF: CAN2 Event Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 7 C2EIF: CAN2 Error Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 6 INT4IF: External Interrupt 4 Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 5 INT3IF: External Interrupt 3 Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 4 TOIF: Timer9 Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 3 T8IF: Timer8 Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-10:  IFS3: INTERRUPT FLAG STATUS REGISTER 3 (“PS” DEVICES) (CONTINUED)

bit 2 MI2C2IF: 12C2 Master Events Interrupt Flag Status bit

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

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

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

bit O T7IF: Timer7 Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-11: IFS4: INTERRUPT FLAG STATUS REGISTER 4

uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 U-0
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0
C2TXIF C1TXIF DMA7IF DMAG6IF — U2EIF U1EIF FLTBIF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 15-8 Unimplemented: Read as ‘0’
bit 7 C2TXIF: ECAN2 Transmit Data Request Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 6 C1TXIF: ECAN1 Transmit Data Request Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 5 DMAYIF: DMA Channel 7 Data Transfer Complete Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 4 DMAGIF: DMA Channel 6 Data Transfer Complete Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 3 Unimplemented: Read as ‘0’
bit 2 UZ2EIF: UART2 Error Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 1 U1EIF: UARTL1 Error Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit O FLTBIF: PWM Fault B Interrupt Flag Status bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-12: IFS4: INTERRUPT FLAG STATUS REGISTER 4 (DEVICES MARKED “PS”)

uU-0 uU-0 U-0 uU-0 uU-0 uU-0 u-0 uU-0
bit 15 bit 8
U-0 U-0 uU-0 U-0 uU-0 R/W-0 R/W-0 R/W-0
— — — — — U2EIF U1EIF FLTBIF
bit 7 bit 0
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 15-3 Unimplemented: Read as ‘0’
bit 2 UZ2EIF: UART2 Error Interrupt Flag Status bit

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

bit 1 U1EIF: UARTL1 Error Interrupt Flag Status bit

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

bit 0 FLTBIF: PWM Fault B Interrupt Flag Status bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-13: IECO: INTERRUPT ENABLE CONTROL REGISTER O

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— DMAL1IE AD1IE UITXIE U1RXIE SPILlIE SPI1EIE T3IE
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
T2IE OC2IE IC2IE DMAOIE T1IE OC1IE IC1lIE INTOIE
bit 7 bit 0
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 15 Unimplemented: Read as ‘0’
bit 14 DMALIE: DMA Channel 1 Data Transfer Complete Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 13 ADLIE: ADC1 Conversion Complete Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 12 ULTXIE: UART1 Transmitter Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 11 U1RXIE: UART1 Receiver Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 10 SPI1IE: SPI1 Event Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 9 SPI1EIE: SPI1 Error Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 8 T3IE: Timer3 Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 7 T2IE: Timer2 Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 6 OC2IE: Output Compare Channel 2 Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 5 IC2IE: Input Capture Channel 2 Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 4 DMAOIE: DMA Channel 0 Data Transfer Complete Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 3 T1IE: Timerl Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled
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REGISTER 6-13: IECO: INTERRUPT ENABLE CONTROL REGISTER 0 (CONTINUED)

bit 2 OCLIE: Output Compare Channel 1 Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 1 IC1IE: Input Capture Channel 1 Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit O INTOIE: External Interrupt O Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled
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REGISTER 6-14: |IEC1: INTERRUPT ENABLE CONTROL REGISTER 1

R = Readable bit W = Writable bit

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 DMAZ2IE
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

IC8IE IC7IE AD2IE INTL1IE CNIE — MI2C1IE SI2C1IE
bit 7 bit 0
Legend:

U = Unimplemented bit, read as ‘0’

X = Bit is unknown

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared
bit 15 U2TXIE: UART2 Transmitter Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 14 U2RXIE: UART2 Receiver Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 13 INT2IE: External Interrupt 2 Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 12 T5IE: Timer5 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 11 T4IE: Timer4 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 10 OCA4IE: Output Compare Channel 4 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 9 OCSIE: Output Compare Channel 3 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 8 DMAZ2IE: DMA Channel 2 Data Transfer Complete Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 7 IC8IE: Input Capture Channel 8 Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 6 IC7IE: Input Capture Channel 7 Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 5 AD2IE: ADC2 Conversion Complete Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 4 INTLIE: External Interrupt 1 Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled
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REGISTER 6-14: |IEC1: INTERRUPT ENABLE CONTROL REGISTER 1 (CONTINUED)

bit 3 CNIE: Input Change Noatification Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 2 Unimplemented: Read as ‘0’

bit 1 MI2CL1IE: 12C1 Master Events Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled

bit 0 SI2C1IE: 12C1 Slave Events Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled
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REGISTER 6-15: IEC2: INTERRUPT ENABLE CONTROL REGISTER 2

R/W-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
T6IE DMAJIE — OCS8IE OC7IE OC6IE OCS5IE IC6IE
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IC5IE IC4IE IC3IE DMASIE C1lIE C1RXIE SPI2IE SPI2EIE
bit 7 bit 0
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 15 T6IE: Timer6 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 14 DMAA4IE: DMA Channel 4 Data Transfer Complete Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 13 Unimplemented: Read as ‘0’
bit 12 OCSIE: Output Compare Channel 8 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 11 OCTYIE: Output Compare Channel 7 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 10 OCB6IE: Output Compare Channel 6 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 9 OCSIE: Output Compare Channel 5 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 8 IC6IE: Input Capture Channel 6 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 7 IC5IE: Input Capture Channel 5 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 6 IC4IE: Input Capture Channel 4 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 5 IC3IE: Input Capture Channel 3 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 4 DMAGSIE: DMA Channel 3 Data Transfer Complete Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 3 C1IE: ECANL1 Event Interrupt Enable bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-15: |IEC2: INTERRUPT ENABLE CONTROL REGISTER 2 (CONTINUED)

bit 2 C1RXIE: ECAN1 Receive Data Ready Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 1 SPI2IE: SPI2 Event Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit O SPI2EIE: SPI2 Error Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled

© 2006 Microchip Technology Inc. Advance Information DS70165B-page 129



dsPIC33F

REGISTER 6-16:  IEC2: INTERRUPT ENABLE CONTROL REGISTER 2 (*PS” DEVICES)

R/W-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
T6IE DMA4IE — OC8IE OC7IE | OC6IE | OCSE | IC6IE
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IC5IE IC4IE IC3IE DMASIE C1lIE C1EIE SPI2IE SPI2EIE
bit 7 bit 0
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 15 T6IE: Timer6 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 14 DMAA4IE: DMA Channel 4 Data Transfer Complete Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 13 Unimplemented: Read as ‘0’
bit 12 OCSIE: Output Compare Channel 8 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 11 OCTYIE: Output Compare Channel 7 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 10 OCB6IE: Output Compare Channel 6 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 9 OCSIE: Output Compare Channel 5 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 8 IC6IE: Input Capture Channel 6 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 7 IC5IE: Input Capture Channel 5 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 6 IC4IE: Input Capture Channel 4 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 5 IC3IE: Input Capture Channel 3 Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit 4 DMAGSIE: DMA Channel 3 Data Transfer Complete Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 3 C1IE: CAN1 Event Interrupt Enable bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-16:  IEC2: INTERRUPT ENABLE CONTROL REGISTER 2 (“PS” DEVICES) (CONTINUED)

bit 2 C1EIE: CANL1 Error Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 1 SPI2IE: SPI2 Event Interrupt Enable bit
1 = Interrupt request enabled
0 = Interrupt request not enabled
bit O SPI2EIE: SPI2 Error Interrupt Enable bit

1 = Interrupt request enabled
0 = Interrupt request not enabled
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REGISTER 6-17:

IEC3: INTERRUPT ENABLE CONTROL REGISTER 3

R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
FLTAIE — DMASIE DCIIE DCIEIE | QEIIE | PWMIE C2IE
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
C2RXIE INT4IE INT3IE TOIE T8IE MI2C2IE SI2C2IE T7IE
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

X = Bit is unknown

bit 15 FLTAIE: PWM Fault A Interrupt Enable bit

1 = Interrupt request has occurred

0 = Interrupt request has not occurred
bit 14 Unimplemented: Read as ‘0’
bit 13 DMAGSIE: DMA Channel 5 Data Transfer Complete Interrupt Enable bit

1 = Interrupt request has occurred

0 = Interrupt request has not occurred
bit 12 DCIIE: DCI Event Interrupt Enable bit

1 = Interrupt request has occurred

0 = Interrupt request has not occurred
bit 11 DCIEIE: DCI Error Interrupt Enable bit

1 = Interrupt request has occurred

0 = Interrupt request has not occurred
bit 10 QEIIE: QEI Event Interrupt Enable bit

1 = Interrupt request has occurred

0 = Interrupt request has not occurred
bit 9 PWMIE: PWM Error Interrupt Enable bit

1 = Interrupt request has occurred

0 = Interrupt request has not occurred
bit 8 C2IE: ECAN2 Event Interrupt Enable bit

1 = Interrupt request has occurred

0 = Interrupt request has not occurred
bit 7 C2RXIE: ECAN2 Receive Data Ready Interrupt Enable bit

1 = Interrupt request has occurred

0 = Interrupt request has not occurred
bit 6 INT4IE: External Interrupt 4 Enable bit

1 = Interrupt request has occurred

0 = Interrupt request has not occurred
bit 5 INT3IE: External Interrupt 3 Enable bit

1 = Interrupt request has occurred

0 = Interrupt request has not occurred
bit 4 TOIE: Timer9 Interrupt Enable bit

1 = Interrupt request has occurred

0 = Interrupt request has not occurred
bit 3 T8IE: Timer8 Interrupt Enable bit

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

DS70165B-page 132 Advance Information

© 2006 Microchip Technology Inc.




dsPIC33F

REGISTER 6-17: IEC3: INTERRUPT ENABLE CONTROL REGISTER 3 (CONTINUED)

bit 2 MI2C2IE: 12C2 Master Events Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 1 SI2C2IE: 12C2 Slave Events Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit O T7IE: Timer7 Interrupt Enable bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-18:

IEC3: INTERRUPT ENABLE CONTROL REGISTER 3 (“PS” DEVICES)

R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
FLTAIE — DMASIE DCIIE DCIEIEE | QEIE | PWME | C2E
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
C2EIE INT4IE INT3IE TOIE T8IE MI2C2IE SI2C2IE T7IE
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 FLTAIE: PWM Fault A Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 14 Unimplemented: Read as ‘0’
bit 13 DMAGSIE: DMA Channel 5 Data Transfer Complete Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 12 DCIIE: DCI Event Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 11 DCIEIE: DCI Error Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 10 QEIIE: QEI Event Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 9 PWMIE: PWM Error Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 8 C2IE: CAN2 Event Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 7 C2EIE: CAN2 Error Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 6 INT4IE: External Interrupt 4 Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 5 INT3IE: External Interrupt 3 Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 4 TOIE: Timer9 Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 3 T8IE: Timer8 Interrupt Enable bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-18:  IEC3: INTERRUPT ENABLE CONTROL REGISTER 3 (“PS” DEVICES) (CONTINUED)

bit 2 MI2C2IE: 12C2 Master Events Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 1 SI2C2IE: 12C2 Slave Events Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit O T7IE: Timer7 Interrupt Enable bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-19:

IEC4: INTERRUPT ENABLE CONTROL REGISTER 4

uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0
C2TXIE C1TXIE DMA7IE DMAGIE — U2EIE U1EIE FLTBIE
bit 7 bit 0
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 15-8 Unimplemented: Read as ‘0’
bit 7 C2TXIE: ECAN2 Transmit Data Request Interrupt Enable bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
bit 6 C1TXIE: ECAN1 Transmit Data Request Interrupt Enable bit

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

bit 5 DMATYIE: DMA Channel 7 Data Transfer Complete Enable Status bit

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

bit 4 DMAGIE: DMA Channel 6 Data Transfer Complete Enable Status bit

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

bit 3 Unimplemented: Read as ‘0’

bit 2 UZ2EIE: UART2 Error Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 1 U1EIE: UART1 Error Interrupt Enable bit
1 = Interrupt request has occurred
0 = Interrupt request has not occurred

bit 0 FLTBIE: PWM Fault B Interrupt Enable bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-20: |IEC4: INTERRUPT ENABLE CONTROL REGISTER 4 (DEVICES MARKED “PS")

uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0
bit 15 bit 8
uU-0 uU-0 uU-0 U-0 uU-0 R/W-0 R/W-0 R/W-0
— — — — — U2EIE U1EIE FLTBIE
bit 7 bit 0
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 15-3 Unimplemented: Read as ‘0’
bit 2 UZ2EIE: UART2 Error Interrupt Enable bit

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

bit 1 U1EIE: UART1 Error Interrupt Enable bit

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

bit 0 FLTBIE: PWM Fault B Interrupt Enable bit

1 = Interrupt request has occurred
0 = Interrupt request has not occurred
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REGISTER 6-21: IPCO: INTERRUPT PRIORITY CONTROL REGISTER 0

U-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— T1IP<2:0> — OC1IP<2:0>
bit 15 bit 8
uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— IC1IP<2:0> — INTOIP<2:0>
bit 7 bit 0
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 15 Unimplemented: Read as ‘0’
bit 14-12 T1IP<2:0>: Timerl 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 OC1IP<2:0>: Output Compare Channel 1 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 IC11P<2:0>: Input Capture Channel 1 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 INTOIP<2:0>: External Interrupt O 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 6-22: IPC1: INTERRUPT PRIORITY CONTROL REGISTER 1

uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— T2IP<2:0> — OC2IP<2:0>
bit 15 bit 8
uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— IC2IP<2:0> — DMAOIP<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 T2IP<2:0>: Timer2 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 OC2IP<2:0>: Output Compare Channel 2 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 IC2IP<2:0>: Input Capture Channel 2 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 DMAOIP<2:0>: DMA Channel 0 Data Transfer Complete 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 6-23: IPC2: INTERRUPT PRIORITY CONTROL REGISTER 2
uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— U1RXIP<2:0> — SPI11P<2:0>
bit 15 bit 8
uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— SPI1EIP<2:0> — T3IP<2:0>
bit 7 bit 0
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 15 Unimplemented: Read as ‘0’
bit 14-12 U1RXIP<2:0>: UART1 Receiver 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 SPI1IP<2:0>: SPI1 Event 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 SPI1EIP<2:0>: SPI1 Error 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 T3IP<2:0>: Timer3 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 6-24: IPC3: INTERRUPT PRIORITY CONTROL REGISTER 3

uU-0 uU-0 uU-0 U-0 uU-0 R/W-1 R/W-0 R/W-0
— — — — — DMA1IP<2:0>
bit 15 bit 8
uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— AD1IP<2:0> — U1TXIP<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 DMAL1IP<2:0>: DMA Channel 1 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 AD1IP<2:0>: ADC1 Conversion 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 U1TXIP<2:0>: UART1 Transmitter 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 6-25: IPC4: INTERRUPT PRIORITY CONTROL REGISTER 4

uU-0 R/W-1 R/W-0 R/W-0 uU-0 uU-0 uU-0 uU-0
— CNIP<2:0> — — _ _
bit 15 bit 8
u-0 R/W-1 R/W-0 R/W-0 uU-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 Unimplemented: Read as ‘0’
bit 14-12 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
bit 11-7 Unimplemented: Read as ‘0’

bit 6-4 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
bit 3 Unimplemented: Read as ‘0’

bit 2-0 SI2C1IP<2:0>: I12C1 Slave Events 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 6-26: 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> — IC71P<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
— AD2IP<2:0> — INT1IP<2:0>
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

bit 15 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 Unimplemented: Read as ‘0’

bit 6-4 AD2IP<2:0>: ADC2 Conversion 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 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
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REGISTER 6-27: IPC6: INTERRUPT PRIORITY CONTROL REGISTER 6

uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— T4IP<2:0> — OC41P<2:0>
bit 15 bit 8
uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— OC3IP<2:0> — DMA2IP<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 T41P<2:0>: Timer4 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 OC4IP<2:0>: Output Compare Channel 4 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 OC3IP<2:0>: Output Compare Channel 3 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 DMA2IP<2:0>: DMA Channel 2 Data Transfer Complete 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 6-28: IPC7: INTERRUPT PRIORITY CONTROL REGISTER 7

u-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-0 R/W-0
— U2TXIP<2:0> — U2RXIP<2:0>
bit 15 bit 8
uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-0 R/W-0
— INT2IP<2:0> — T51P<2:0>
bit 7 bit 0
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 15 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 6-29: IPC8: INTERRUPT PRIORITY CONTROL REGISTER 8
U-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— C1IP<2:0> — C1RXIP<2:0>
bit 15 bit 8
uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— SPI2IP<2:0> — SPI2EIP<2:0>
bit 7 bit 0
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 15 Unimplemented: Read as ‘0’
bit 14-12 C1IP<2:0>: ECAN1 Event 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 C1RXIP<2:0>: ECANL1 Receive Data Ready 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 SPI2IP<2:0>: SPI2 Event 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 SPI2EIP<2:0>: SPI2 Error 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 6-30:

IPC8: INTERRUPT PRIORITY CONTROL REGISTER 8 (DEVICES MARKED “PS”)

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— C1lIP<2:0> — ClEIP<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
— SPI2IP<2:0> — SPI2EIP<2:0>
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

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’

C1IP<2:0>: CAN1 Event 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’

C1EIP<2:0>: CAN1 Error 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’

SPI2IP<2:0>: SPI2 Event 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’

SPI2EIP<2:0>: SPI2 Error Interrupt Priority bits

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

000 = Interrupt source is disabled

© 2006 Microchip Technology Inc.

Advance Information

DS70165B-page 147




dsPIC33F

REGISTER 6-31: IPC9: INTERRUPT PRIORITY CONTROL REGISTER 9

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— IC5IP<2:0> — IC41P<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
— IC31P<2:0> — DMA3IP<2:0>
bit 7 bit 0
Legend:
R = Readable hit 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 IC5IP<2:0>: Input Capture Channel 5 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 IC41P<2:0>: Input Capture Channel 4 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 IC3IP<2:0>: Input Capture Channel 3 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 DMAS3IP<2:0>: DMA Channel 3 Data Transfer Complete Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled

DS70165B-page 148 Advance Information © 2006 Microchip Technology Inc.



dsPIC33F

REGISTER 6-32:

IPC10: INTERRUPT PRIORITY CONTROL REGISTER 10

uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— OC7IP<2:0> — 0OC6IP<2:0>
bit 15 bit 8
uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— OC5IP<2:0> — IC61P<2:0>
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

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

X = Bit is unknown

bit 15 Unimplemented: Read as ‘0’

bit 14-12 OC7IP<2:0>: Output Compare Channel 7 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 OC6IP<2:0>: Output Compare Channel 6 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 OC5IP<2:0>: Output Compare Channel 5 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 IC61P<2:0>: Input Capture Channel 6 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 6-33: IPC11: INTERRUPT PRIORITY CONTROL REGISTER 11

U-0 R/W-1 R/W-0 R/W-0 u-0 R/W-1 R/W-0 R/W-0
— T6IP<2:0> — DMA4IP<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
— — — — — 0OC8IP<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 T6IP<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 OC8IP<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 6-34:

IPC12: INTERRUPT PRIORITY CONTROL REGISTER 12

U-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— T8IP<2:0> — MI2C2IP<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
— SI2C21P<2:0> — T71P<2:0>
bit 7 bit 0
Legend:

W = Writable bit
‘1’ = Bit is set

R = Readable bit
-n = Value at POR

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

bit 15 Unimplemented: Read as ‘0’

bit 14-12 T8IP<2:0>: Timer8 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 MI2C2IP<2:0>: 12C2 Master Events 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 SI2C2IP<2:0>: 12C2 Slave Events 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 T71P<2:0>: Timer7 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 6-35:

IPC13: INTERRUPT PRIORITY CONTROL REGISTER 13

uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— C2RXIP<2:0> — INT41P<2:0>
bit 15 bit 8
uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— INT3IP<2:0> — T9IP<2:0>
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

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

X = Bit is unknown

bit 15
bit 14-12

bit 11
bit 10-8

bit 7
bit 6-4

bit 3
bit 2-0

Unimplemented: Read as ‘0’

C2RXIP<2:0>: ECAN2 Receive Data Ready 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’

INT4IP<2:0>: External Interrupt 4 Priority bits

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

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

INT3IP<2:0>: External Interrupt 3 Priority bits

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

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

T9IP<2:0>: Timer9 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 6-36:

IPC13: INTERRUPT PRIORITY CONTROL REGISTER 13 (DEVICES MARKED “PS")

u-0 R/W-1 R/W-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— C2EIP<2:0> — INT41P<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
— INT3IP<2:0> — T9IP<2:0>
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

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

X = Bit is unknown

bit 15
bit 14-12

bit 11
bit 10-8

bit 7
bit 6-4

bit 3
bit 2-0

Unimplemented: Read as ‘0’

C2EIP<2:0>: CAN2 Error 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’

INT4IP<2:0>: External Interrupt 4 Priority bits

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

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

INT3IP<2:0>: External Interrupt 3 Priority bits

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

000 = Interrupt source is disabled

Unimplemented: Read as ‘0’

T9IP<2:0>: Timer9 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 6-37:

IPC14: INTERRUPT PRIORITY CONTROL REGISTER 14

u-0 R/W-1 R/W-0 R/W-0 u-0 R/W-1 R/W-0 R/W-0
— DCIEIP<2:0> — QEIIP<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
— PWMIP<2:0> — C2IP<2:0>
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

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

X = Bit is unknown

bit 15
bit 14-12

bit 11
bit 10-8

bit 7
bit 6-4

bit 3
bit 2-0

Unimplemented: Read as ‘0’

DCIEIP<2:0>: DCI Error 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’

QEIIP<2:0>: QEI 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’

PWMIP<2:0>: PWM 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’

C2IP<2:0>: ECAN2 Event Interrupt Priority bits

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

000 = Interrupt source is disabled

DS70165B-page 154

Advance Information

© 2006 Microchip Technology Inc.



dsPIC33F

REGISTER 6-38:

IPC14: INTERRUPT PRIORITY CONTROL REGISTER 14 (DEVICES MARKED “PS")

u-0 R/W-1 R/W-0 R/W-0 u-0 R/W-1 R/W-0 R/W-0
— DCIEIP<2:0> — QEIIP<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
— PWMIP<2:0> — C2IP<2:0>
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

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

X = Bit is unknown

bit 15 Unimplemented: Read as ‘0’

bit 14-12 DCIEIP<2:0>: DCI Error 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 QEIIP<2:0>: QEI 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 PWMIP<2:0>: PWM 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 C2IP<2:0>: CAN2 Event 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 6-39:

IPC15: INTERRUPT PRIORITY CONTROL REGISTER 15

u-0 R/W-1 R/W-0 R/W-0 u-0 uU-0 uU-0 uU-0
= FLTAIP<2:0> — — — —
bit 15 bit 8
uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— DMA5IP<2:0> — DCIIP<2:0>
bit 7 bit 0
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 15 Unimplemented: Read as ‘0’
bit 14-12 FLTAIP<2:0>: PWM Fault A Interrupt Priority bits
111 = Interrupt is priority 7 (highest priority interrupt)
001 = Interrupt is priority 1
000 = Interrupt source is disabled
bit 11-7 Unimplemented: Read as ‘0’
bit 6-4 DMAS5IP<2:0>: DMA Channel 5 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 DCIIP<2:0>: DCI Event 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 6-40: IPC16: INTERRUPT PRIORITY CONTROL REGISTER 16

uU-0 uU-0 uU-0 U-0 uU-0 R/W-1 R/W-0 R/W-0
— — — — — U2EIP<2:0>
bit 15 bit 8
uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— U1lEIP<2:0> — FLTBIP<2:0>
bit 7 bit 0
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 15-11 Unimplemented: Read as ‘0’
bit 10-8 U2EIP<2:0>: UART2 Error 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 U1EIP<2:0>: UARTL1 Error 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 FLTBIP<2:0>:

PWM Fault B 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 6-41:  IPC17: INTERRUPT PRIORITY CONTROL REGISTER 17()

uU-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— C2TXIP<2:0> — C1TXIP<2:0>
bit 15 bit 8
U-0 R/W-1 R/W-0 R/W-0 uU-0 R/W-1 R/W-0 R/W-0
— DMA71P<2:0> — DMAG6IP<2:0>
bit 7 bit 0
Legend:
R = Readable hit 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 C2TXIP<2:0>: ECAN2 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 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 DMAGIP<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. This register is not present in devices marked “PS”.
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6.4 Interrupt Setup Procedures

6.4.1 INITIALIZATION
To configure an interrupt source:

1. Set the NSTDIS bit (INTCON1<15>) if nested
interrupts are not desired.

2. Select the user-assigned priority level for the
interrupt source by writing the control bits in the
appropriate IPCx register. The priority level will
depend on the specific application and type of
interrupt source. If multiple priority levels are not
desired, the IPCx register control bits for all
enabled interrupt sources may be programmed
to the same non-zero value.

Note: At a device Reset, the IPCx registers are
initialized, such that all user interrupt
sources are assigned to priority level 4.

3. Clear the interrupt flag status bit associated with
the peripheral in the associated IFSx register.

4. Enable the interrupt source by setting the inter-
rupt enable control bit associated with the
source in the appropriate IECx register.

6.4.2 INTERRUPT SERVICE ROUTINE

The method that is used to declare an ISR and initialize
the IVT with the correct vector address will depend on
the programming language (i.e., C or assembler) and
the language development toolsuite that is used to
develop the application. In general, the user must clear
the interrupt flag in the appropriate IFSx register for the
source of interrupt that the ISR handles. Otherwise, the
ISR will be re-entered immediately after exiting the
routine. If the ISR is coded in assembly language, it
must be terminated using a RETFIE instruction to
unstack the saved PC value, SRL value and old CPU
priority level.

6.4.3 TRAP SERVICE ROUTINE

A Trap Service Routine (TSR) is coded like an ISR,
except that the appropriate trap status flag in the
INTCONL register must be cleared to avoid re-entry
into the TSR.

6.4.4 INTERRUPT DISABLE

All user interrupts can be disabled using the following
procedure:

1. Push the current SR value onto the software
stack using the PUSH instruction.

2. Force the CPU to priority level 7 by inclusive
ORing the value OEh with SRL.

To enable user interrupts, the POP instruction may be
used to restore the previous SR value.

Note that only user interrupts with a priority level of 7 or
less can be disabled. Trap sources (level 8-level 15)
cannot be disabled.

The DISI instruction provides a convenient way to dis-
able interrupts of priority levels 1-6 for a fixed period of
time. Level 7 interrupt sources are not disabled by the
DISI instruction.
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7.0 DIRECT MEMORY ACCESS
(DMA)

Note:  This data sheet summarizes the features
of this group of dsPIC33F devices. It is not
intended to be a comprehensive reference
source. To complement the information in
this data sheet, refer to the “dsPIC30F
Family Reference Manual” (DS70046).

Direct Memory Access (DMA) is a very efficient
mechanism of copying data between peripheral SFRs
(e.g., UART Receive register, Input Capture 1 buffer),
and buffers or variables stored in RAM, with minimal
CPU intervention. The DMA controller can
automatically copy entire blocks of data without
requiring the user software to read or write the
peripheral Special Function Registers (SFRs) every
time a peripheral interrupt occurs. The DMA controller
uses a dedicated bus for data transfers and therefore,
does not steal cycles from the code execution flow of
the CPU. To exploit the DMA capability, the
corresponding user buffers or variables must be
located in DMA RAM.

The dsPIC33F peripherals that can utilize DMA are
listed in Table 7-1 along with their associated Interrupt
Request (IRQ) numbers.

The DMA controller features eight identical data
transfer channels.

Note: Devices marked “PS” feature six data
transfer channels instead of eight.

TABLE 7-1: PERIPHERALS WITH DMA
SUPPORT
Peripheral IRQ Number
INTO 0
Input Capture 1 1
Input Capture 2 5
Output Compare 1 2
Output Compare 2 6
Timer2 7
Timer3 8
SPI1 10
SPI2 33
UART1 Reception 11
UART1 Transmission 12
UART2 Reception 30
UART2 Transmission 31
ADC1 13
ADC2 21
DCI 60
ECAN1 Reception 34
ECAN1 Transmission 70
ECAN2 Reception 55
ECAN2 Transmission 71

Each channel has its own set of control and status
registers. Each DMA channel can be configured to
copy data either from buffers stored in dual port DMA
RAM to peripheral SFRs, or from peripheral SFRs to
buffers in DMA RAM.

The DMA controller supports the following features:

« Word or byte sized data transfers.

« Transfers from peripheral to DMA RAM or DMA
RAM to peripheral.

« Indirect Addressing of DMA RAM locations with or
without automatic post-increment.

 Peripheral Indirect Addressing — In some periph-
erals, the DMA RAM read/write addresses may
be partially derived from the peripheral.

* One-Shot Block Transfers — Terminating DMA
transfer after one block transfer.

« Continuous Block Transfers — Reloading DMA
RAM buffer start address after every block
transfer is complete.

e Ping-Pong Mode — Switching between two DMA
RAM start addresses between successive block
transfers, thereby filling two buffers alternately.

e Automatic or manual initiation of block transfers

« Each channel can select from 32 possible
sources of data sources or destinations.

For each DMA channel, a DMA interrupt request is
generated when a block transfer is complete.
Alternatively, an interrupt can be generated when half of
the block has been filled.
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FIGURE 7-1: TOP LEVEL SYSTEM ARCHITECTURE USING A DEDICATED TRANSACTION BUS
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Note: CPU and DMA address buses are not shown for clarity.

7.1 DMAC Registers

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

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

A 16-bit DMA Channel IRQ Select register
(DMAXREQ) — not present in devices marked “PS”
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, DMACSO and
DMACS1, are common to all DMAC channels.
DMACSO contains the DMA RAM and SFR write colli-
sion flags, XWCOLx and PWCOLX, respectively.
DMACSL1 (not present in devices marked “PS”)
indicates DMA channel and Ping-Pong mode status.

The DMAXCON, DMAXREQ, DMAxPAD and
DMAXCNT are all conventional read/write registers.
Reads of DMAXSTA or DMAXSTB will read the con-
tents 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 cor-
responding interrupt priority control bits (DMAXIP) are
located in an IPCx register in the interrupt controller.

7.2 DMAC Operating Modes

Each DMA channel has its own status and control reg-
ister (DMAXCON) that is used to configure the channel
to support the following operating modes:

Word or byte size data transfers

Peripheral to DMA RAM or DMA RAM to
peripheral transfers

Post-increment or static DMA RAM address
One-shot or continuous block transfers

Auto-switch between two start addresses after
each transfer complete (Ping-Pong mode)

Force a single DMA transfer (Manual mode)

Each DMA channel can be independently configured
to:

« Select from one of 128 DMA request sources
* Manually enable or disable the DMA channel

« Interrupt the CPU when the transfer is half or fully
complete

DMA channel interrupts are routed to the interrupt con-
troller module and enabled through associated enable
flags.

The channel DMA RAM and peripheral write collision
Faults are combined into a single DMAC error trap
(Level 10) and are not maskable. Each channel has
DMA RAM write collision (XWCOLXx) and peripheral
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write collision (PWCOLX) status bits in a DMAC Status
register (DMACSO) to allow the DMAC error trap han-
dler to determine the source of the Fault condition.

721 BYTE OR WORD TRANSFER

Each DMA channel can be configured to transfer
words or bytes. As usual, words can only be moved to
and from aligned (even) addresses. Bytes can be
moved to or from any (legal) address.

If the SIZE bit (DMAXCON<14>) is clear, word sized
data is transferred. The LSb of the DMA RAM Address
register (DMAXSTA or DMAXSTB) is ignored. If
Post-Increment Addressing mode is enabled, the DMA
RAM Address register is incremented by 2 after every
word transfer.

If the SIZE bit is set, byte sized data is transferred. If
Post-Increment Addressing is enabled, the DMA RAM
Address register is incremented by 1 after every byte
transfer.

Note: DMAXCNT value is independent of data
transfer size (byte/word). If an address off-
set is required, a 1-bit left shift of the
counter is required to generate the correct
offset for (aligned) word transfers.

7.2.2 ADDRESSING MODES

The DMAC supports Register Indirect and Register
Indirect Post-Increment Addressing modes for DMA
RAM addresses (source or destination). Each channel
can select the DMA RAM Addressing mode indepen-
dently. The Peripheral SFR is always accessed using
Register Indirect Addressing.

If the AMODE<1:0> bits (DMAXCON<5:4>) are set to
‘01, Register  Indirect  Addressing  without
Post-Increment is used, which implies that the DMA
RAM address remains constant.

Note: In devices marked “PS”, Register Indirect
Addressing without Post-Increment is
used if the AMODE bits (DMAXCON<5:4>)
are set.

If the AMODE<1:0> bits are clear, DMA RAM is
accessed using Register Indirect Addressing with
Post-Increment, which means the DMA RAM address
will be incremented after every access.

Note: In devices marked “PS”, Register Indirect
Addressing with Post-Increment is used if
the AMODE bits (DMAXCON<5:4>) are
clear.

Any DMA channel can be configured to operate in
Peripheral Indirect Addressing mode by setting the
AMODE<1:0> bits to ‘10’. In this mode, the DMA RAM
source or destination address is partially derived from
the peripheral as well as the DMA Address registers.
Each peripheral module has a pre-assigned peripheral
indirect address which is logically ORed with the DMA
Start Address register to obtain the effective DMA RAM
address. The DMA RAM Start Address register value
must be aligned to a power-of-two boundary.

Note 1: Peripheral Indirect Addressing is not
supported in devices marked “PS”.

2: Only the ECAN and ADC modules can
utilize Peripheral Indirect Addressing.

7.2.3 DMA TRANSFER DIRECTION

Each DMA channel can be configured to transfer data
from a peripheral to DMA RAM, or from DMA RAM to a
peripheral.

If the DIR bit (DMAXCON<13>) is clear, the reads
occur from a peripheral SFR (using the DMA Periph-
eral Address register, DMAXPAD) and the writes are
directed to the DMA RAM (using the DMA RAM
Address register).

If the DIR bit (DMAXCON<13>) is set, the reads occur
from the DMA RAM (using the DMA RAM Address
register) and the writes are directed to the peripheral
(using the DMA Peripheral Address register,
DMAXPAD).

7.2.4 NULL DATA PERIPHERAL WRITE
MODE

If the NULLW bit (DMAXCON<11>) is set, a null data
write to the peripheral SFR is performed in addition to
a data transfer from the peripheral SFR to DMA RAM
(assuming the DIR bit is clear). This mode is most use-
ful in applications in which sequential reception of data
is required without any data transmission.

Note:  The Null Data Peripheral Write mode is not

supported in devices marked “PS”.
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7.2.5 CONTINUOUS OR ONE-SHOT
OPERATION

Each DMA channel can be configured for One-Shot or
Continuous mode operation.

If MODE<O> (DMAXCON<O0>) is clear, the channel
operates in Continuous mode.

Note: The MODE<0> bit is DMAXCON<8> in
devices marked “PS”".

When all data has been moved (i.e., buffer end has
been detected), the channel is automatically reconfig-
ured for subsequent use. During the last data transfer,
the next Effective Address generated will be the origi-
nal start address (from the selected DMAXSTA or
DMAXSTB register). If the HALF bit (DMAXCON<12>)
is clear, the transfer complete interrupt flag (DMAXIF)
is set. If the HALF bit is set, DMAXIF will not be set at
this time and the channel will remain enabled.

If MODE<O0> is set, the channel operates in One-Shot
mode. When all data has been moved (i.e., buffer end
has been detected), the channel is automatically dis-
abled. During the last data transfer, no new Effective
Address is generated and the DMA RAM Address
register retains the last DMA RAM address that was
accessed. If the HALF bit is clear, the DMAXIF bit is
set. If the HALF bit is set, the DMAXIF will not be set at
this time and the channel is automatically disabled.

7.2.6 PING-PONG MODE

When the MODE<1> bit (DMAXCON<1>) is set by the
user, Ping-Pong mode is enabled.

Note: The MODE<1> bit is DMAXCON<9> in
devices marked “PS”".

In this mode, successive block transfers alternately
select DMAXSTA and DMAXSTB as the DMA RAM
start address. In this way, a single DMA channel can
be used to support two buffers of the same length in
DMA RAM. Using this technique maximizes data
throughput by allowing the CPU time to process one
buffer while the other is being loaded.

7.2.7 MANUAL TRANSFER MODE

A manual DMA request can be created by setting the
FORCE bit (DMAXREQ<15>) in software. If already
enabled, the corresponding DMA channel executes a
single data element transfer rather than a block transfer.

Note: The FORCE bit is DMAXCON<7> in
devices marked “PS”".

The FORCE bit is cleared by hardware when the
forced DMA transfer is complete and cannot be
cleared by the user. Any attempt to set this bit prior to
completion of a DMA request that is underway will
have no effect.

The manual DMA transfer function is a one-time event.
The DMA channel always reverts to normal operation
(i.e., based on hardware DMA requests) after a forced
(manual) transfer.

This mode provides the user a straightforward method
of initiating a block transfer. For example, using
Manual mode to transfer the first data element into a
serial peripheral allows subsequent data within the
buffer to be moved automatically by the DMAC using a
‘transmit buffer empty’ DMA request.

7.2.8 DMA REQUEST SOURCE
SELECTION

Each DMA channel can select between one of 128
interrupt sources to be a DMA request for that chan-
nel, based on the contents of the IRQSEL<6:0> bits
(DMAXREQ<6:0>). The available interrupt sources are
device dependent. Please refer to Table 7-1 for IRQ
numbers associated with each of the interrupt sources
that can generate a DMA transfer.

Note: The IRQSEL<6:0> bits are
DMAXCON<6:0> in devices marked “PS”.

7.3 DMA Interrupts and Traps

Each DMA channel can generate an independent
‘block transfer complete’ (HALF = 0) or ‘half block
transfer complete’ (HALF = 1) interrupt. Every DMA
channel has its own interrupt vector and therefore,
does not use the interrupt vector of the peripheral to
which it is assigned. If a peripheral contains multi-word
buffers, the buffering function must be disabled in the
peripheral in order to use DMA. DMA interrupt
requests are only generated by data transfers and not
by peripheral error conditions.

The DMA controller can also react to peripheral and
DMA RAM write collision error conditions through a
nonmaskable CPU trap event. A DMA error trap is
generated in either of the following Fault conditions:

« DMA RAM data write collision between the CPU
and a peripheral

- This condition occurs when the CPU and a
peripheral attempt to write to the same DMA
RAM address simultaneously

» Peripheral SFR data write collision between the
CPU and the DMA controller

- This condition occurs when the CPU and the
DMA controller attempt to write to the same
peripheral SFR simultaneously

The channel DMA RAM and peripheral write collision
Faults are combined into a single DMAC error trap
(Level 10) and are nonmaskable. Each channel has
DMA RAM Write Collision (XWCOLXx) and Peripheral
Write Collision (PWCOLX) status bits in the DMAC
Status register (DMACS) to allow the DMAC error trap
handler to determine the source of the Fault condition.
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7.4 DMA Initialization Example

The following is a DMA initialization example:

EXAMPLE 7-1: DMA SAMPLE INITIALIZATION METHOD

// Clear all DMA controller status bits to a known state

DMACSO = 07

// Set up DMA Channel 0: Word mode, Read from Peripheral & Write to DMA; Interrupt when all the
data has been moved; Indirect with post-increment; Continuous mode with Ping-Pong Disabled

DMAOCON = 0x0000;
//Automatic DMA transfer initiation by DMA request; DMA Peripheral IRQ Number set up for ADC1
DMAOREQ = 0x000D;

// Set up offset into DMA RAM so that the buffer that collects ADC result data starts at the base
of DMA RAM

DMAOSTA = 0x0000;
// DMAOPAD should be loaded with the address of the ADC conversion result register

DMAOPAD = (volatile unsigned int) &ADC1BUFO;
// DMA transfer of 256 words of data
DMAOCNT = 0x0100 ;
//Clear the DMAO Interrupt Flag
IFSObits.DMAOIF = 0;
//Enable DMAO Interrupts
IECObits.DMAOIE = 1;
//Enable the DMAO Channel
DMAOCONbits.CHEN = 1;
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REGISTER 7-1: DMAXCON: DMA CHANNEL x CONTROL REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 uU-0 u-0 u-0
CHEN SIZE DIR HALF NULLW — — —
bit 15 bit 8
uU-0 u-0 R/W-0 R/W-0 uU-0 uU-0 R/W-0 R/W-0
— — AMODE<1:0> — — MODE<1:0>
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

X = Bit is unknown

bit 15

bit 14

bit 13

bit 12

bit 11

bit 10-6

bit 5-4

bit 3-2
bit 1-0

CHEN: Channel Enable bit

1 = Channel enabled
0 = Channel disabled

SIZE: Data Transfer Size bit
1 = Byte
0 = Word

DIR: Transfer Direction bit (source/destination bus select)

1 = Read from DMA RAM address, write to peripheral address
0 = Read from peripheral address, write to DMA RAM address

HALF: Early Block Transfer Complete Interrupt Select bit

1 = Initiate block transfer complete interrupt when half of the data has been moved
0 = Initiate block transfer complete interrupt when all of the data has been moved

NULLW: Null Data Peripheral Write Mode Select bit

1 = Null data write to peripheral in addition to DMA RAM write (DIR bit must also be clear)

0 = Normal operation
Unimplemented: Read as ‘0’

AMODE<1:0>: DMA Channel Operating Mode Select bits

11 = Reserved (will act as Peripheral Indirect Addressing mode)

10 = Peripheral Indirect Addressing mode
01 = Register Indirect without Post-Increment mode
00 = Register Indirect with Post-Increment mode

Unimplemented: Read as ‘0’
MODE<1:0>: DMA Channel Operating Mode Select bits

11 = One-Shot, Ping-Pong modes enabled (one block transfer from/to each DMA RAM buffer)

10 = Continuous, Ping-Pong modes enabled
01 = One-Shot, Ping-Pong modes disabled
00 = Continuous, Ping-Pong modes disabled
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REGISTER 7-2: DMAXCON: DMA CHANNEL x CONTROL REGISTER (DEVICES MARKED “PS")

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 U-0 U-0
CHEN SIZE DIR HALF AMODE — ‘ MODE<1:0>

bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

FORCE® | IRQSEL6® | IRQSEL5® | IRQSEL4® | IRQSEL3® | IRQSEL2® | IRQSEL1® | IRQSELO?

bit 7 bit O

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 CHEN: Channel Enable bit

1 = Channel enabled
0 = Channel disabled

bit 14 SIZE: Data Transfer Size bit
1 = Byte
0 = Word
bit 13 DIR: Transfer Direction bit (source/destination bus select)

1 = Read from DMA RAM address, write to peripheral address
0 = Read from peripheral address, write to DMA RAM address

bit 12 HALF: Early Block Transfer Complete Interrupt Select bit
1 = Initiate block transfer complete interrupt when half of the data has been moved
0 = Initiate block transfer complete interrupt when all of the data has been moved
bit 11 AMODE: DMA RAM Addressing Mode Select bit
1 = Register Indirect without Post-Increment mode
0 = Register Indirect with Post-Increment mode
bit 10 Unimplemented: Read as ‘0’
bit 9-8 MODE<1:0>: DMA Channel Operating Mode Select bits
11 = One-Shot, Ping-Pong modes enabled (one block transfer from/to each DMA RAM buffer)
10 = Continuous, Ping-Pong modes enabled
01 = One-Shot, Ping-Pong modes disabled
00 = Continuous, Ping-Pong modes disabled
bit 7 FORCE: Force DMA Transfer bit®
1 = Force a single DMA transfer (Manual mode)
0 = Automatic DMA transfer initiation by DMA request
bit 6-0 IRQSEL<6:0>: DMA Peripheral IRQ Number Select bits(®
0000000-1111111 = DMAIRQO-DMAIRQ127 selected to be Channel DMAREQ

Note 1: The FORCE bit cannot be cleared by the user. The FORCE bit is cleared by hardware when the forced
DMA transfer is complete.

2. Please see Table 6-1 for a complete listing of IRQ numbers for all interrupt sources.
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REGISTER 7-3: DMAXREQ: DMA CHANNEL x IRQ SELECT REGISTER(
RIW-0 U-0 u-0 u-0 u-0 u-0 U-0 U-0
FORCE® — | =1 = — — — —
bit 15 bit 8
u-0 RIW-0 RIW-0 RIW-0 u-0 u-0 R/IW-0 R/IW-0
— | IRQSEL6® | IRQSELS® | IRQSEL4® | IRQSEL3® | IRQSEL2® | IRQSEL1® | IRQSELO®)
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared

X = Bit is unknown

bit 15 FORCE: Force DMA Transfer bit®
1 = Force a single DMA transfer (Manual mode)
0 = Automatic DMA transfer initiation by DMA request
bit 14-7 Unimplemented: Read as ‘0’
bit 6-0 IRQSEL<6:0>: DMA Peripheral IRQ Number Select bits®)
0000000-1111111 = DMAIRQO-DMAIRQ127 selected to be Channel DMAREQ
Note 1. This register is not present in devices marked “PS”.

2. The FORCE bit cannot be cleared by the user. The FORCE bit is cleared by hardware when the forced
DMA transfer is complete.

3: Please see Table 6-1 for a complete listing of IRQ numbers for all interrupt sources.
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REGISTER 7-4: DMAXSTA: DMA CHANNEL x RAM START ADDRESS REGISTER A()

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
STA<15:8>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
STA<7:.0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 15-0 STA<15:0>: Primary DMA RAM Start Address bits (source or destination)

Note 1. Aread of this address register will return the current contents of the DMA RAM Address register, not the
contents written to STA<15:0>. If the channel is enabled (i.e., active), writes to this register may result in
unpredictable behavior of the DMA channel and should be avoided.

REGISTER 7-5: DMAXSTB: DMA CHANNEL x RAM START ADDRESS REGISTER B

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
STB<15:8>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
STB<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 15-0 STB<15:0>: Secondary DMA RAM Start Address bits (source or destination)

Note 1. Aread of this address register will return the current contents of the DMA RAM Address register, not the
contents written to STB<15:0>. If the channel is enabled (i.e., active), writes to this register may result in
unpredictable behavior of the DMA channel and should be avoided.
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REGISTER 7-6: DMAXPAD: DMA CHANNEL x PERIPHERAL ADDRESS REGISTER®

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PAD<15:8>
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PAD<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 15-0 PAD<15:0>: Peripheral Address Register bits

Note 1. Ifthe channel is enabled (i.e., active), writes to this register may result in unpredictable behavior of the
DMA channel and should be avoided.

REGISTER 7-7: DMAXCNT: DMA CHANNEL x TRANSFER COUNT REGISTER®

uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 R/W-0
— — — — — — — CNT<9:8>(?)
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CNT<7:0>
bit 7 bit 0
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 15-10 Unimplemented: Read as ‘0’
bit 9-0 CNT<9:0>: DMA Transfer Count Register bits(®)

Note 1: If the channel is enabled (i.e., active), writes to this register may result in unpredictable behavior of the
DMA channel and should be avoided.
2:  Number of DMA transfers = CNT<9:0> + 1. In devices marked “PS”, number of DMA
transfers = CNT<9:8>.
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REGISTER 7-8: DMACSO0: DMA CONTROLLER STATUS REGISTER 0

R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0
PWCOL7 PWCOL6 PWCOL5 PWCOL4 PWCOL3 PWCOL2 PWCOL1 PWCOLO
bit 15 bit 8
R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0
XWCOL7 XWCOL6 XWCOL5 XWCOL4 XWCOL3 XWCOL2 XWCOL1 XWCOLO
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 PWCOL7: Channel 7 Peripheral Write Collision Flag bit

1 = Write collision detected
0 = No write collision detected

bit 14 PWCOLG6: Channel 6 Peripheral Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected

bit 13 PWCOLD5: Channel 5 Peripheral Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected

bit 12 PWCOL4: Channel 4 Peripheral Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected

bit 11 PWCOLS3: Channel 3 Peripheral Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected

bit 10 PWCOL2: Channel 2 Peripheral Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected

bit 9 PWCOL1: Channel 1 Peripheral Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected

bit 8 PWCOLO: Channel 0 Peripheral Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected

bit 7 XWCOL7: Channel 7 DMA RAM Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected

bit 6 XWCOLG6: Channel 6 DMA RAM Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected

bit 5 XWCOLS5: Channel 5 DMA RAM Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected

bit 4 XWCOLA4: Channel 4 DMA RAM Write Collision Flag bit

1 = Write collision detected
0 = No write collision detected
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REGISTER 7-8: DMACSO0: DMA CONTROLLER STATUS REGISTER 0 (CONTINUED)

bit 3 XWCOL3: Channel 3 DMA RAM Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected

bit 2 XWCOLZ2: Channel 2 DMA RAM Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected

bit 1 XWCOL1: Channel 1 DMA RAM Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected

bit 0 XWCOLO: Channel 0 DMA RAM Write Collision Flag bit

1 = Write collision detected
0 = No write collision detected
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REGISTER 7-9: DMACS1: DMA CONTROLLER STATUS REGISTER 1

U-0 U-0 u-0 U-0 R-1 R-1 R-1 R-1
— — — — LSTCH<3:0>
bit 15 bit 8
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
PPST7 PPST6 PPST5 PPST4 PPST3 PPST2 PPST1 PPSTO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 15-12 Unimplemented: Read as ‘0’
bit 11-8 LSTCH<3:0>: Last DMA Channel Active bits

1111 = No DMA transfer has occurred since system Reset
1110-1000 = Reserved
0111 = Last data transfer was by DMA Channel 7
0110 = Last data transfer was by DMA Channel 6
0101 = Last data transfer was by DMA Channel 5
0100 = Last data transfer was by DMA Channel 4
0011 = Last data transfer was by DMA Channel 3
0010 = Last data transfer was by DMA Channel 2
0001 = Last data transfer was by DMA Channel 1
0000 = Last data transfer was by DMA Channel 0

bit 7 PPST7: Channel 7 Ping-Pong Mode Status Flag bit
1 = DMA7STB register selected
0 = DMA7STA register selected

bit 6 PPST6: Channel 6 Ping-Pong Mode Status Flag bit
1 = DMA7STB register selected
0 = DMA7STA register selected

bit 5 PPST5: Channel 5 Ping-Pong Mode Status Flag bit
1 = DMA7STB register selected
0 = DMA7STA register selected

bit 4 PPST4: Channel 4 Ping-Pong Mode Status Flag bit
1 = DMA7STB register selected
0 = DMA7STA register selected

bit 3 PPST3: Channel 3 Ping-Pong Mode Status Flag bit
1 = DMA7STB register selected
0 = DMAT7STA register selected

bit 2 PPST2: Channel 2 Ping-Pong Mode Status Flag bit
1 = DMA7STB register selected
0 = DMA7STA register selected

bit 1 PPST1: Channel 1 Ping-Pong Mode Status Flag bit
1 = DMA7STB register selected
0 = DMA7STA register selected

bit O PPSTO: Channel 0 Ping-Pong Mode Status Flag bit

1 = DMA7STB register selected
0 = DMAT7STA register selected
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REGISTER 7-10:

DMACSO0: DMA CONTROLLER STATUS REGISTER 0 (DEVICES MARKED “PS")

U-0 U-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0
— — PWCOL5 PWCOL4 PWCOL3 PWCOL2 | PWCOL1 PWCOLO
bit 15 bit 8
u-0 U-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0 R/C-0
— — XWCOL5 XWCOL4 XWCOL3 XWCOL2 XWCOL1 XWCOLO
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 15-14 Unimplemented: Read as ‘0’
bit 13 PWCOLD5: Channel 5 Peripheral Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected
bit 12 PWCOL4: Channel 4 Peripheral Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected
bit 11 PWCOLS3: Channel 3 Peripheral Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected
bit 10 PWCOL2: Channel 2 Peripheral Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected
bit 9 PWCOL1: Channel 1 Peripheral Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected
bit 8 PWCOLO: Channel 0 Peripheral Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected
bit 7-6 Unimplemented: Read as ‘0’
bit 5 XWCOLS5: Channel 5 DMA RAM Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected
bit 4 XWCOL4: Channel 4 DMA RAM Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected
bit 3 XWCOL3: Channel 3 DMA RAM Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected
bit 2 XWCOLZ2: Channel 2 DMA RAM Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected
bit 1 XWCOL1: Channel 1 DMA RAM Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected
bit O XWCOLO: Channel 0 DMA RAM Write Collision Flag bit
1 = Write collision detected
0 = No write collision detected
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REGISTER 7-11: DSADR

: MOST RECENT DMA RAM ADDRESS®

R = Readable bit

W = Writable bit
-n = Value at POR ‘1’ = Bit is set

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

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
DSADR<15:8>
bit 15 bit 8
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
DSADR<7:0>
bit 7 bit 0
Legend:

X = Bit is unknown

bit 15-0 DSADR<15:0>: Most Recent DMA RAM Address Accessed by DMA Controller bits

Note 1. This register is not present in devices marked “PS”.
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NOTES:
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8.0

OSCILLATOR

CONFIGURATION

e The internal FRC oscillator can also be used with
the PLL, thereby allowing full-speed operation
without any external clock generation hardware

Note:

This data sheet summarizes the features .
of this group of dsPIC33F devices. It is not .
intended to be a comprehensive reference
source. To complement the information in .
this data sheet, refer to the “dsPIC30F
Family Reference Manual” (DS70046).

savings

The dsPIC33F oscillator system provides: .
« Various external and internal oscillator options as

clock sources

« An on-chip PLL to scale the internal operating

selection.

Clock switching between various clock sources
Programmable clock postscaler for system power

A Fail-Safe Clock Monitor (FSCM) that detects
clock failure and takes fail-safe measures

» A Clock Control register (OSCCON)
Nonvolatile Configuration bits for main oscillator

A simplified diagram of the oscillator system is shown

frequency to the required system clock frequency

FIGURE 8-1:

dsPIC33F OSCILLATOR SYSTEM DIAGRAM

in Figure 8-1.
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8.1 CPU Clocking System

There are seven system clock options provided by the
dsPIC33F:

* FRC Oscillator

* FRC Oscillator with PLL

e Primary (XT, HS or EC) Oscillator
e Primary Oscillator with PLL

« Secondary (LP) Oscillator

e LPRC Oscillator

* FRC Oscillator with postscaler

8.1.1 SYSTEM CLOCK SOURCES

The FRC (Fast RC) internal oscillator runs at a nominal
frequency of 7.37 MHz. The user software can tune the
FRC frequency. User software can optionally specify a
factor (ranging from 1:2 to 1:256) by which the FRC
clock frequency is divided. This factor is selected using
the FRCDIV<2:0> (CLKDIV<10:8>) bits.

The primary oscillator can use one of the following as
its clock source:

1. XT (Crystal): Crystals and ceramic resonators in
the range of 3 MHz to 10 MHz. The crystal is
connected to the OSC1 and OSC2 pins.

2. HS (High-Speed Crystal): Crystals in the range
of 10 MHz to 40 MHz. The crystal is connected
to the OSC1 and OSC2 pins.

3. EC (External Clock): External clock signal in the
range of 0.8 MHz to 64 MHz. The external clock
signal is directly applied to the OSC1 pin.

The secondary (LP) oscillator is designed for low power
and uses a 32.768 kHz crystal or ceramic resonator.
The LP oscillator uses the SOSCI and SOSCO pins.

The LPRC (Low-Power RC) internal osclllator runs at a
nominal frequency of 32.768 kHz. It is also used as a
reference clock by the Watchdog Timer (WDT) and
Fail-Safe Clock Monitor (FSCM).

The clock signals generated by the FRC and primary
oscillators can be optionally applied to an on-chip
Phase Locked Loop (PLL) to provide a wide range of
output frequencies for device operation. PLL
configuration is described in Section 8.1.3 “PLL
Configuration”.

8.1.2 SYSTEM CLOCK SELECTION

The oscillator source that is used at a device Power-on
Reset event is selected using Configuration bit settings.
The oscillator Configuration bit settings are located in the
Configuration registers in the program memory. (Refer to
Section 20.1 “Configuration Bits” for further details.)
The Initial Oscillator Selection Configuration bits,
FNOSC<2:0> (FOSCSEL<2:0>), and the Primary Oscil-
lator Mode Select Configuration bits, POSCMD<1:0>

(FOSC<1:0>), select the oscillator source that is used at
a Power-on Reset. The FRC primary oscillator is the
default (unprogrammed) selection.

The Configuration bits allow users to choose between
twelve different clock modes, shown in Table 8-1.

The output of the oscillator (or the output of the PLL if
a PLL mode has been selected) Fosc is divided by 2 to
generate the device instruction clock (Fcy). Fcy
defines the operating speed of the device, and speeds
up to 40 MHz are supported by the dsPIC33F
architecture.

Instruction execution speed or device operating
frequency, Fcy, is given by:

EQUATION 8-1: DEVICE OPERATING
FREQUENCY

Fcy = Fosc/2

8.1.3 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 a significant amount of
flexibility in selecting the device operating speed. A
block diagram of the PLL is shown in Figure 8-2.

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 to be in the range of 0.8 MHz to 8 MHz.
Since the minimum prescale factor is 2, this implies that
FIN must be chosen to be in the range of 1.6 MHz to 16
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.

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

EQUATION 8-2:

M
_— *
Fosc = FiN (—Nl*NZ)

Fosc CALCULATION
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For example, suppose a 10 MHz crystal is being used, EQUATION 8-3: XT WITH PLL MODE
with “XT with PLL"” being the selected oscillator mode. EXAMPLE

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 0.8-8 MHz. If PLLDIV<8:0> = OX1E, then Foy = Fosc_1 (10000000*32 — A0MIPS
M = 32. This yields a VCO output of 5 x 32 = 160 MHz, 2 2 2+2

which is within the 100-200 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.

FIGURE 8-2: dsPIC33F PLL BLOCK DIAGRAM
0.8-8.0 MHz 100-200 MHz 12.5-80 MHz
Here Here Here

%?L.’;,‘ggrgg{ysg?)" External Clock__["p | pre X VCO PLLPOST ——Y = Fosc
PLLDIV
1.6-16.0 MHz ~
Here Divide by Divide b
2-33 2, 4, g
Divide by
2-513

Note 1: Divide by 1, 2, 4 in devices marked “PS".

TABLE 8-1: CONFIGURATION BIT VALUES FOR CLOCK SELECTION

Oscillator Mode Oscillator Source POSCMD<1:0> FNOSC<2:0> Note
Fast RC Oscillator (FRC) Internal 11 111 1,2
Reserved Internal 11 110 1
Low-Power RC Oscillator (LPRC) Internal 11 101 1
Secondary (Timerl) Oscillator (SOSC) Secondary 11 100 1
Primary Oscillator (HS) with PLL Primary 10 011
(HSPLL)
Primary Oscillator (XT) with PLL Primary 01 011
(XTPLL)
Primary Oscillator (EC) with PLL Primary 00 011 1
(ECPLL)
Primary Oscillator (HS) Primary 10 010
Primary Oscillator (XT) Primary 01 010
Primary Oscillator (EC) Primary 00 010
Fast RC Oscillator with PLL (FRCPLL) Internal 11 001
Reserved Internal 11 000

Note 1: OSC2 pin function is determined by the OSCIOFNC Configuration bit.
2:  This is the default oscillator mode for an unprogrammed (erased) device.
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REGISTER 8-1: OSCCON: OSCILLATOR CONTROL REGISTER

uU-0 R-0 R-0 R-0 uU-0 R/W-y R/W-y R/W-y
— COSC<2:0> — NOSC<2:0>
bit 15 bit 8
R/W-0 uU-0 R-0 uU-0 R/C-0 U-0 R/W-0 R/W-0
CLKLOCK — LOCK — CF — LPOSCEN OSWEN
bit 7 bit 0
Legend: y = Value set from Configuration bits on POR
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 15 Unimplemented: Read as ‘0’
bit 14-12 COSC<2:0>: Current Oscillator Selection bits (read-only)

000 = Fast RC oscillator (FRC)

001 = Fast RC oscillator (FRC) with PLL

010 = Primary oscillator (XT, HS, EC)

011 = Primary oscillator (XT, HS, EC) with PLL
100 = Secondary oscillator (SOSC)

101 = Low-Power RC oscillator (LPRC)

110 = Reserved

111 = Fast RC oscillator (FRC)

bit 11 Unimplemented: Read as ‘0’

bit 10-8 NOSC<2:0>: New Oscillator Selection bits
000 = Reserved
001 = Fast RC oscillator (FRC) with PLL
010 = Primary oscillator (XT, HS, EC)
011 = Primary oscillator (XT, HS, EC) with PLL
100 = Secondary oscillator (SOSC)
101 = Low-Power RC oscillator (LPRC)
110 = Reserved
111 = Fast RC oscillator (FRC)
bit 7 CLKLOCK: Clock Lock Enable bit

1 = If (FCKSML1 = 1), then clock and PLL configurations are locked.
If (FCKSM1 = 0), then clock and PLL configurations may be modified.
0 = Clock and PLL selections are not locked, configurations may be modified
bit 6 Unimplemented: Read as ‘0’
bit 5 LOCK: PLL Lock Status hit (read-only)

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

bit 4 Unimplemented: Read as ‘0’
bit 3 CF: Clock Fail Detect bit (read/clear by application)

1 = FSCM has detected clock failure
0 = FSCM has not detected clock failure

bit 2 Unimplemented: Read as ‘0’

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> hits
0 = Oscillator switch is complete
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REGISTER 8-2: CLKDIV: CLOCK DIVISOR REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-0 R/W-0
ROI DOZE<2:0>() DOZEN®) FRCDIV<2:0>
bit 15 bit 8
R/W-0 R/W-1 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PLLPOST<1:0>? — PLLPRE<4:0>
bit 7 bit 0
Legend: y = Value set from Configuration bits on POR
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 15 ROI: Recover on Interrupt bit
1 = Interrupts will clear the DOZEN bit and the processor clock/peripheral clock ratio is set to 1:1
0 = Interrupts have no effect on the DOZEN bit
bit 14-12 DOZE<2:0>: Processor Clock Reduction Select bits®®)
000 = FcY/1 (default)
001 =Fcy/2
010 = Fcy/4
011 =FcY/8
100 = FcY/16
101 = Fcy/32
110 = Fcy/64
111 = Fcy/128
bit 11 DOZEN: DOZE Mode Enable bit™®
1 = DOZE<2:0> field specifies the ratio between the peripheral clocks and the processor clocks
0 = Processor clock/peripheral clock ratio forced to 1:1
bit 10-8 FRCDIV<2:0>: Internal Fast RC Oscillator Postscaler bits
000 = FRC divide by 2
001 = FRC divide by 4
010 = FRC divide by 8
011 = FRC divide by 16 (default)
100 = FRC divide by 32
101 = FRC divide by 64
110 = FRC divide by 128
111 = FRC divide by 256
bit 7-6 PLLPOST<1:0>: PLL VCO Output Divider Select bits (also denoted as ‘N2’, PLL postscaler)@
00 = Output/2 (output/1 in devices marked “PS”")
01 = Output/4 (output/2 in devices marked “PS”)
10 = Reserved (defaults to output/4)
11 = Output/8 (output/4 in devices marked “PS”)
bit 5 Unimplemented: Read as ‘0’
bit 4-0 PLLPRE<4:0>: PLL Phase Detector Input Divider bits (also denoted as ‘N1’, PLL prescaler)
00000 = Input/2
00001 = Input/3
11111 = Input/33
Note 1. This bit is cleared when the ROI bit is set and an interrupt occurs.
2: In devices marked “PS”, the Reset state of the PLLPOST<1:0> bits is ‘00’.
3: In devices marked “PS”, the available clock reduction ratios are 1:1, 1:2, 1:3, 1:4, 1:5, 1:6, 1:7 and 1:8.
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REGISTER 8-3: PLLFBD: PLL FEEDBACK DIVISOR REGISTER
U-0 U-0 u-0 u-0 u-0 u-0 u-0 R/W-0)
— = — = — — = PLLDIV<8>
bit 15 bit 8
R/W-01) R/W-01) R/W-1(1) R/W-11) R/W-0) R/wW-0) R/W-01) R/W-01)
PLLDIV<7:0>
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

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

X = Bit is unknown

bit 15-9
bit 8-0

Unimplemented: Read as ‘0’

PLLDIV<8:0>: PLL Feedback Divisor hits (also denoted as ‘M’, PLL multiplier)
000000000 =2
000000001 =3
000000010=4

111111111 =513

Note 1: In devices marked “PS”, the Reset state of the PLLFBD register is 0x0000.

DS70165B-page 182 Advance Information © 2006 Microchip Technology Inc.



dsPIC33F

REGISTER 8-4: OSCTUN: FRC OSCILLATOR TUNING REGISTER

uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 U-0
bit 15 bit 8
uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — TUNS TUN4 TUN3 TUN2 TUN1 TUNO
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 15-6 Unimplemented: Read as ‘0’
bit 5-0 TUN<5:0>: FRC Oscillator Tuning bits
011111 = Maximum frequency deviation
000110 =
000001 =
000000 = Center frequency (7.37 kHz nominal)
111111 =
100001 =

100000 = Minimum frequency deviation
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8.2 Clock Switching Operation

Applications are free to switch between any of the four
clock sources (Primary, LP, FRC and LPRC) under
software control at any time. To limit the possible side
effects that could result from this flexibility, dsPIC33F
devices have a safeguard lock built into the switch
process.

Note: Primary Oscillator mode has three different
submodes (XT, HS and EC) which are
determined by the POSCMD<1:0> Config-
uration bits. While an application can
switch to and from Primary Oscillator
mode in software, it cannot switch
between the different primary submodes
without reprogramming the device.

8.2.1 ENABLING CLOCK SWITCHING

To enable clock switching, the FCKSM1 Configuration
bit in the Configuration register must be programmed to
‘0’. (Refer to Section 24.1 “Configuration Bits” for
further details.) If the FCKSM1 Configuration bit is
unprogrammed (‘1"), the clock switching function and
Fail-Safe Clock Monitor function are disabled. This is
the default setting.

The NOSC control bits (OSCCON<10:8>) do not
control the clock selection when clock switching is
disabled. However, the COSC bits (OSCCON<14:12>)
reflect the clock source selected by the FNOSC
Configuration bits.

The OSWEN control bit (OSCCON<0>) has no effect
when clock switching is disabled. It is held at ‘0’ at all
times.

8.2.2 OSCILLATOR SWITCHING
SEQUENCE

At a minimum, performing a clock switch requires this
basic sequence:

1. If desired, read the CoscC bits
(OSCCON<14:12>) to determine the current
oscillator source.

2. Perform the unlock sequence to allow a write to
the OSCCON register high byte.

3. Write the appropriate value to the NOSC control
bits (OSCCON<10:8>) for the new oscillator
source.

4. Perform the unlock sequence to allow a write to
the OSCCON register low byte.

5. Set the OSWEN bit to initiate the oscillator
switch.

Once the basic sequence is completed, the system
clock hardware responds automatically as follows:

1. The clock switching hardware compares the
COSC status bits with the new value of the
NOSC control bits. If they are the same, then the
clock switch is a redundant operation. In this
case, the OSWEN bit is cleared automatically
and the clock switch is aborted.

2. If a valid clock switch has been initiated, the
LOCK (OSCCON<5>) and the CF
(OSCCON<3>) status bits are cleared.

3. The new oscillator is turned on by the hardware
if it is not currently running. If a crystal oscillator
must be turned on, the hardware waits until the
Oscillator Start-up Timer (OST) expires. If the
new source is using the PLL, the hardware waits
until a PLL lock is detected (LOCK = 1).

4. The hardware waits for 10 clock cycles from the
new clock source and then performs the clock
switch.

5. The hardware clears the OSWEN bit to indicate a
successful clock transition. In addition, the NOSC
bit values are transferred to the COSC status bits.

6. The old clock source is turned off at this time,

with the exception of LPRC (if WDT or FSCM
are enabled) or LP (if LPOSCEN remains set).

Note 1: The processor continues to execute code
throughout the clock switching sequence.
Timing sensitive code should not be
executed during this time.

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.

8.3 Fail-Safe Clock Monitor (FSCM)

The Fail-Safe Clock Monitor (FSCM) allows the device
to continue to operate even in the event of an oscillator
failure. The FSCM function is enabled by programming.
If the FSCM function is enabled, the LPRC internal
oscillator runs at all times (except during Sleep mode)
and is not subject to control by the Watchdog Timer.

In the event of an oscillator failure, the FSCM
generates a clock failure trap event and switches the
system clock over to the FRC oscillator. Then the
application program can either attempt to restart the
oscillator or execute a controlled shutdown. The trap
can be treated as a warm Reset by simply loading the
Reset address into the oscillator fail trap vector.
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9.0 POWER-SAVING FEATURES

Note:  This data sheet summarizes the features
of this group of dsPIC33F devices. It is not
intended to be a comprehensive reference
source. To complement the information in
this data sheet, refer to the “dsPIC30F

Family Reference Manual” (DS70046).

The dsPIC33F devices provide the ability to manage
power consumption by selectively managing clocking
to the CPU and the peripherals. In general, a lower
clock frequency and a reduction in the number of cir-
cuits being clocked constitutes lower consumed power.
dsPIC33F devices can manage power consumption in
four different ways:

» Clock frequency

« Instruction-based Sleep and Idle modes
» Software-controlled Doze mode

« Selective peripheral control in software

Combinations of these methods can be used to selec-
tively tailor an application’s power consumption while
still maintaining critical application features, such as
timing-sensitive communications.

9.1 Clock Frequency and Clock
Switching

dsPIC33F devices allow a wide range of clock frequen-
cies to be selected under application control. If the
system clock configuration is not locked, users can
choose low-power or high-precision oscillators by
simply changing the NOSC bits (OSCCON<10:8>).
The process of changing a system clock during
operation, as well as limitations to the process, are
discussed in more detail in Section 8.0 “Oscillator
Configuration”.

9.2 Instruction-Based Power-Saving
Modes

dsPIC33F devices have two special power-saving
modes that are entered through the execution of a
special PWRSAV instruction. Sleep mode stops clock

operation and halts all code execution. Idle mode halts
the CPU and code execution, but allows peripheral
modules to continue operation. The assembly syntax of
the PWRSAV instruction is shown in Example 9-1.

Note: SLEEP_MODE and IDLE_MODE are
constants defined in the assembler
include file for the selected device.

Sleep and Idle modes can be exited as a result of an
enabled interrupt, WDT time-out or a device Reset. When
the device exits these modes, it is said to “wake-up”.

9.2.1 SLEEP MODE
Sleep mode has these features:

» The system clock source is shut down. If an
on-chip oscillator is used, it is turned off.

» The device current consumption is reduced to a
minimum, provided that no 1/O pin is sourcing
current.

« The Fail-Safe Clock Monitor does not operate
during Sleep mode since the system clock source
is disabled.

e The LPRC clock continues to run in Sleep mode if
the WDT is enabled.

e The WDT, if enabled, is automatically cleared
prior to entering Sleep mode.

« Some device features or peripherals may continue
to operate in Sleep mode. This includes items such
as the input change notification on the 1/0O ports, or
peripherals that use an external clock input. Any
peripheral that requires the system clock source for
its operation is disabled in Sleep mode.

The device will wake-up from Sleep mode on any of the
these events:

« Any interrupt source that is individually enabled.

« Any form of device Reset.

* A WDT time-out.

On wake-up from Sleep, the processor restarts with the

same clock source that was active when Sleep mode
was entered.

EXAMPLE 9-1: PWRSAV INSTRUCTION SYNTAX
PWRSAV #SLEEP_MODE ; Put the device into SLEEP mode
PWRSAV #IDLE MODE ; Put the device into IDLE mode
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9.2.2 IDLE MODE
Idle mode has these features:

» The CPU stops executing instructions.
e The WDT is automatically cleared.

« The system clock source remains active. By
default, all peripheral modules continue to operate
normally from the system clock source, but can
also be selectively disabled (see Section 9.4
“Peripheral Module Disable”).

* |f the WDT or FSCM is enabled, the LPRC also
remains active.

The device will wake from Idle mode on any of these
events:

< Any interrupt that is individually enabled.
* Any device Reset.
* A WDT time-out.

On wake-up from Idle, the clock is reapplied to the CPU
and instruction execution begins immediately, starting
with the instruction following the PWRSAV instruction, or
the first instruction in the ISR.

9.2.3 INTERRUPTS COINCIDENT WITH
POWER SAVE INSTRUCTIONS

Any interrupt that coincides with the execution of a
PWRSAV instruction is held off until entry into Sleep or
Idle mode has completed. The device then wakes up
from Sleep or Idle mode.

9.3 Doze Mode

Generally, changing clock speed and invoking one of the
power-saving modes are the preferred strategies for
reducing power consumption. There may be cir-
cumstances, however, where this is not practical. For
example, it may be necessary for an application to main-
tain uninterrupted synchronous communication, even
while it is doing nothing else. Reducing system clock
speed may introduce communication errors, while using
a power-saving mode may stop communications
completely.

Doze mode is a simple and effective alternative method
to reduce power consumption while the device is still
executing code. In this mode, the system clock contin-
ues to operate from the same source and at the same
speed. Peripheral modules continue to be clocked at
the same speed, while the CPU clock speed is
reduced. Synchronization between the two clock
domains is maintained, allowing the peripherals to
access the SFRs while the CPU executes code at a
slower rate.

Doze mode is enabled by setting the DOZEN bit
(CLKDIV<11>). The ratio between peripheral and core
clock speed is determined by the DOZE<2:0> bhits
(CLKDIV<14:12>). There are eight possible
configurations, from 1:1 to 1:128, with 1:1 being the
default.

Note: In devices marked “PS”, the possible
ratios are 1:1, 1:2, 1:3, 1:4, 1:5, 1:6, 1:7
and 1:8.

It is also possible to use Doze mode to selectively
reduce power consumption in event-driven applica-
tions. This allows clock-sensitive functions, such as
synchronous communications, to continue without
interruption while the CPU idles, waiting for something
to invoke an interrupt routine. Enabling the automatic
return to full-speed CPU operation on interrupts is
enabled by setting the ROI bit (CLKDIV<15>). By
default, interrupt events have no effect on Doze mode
operation.

For example, suppose the device is operating at
20 MIPS and the CAN module has been configured for
500 kbps based on this device operating speed. If the
device is now placed in Doze mode with a clock
frequency ratio of 1:4, the CAN module continues to
communicate at the required bit rate of 500 kbps, but
the CPU now starts executing instructions at a
frequency of 5 MIPS.

9.4 Peripheral Module Disable

The Peripheral Module Disable (PMD) registers
provide a method to disable a peripheral module by
stopping all clock sources supplied to that module.
When a peripheral is disabled via the appropriate PMD
control bit, the peripheral is in a minimum power
consumption state. The control and status registers
associated with the peripheral are also disabled, so
writes to those registers will have no effect and read
values will be invalid.

A peripheral module is only enabled if both the associ-
ated bit in the PMD register is cleared and the peripheral
is supported by the specific dsPIC® DSC variant. If the
peripheral is present in the device, it is enabled in the
PMD register by default.

Note: If a PMD bit is set, the corresponding mod-
ule is disabled after a delay of 1 instruction
cycle. Similarly, if a PMD bit is cleared, the
corresponding module is enabled after a
delay of 1 instruction cycle (assuming the
module control registers are already
configured to enable module operation).
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10.0

Note:

I/O PORTS

This data sheet summarizes the features
of this group of dsPIC33F devices. It is not
intended to be a comprehensive reference
source. To complement the information in
this data sheet, refer to the “dsPIC30F
Family Reference Manual” (DS70046).

All of the device pins (except VDD, Vss, MCLR and
OSC1/CLKIN) are shared between the peripherals and
the parallel /0 ports. All I/O input ports feature Schmitt
Trigger inputs for improved noise immunity.

10.1 Parallel I/O (PIO) Ports

A parallel I/O port that shares a pin with a peripheral is,
in general, subservient to the peripheral. The periph-
eral's output buffer data and control signals are
provided to a pair of multiplexers. The multiplexers
select whether the peripheral or the associated port
has ownership of the output data and control signals of
the 1/0 pin. The logic also prevents “loop through”, in
which a port’s digital output can drive the input of a
peripheral that shares the same pin. Figure 10-1 shows
how ports are shared with other peripherals and the
associated 1/0O pin to which they are connected.

FIGURE 10-1:

BLOCK DIAGRAM OF A TYPICAL SHARED PORT STRUCTURE

When a peripheral is enabled and actively driving an
associated pin, the use of the pin as a general purpose
output pin is disabled. The I/O pin may be read, but the
output driver for the parallel port bit will be disabled. If
a peripheral is enabled, but the peripheral is not
actively driving a pin, that pin may be driven by a port.

All port pins have three registers directly associated
with their operation as digital 1/0. The data direction
register (TRISx) determines whether the pin is an input
or an output. If the data direction bitis a ‘1’, then the pin
is an input. All port pins are defined as inputs after a
Reset. Reads from the latch (LATX), read the latch.
Writes to the latch, write the latch. Reads from the port
(PORTX), read the port pins, while writes to the port
pins, write the latch.

Any bit and its associated data and control registers
that are not valid for a particular device will be
disabled. That means the corresponding LATx and
TRISX registers and the port pins will read as zeros.

When a pin is shared with another peripheral or func-
tion that is defined as an input only, it is nevertheless
regarded as a dedicated port because there is no
other competing source of outputs. An example is the
INT4 pin.

Note:  The voltage on a digital input pin can be

between -0.3V to 5.6V.
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10.2 Open-Drain Configuration

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

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

10.3 Configuring Analog Port Pins

The use of the ADXxPCFGH, ADxPCFGL and TRIS
registers control the operation of the ADC port pins.
The port pins that are desired 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.

Clearing any bit in the ADXxPCFGH or ADxPCFGL reg-
ister configures the corresponding bit to be an analog
pin. This is also the Reset state of any I/O pin that has
an analog (ANXx) function associated with it.

Note: In devices with two ADC modules, if the
corresponding PCFG bit in either
AD1PCFGH(L) and AD2PCFGH(L) is
cleared, the pin is configured as an analog

input.

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

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

Note:  The voltage on an analog input pin can be

between -0.3V to (VDD + 0.3 V).

EXAMPLE 10-1:

PORT WRITE/READ EXAMPLE

10.4 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 a NOP.

10.5 Input Change Notification

The input change natification function of the 1/0O ports
allows the dsPIC33F devices to generate interrupt
requests to the processor in response to a
change-of-state on selected input pins. This feature is
capable of detecting input change-of-states even in
Sleep mode, when the clocks are disabled. Depending
on the device pin count, there are up to 24 external sig-
nals (CNO through CN23) that can be selected
(enabled) for generating an interrupt request on a
change-of-state.

There are four control registers associated with the CN
module. The CNEN1 and CNENZ2 registers contain the
CN interrupt enable (CNXxIE) 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 that is 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 weak pull-up
enable (CNxPUE) 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 whenever the
port pin is configured as a digital output.

MOV 0xFF00, WO ;
MOV WO, TRISBB ;
NOP ; Delay 1 cycle
btss PORTB, #13 ;

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

Next Instruction
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11.0 TIMER1

Note:  This data sheet summarizes the features
of this group of dsPIC33F devices. It is not
intended to be a comprehensive reference
source. To complement the information in
this data sheet, refer to the “dsPIC30F
Family Reference Manual” (DS70046).

The Timerl module is a 16-bit timer, which can serve
as the time counter for the real-time clock, or operate
as a free-running interval timer/counter. Timerl can
operate in three modes:

* 16-bit Timer

» 16-bit Synchronous Counter

» 16-bit Asynchronous Counter

Timerl also supports these features:
« Timer gate operation
» Selectable prescaler settings

< Timer operation during CPU Idle and Sleep
modes

« Interrupt on 16-bit Period register match or falling
edge of external gate signal

Figure 11-1 presents a block diagram of the 16-bit timer
module.

To configure Timerl for operation:

1. Setthe TON bit (= 1) in the TLCON register.

2. Select the timer prescaler ratio using the
TCKPS<1:0> bits in the TLCON register.

3. Setthe Clock and Gating modes using the TCS
and TGATE bits in the TLCON register.

4. Set or clear the TSYNC bit in TICON to select
synchronous or asynchronous operation.

5. Load the timer period value into the PR1
register.

6. Ifinterrupts are required, set the interrupt enable
bit, T1IE. Use the priority bits, T1IP<2:0>, to set
the interrupt priority.

FIGURE 11-1: 16-BIT TIMER1 MODULE BLOCK DIAGRAM
____________________ TCKPS<1:0>
| sosco/ Sy TN ?#
+ TICK
: Gate LD? Prescaler
. Sync 01 1, 8, 64, 256
. sosCl
: Tcy * 00
TGATE
TGfTE TCS
)
1 o
Set T1IF _
0 Q \CK
ﬁ
Reset
TMR1
v \71\ Sync
Comparator TSYNC
Equal
4
PR1
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REGISTER 11-1:

T1CON: TIMER1 CONTROL REGISTER

R = Readable bit
-n = Value at POR

R/W-0 U-0 R/W-0 U-0 U-0 U-0 U-0 U-0
TON — TSIDL — — — — —
bit 15 bit 8
U-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0 U-0
— TGATE TCKPS<1:0> — TSYNC TCS —
bit 7 bit 0
Legend:

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

bit 15

bit 14
bit 13

bit 12-7
bit 6

bit 5-4

bit 3
bit 2

bit 1

bit 0

TON: Timerl On bit

1 = Starts 16-bit Timerl

0 = Stops 16-bit Timerl

Unimplemented: Read as ‘0’

TSIDL: Stop in Idle Mode bit

1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
Unimplemented: Read as ‘0’

TGATE: Timerl Gated Time Accumulation Enable bit
When T1CS = 1:

This bit is ignored.

When T1CS = 0:

1 = Gated time accumulation enabled

0 = Gated time accumulation disabled

TCKPS<1:0> Timerl Input Clock Prescale Select bits

11 =1:256
10 =1:64
01 =18
00 =1:1

Unimplemented: Read as ‘0’

TSYNC: Timerl External Clock Input Synchronization Select bit
When TCS = 1:

1 = Synchronize external clock input

0 = Do not synchronize external clock input

When TCS = 0:

This bit is ignored.

TCS: Timerl Clock Source Select bit

1 = External clock from pin T1CK (on the rising edge)
0 = Internal clock (Fcy)

Unimplemented: Read as ‘0’
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12.0 TIMERZ2/3, TIMERA4/5, TIMERG6/7
AND TIMERS8/9

Note: This data sheet summarizes the features
of this group of dsPIC33F devices. It is not
intended to be a comprehensive reference
source. To complement the information in
this data sheet, refer to the “dsPIC30F

Family Reference Manual” (DS70046).

The Timer2/3, Timer4/5, Timer6/7 and Timer8/9
modules are 32-bit timers, which can also be config-
ured as four independent 16-bit timers with selectable
operating modes.

As a 32-bit timer, Timer2/3, Timer4/5, Timer6/7 and
Timer8/9 operate in three modes:

e Two Independent 16-bit Timers (e.g., Timer2 and
Timer3) with all 16-bit operating modes (except
Asynchronous Counter mode)

 Single 32-bit Timer
« Single 32-bit Synchronous Counter
They also support these features:

« Timer Gate Operation

« Selectable Prescaler Settings

« Timer Operation during Idle and Sleep modes
« Interrupt on a 32-bit Period Register Match

« Time Base for Input Capture and Output Compare
Modules (Timer2 and Timer3 only)

« ADC Event Trigger (Timer2/3 only)

Individually, all four of the 16-hit timers can function as
synchronous timers or counters. They also offer the
features listed above, except for the event trigger; this
is implemented only with Timer2/3. The operating
modes and enabled features are determined by setting
the appropriate bit(s) in the T2CON, T3CON, T4CON,
T5CON, T6CON, T7CON, T8BCON and T9CON regis-
ters. T2CON, T4CON, T6CON and T8CON are shown
in generic form in Register 12-1. T3CON, T5CON,
T7CON and T9CON are shown in Register 12-2.

For 32-bit timer/counter operation, Timer2, Timer4,
Timer6 or Timer8 is the least significant word; Timer3,
Timer5, Timer7 or Timer9 is the most significant word
of the 32-bit timers.

To configure Timer2/3, Timer4/5, Timer6/7 or Timer8/9
for 32-bit operation:

1. Setthe corresponding T32 control bit.

2. Select the prescaler ratio for Timer2, Timer4,
Timer6 or Timer8 using the TCKPS<1:0> bits.

3. Set the Clock and Gating modes using the
corresponding TCS and TGATE bits.

4. Load the timer period value. PR3, PR5, PR7 or
PR9 contains the most significant word of the
value, while PR2, PR4, PR6 or PRS8 contains the
least significant word.

5. Ifinterrupts are required, set the interrupt enable
bit, T3IE, T5IE, T7IE or T9IE. Use the priority
bits, T3IP<2:0>, T5IP<2:0>, T7IP<2:0> or
T9IP<2:0>, to set the interrupt priority. While
Timer2, Timer4, Timer6 or Timer8 control the
timer, the interrupt appears as a Timer3, Timer5,
Timer7 or Timer9 interrupt.

6. Set the corresponding TON bit.

The timer value at any point is stored in the register
pair, TMR3:TMR2, TMR5:TMR4, TMR7:TMR6 or
TMR9:TMR8. TMR3, TMR5, TMR7 or TMR9 always
contains the most significant word of the count, while
TMR2, TMR4, TMR6 or TMR8 contains the least
significant word.

To configure any of the timers for individual 16-bit
operation:

1. Clear the T32 bit corresponding to that timer.

2. Select the timer prescaler ratio using the
TCKPS<1:0> hits.

3. Setthe Clock and Gating modes using the TCS
and TGATE bits.

4. Load the timer period value into the PRXx
register.

5. Ifinterrupts are required, set the interrupt enable
bit, TXIE. Use the priority bits, TxIP<2:0>, to set
the interrupt priority.

6. Setthe TON bit.

A block diagram for a 32-bit timer pair (Timer4/5)
example is shown in Figure 12-1 and a timer (Timer4)
operating in 16-bit mode example is shown in
Figure 12-2.

Note: For 32-bit operation, T3CON, T5CON,
T7CON and T9CON control bits are
ignored. Only T2CON, T4CON, T6CON
and T8CON control bits are used for setup
and control. Timer2, Timer4, Timer6 and
Timer8 clock and gate inputs are utilized
for the 32-bit timer modules, but an inter-
rupt is generated with the Timer3, Timer5,

Note:  Only Timer2 and Timer3 can trigger a

DMA data transfer.

Ttimer7 and Timer9 interrupt flags.
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FIGURE 12-1: TIMER2/3 (32-BIT) BLOCK DIAGRAM®)
TCKPS<1:0>
NG o 2
T2CK & I/’/
Gate Prescaler
Sync 1, 8, 64, 256
Tcy L4
TGATE
! !
1 Q D J
Set T3IF 6_\9K
0
PR3 | PR2
ADC Event Trigger® Equal *
- 9 Comparator
MSB * LSB

- |
S e S v N vy

Read TMR2

Write TMR2

16
TMR3HLD

Data Bus<15:0> —

Note 1: The 32-bit timer control bit, T32, must be set for 32-bit timer/counter operation. All control bits are respective
to the T2CON register.
2.  The ADC event trigger is available only on Timer2/3.
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FIGURE 12-2: TIMERZ2 (16-BIT) BLOCK DIAGRAM
TCKPS<1:0>
TON 2
T2CK @ ,l> L 1x ¢
Gate Prescaler
Sync 01 1, 8, 64, 256
TGATE 00:
z Tcy TCS
1 Q DJ TGATE
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Equal
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REGISTER 12-1:

TxCON (T2CON, T4CON, T6CON OR T8CON) CONTROL REGISTER

R/W-0 U-0 R/W-0 u-0 u-0 u-0 U-0 u-0
TON — | TsibL — — | = — —
bit 15 bit 8
u-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0 u-0
— TGATE TCKPS<1:0> 132 — TCS —
bit 7 bit 0
Legend:

R = Readable bit

-n = Value at POR ‘1’ = Bit is set

W = Writable bit

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared

X = Bit is unknown

bit 15

TON: Timerx On bit
When T32 = 1:

1 = Starts 32-bit Timerx/y
0 = Stops 32-bit Timerx/y
When T32 = 0:

1 = Starts 16-bit Timerx
0 = Stops 16-bit Timerx

bit 14 Unimplemented: Read as ‘0’
bit 13 TSIDL: Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
bit 12-7 Unimplemented: Read as ‘0’
bit 6 TGATE: Timerx Gated Time Accumulation Enable bit
When TCS = 1:
This bit is ignored.
When TCS = o:
1 = Gated time accumulation enabled
0 = Gated time accumulation disabled
bit 5-4 TCKPS<1:0>: Timerx Input Clock Prescale Select bits
11 = 1:256
10=1:64
01 =18
00=1:1
bit 3 T32: 32-hit Timer Mode Select bit")
1 = Timerx and Timery form a single 32-bit timer
0 = Timerx and Timery act as two 16-bit timers
bit 2 Unimplemented: Read as ‘0’
bit 1 TCS: Timerx Clock Source Select bit
1 = External clock from pin TXCK (on the rising edge)
0 = Internal clock (Fcy)
bit 0 Unimplemented: Read as ‘0’

Note 1. In 32-bit mode, T3CON control bits do not affect 32-bit timer operation.
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REGISTER 12-2: TyCON (T3CON, T5CON, T7CON OR T9CON) CONTROL REGISTER

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

‘0’ = Bit is cleared

R/W-0 u-0 R/W-0 u-0 U-0 u-0 u-0 U-0
TON® — | TsibL® — — | = — —
bit 15 bit 8
u-0 R/W-0 R/W-0 R/W-0 u-0 u-0 R/W-0 U-0
— TGATE® TCKPS<1:0>1) — — Tcs® —
bit 7 bit 0
Legend:

U = Unimplemented bit, read as ‘0’

X = Bit is unknown

bit 15 TON: Timery On bit(D)

1 = Starts 16-bit Timery

0 = Stops 16-bit Timery
bit 14 Unimplemented: Read as ‘0’
bit 13 TSIDL: Stop in Idle Mode bit(})

1 = Discontinue module operation when device enters Idle mode

0 = Continue module operation in Idle mode

bit 12-7 Unimplemented: Read as ‘0’

bit 6 TGATE: Timery Gated Time Accumulation Enable bit(})
When TCS =1:
This bit is ignored.
When TCS = 0:

1 = Gated time accumulation enabled
0 = Gated time accumulation disabled

bit 5-4 TCKPS<1:0>: Timer3 Input Clock Prescale Select bits()

11 =1:256
10=1:64
01=1:8
00=11
bit 3-2 Unimplemented: Read as ‘0’
bit 1 TCS: Timery Clock Source Select bit(1)

1 = External clock from pin TyCK (on the rising edge)

0 = Internal clock (Fcy)
bit 0 Unimplemented: Read as ‘0’

Note 1: When 32-bit operation is enabled (T2CON<3> = 1), these bits have no effect on Timery operation; all timer

functions are set through T2CON.
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NOTES:
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13.0

Note:

INPUT CAPTURE

This data sheet summarizes the features
of this group of dsPIC33F devices. It is not
intended to be a comprehensive reference
source. To complement the information in
this data sheet, refer to the “dsPIC30F
Family Reference Manual” (DS70046).

The input capture module is useful in applications
requiring frequency (period) and pulse measurement.
The dsPIC33F 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
input at ICx pin
- Capture timer value on every rising edge of
input at ICx pin
2. Capture timer value on every edge (rising and
falling)
3. 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:

« 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

Only IC1 and IC2 can trigger a DMA data
transfer. If DMA data transfers are
required, the FIFO buffer size must be set
to 1 (ICI<1:0> = 00).

Note:

FIGURE 13-1: INPUT CAPTURE BLOCK DIAGRAM
From 16-bit Timers
TMRy TMRz
16 16
ICTMR
- - (ICXCON<7>)
Prescaler Edge Detection Logic FIFO
> Counter > and R/W
(1 4, 16) Clock Synchronizer Logic
ICx Pin A A
ICM<2:0> (ICxCON<2:0>) & | (| | © — — — — — — T
3 ModeSelect | | | | | = = — — o
_______ e
ICOV, ICBNE (ICXCON<4:3>) L
| ICXBUF |
Y ICxI<1:0> o y y
Interrupt
ICXxCON | 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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13.1 Input Capture Registers

REGISTER 13-1: ICxCON: INPUT CAPTURE x CONTROL REGISTER

uU-0 uU-0 R/W-0 uU-0 uU-0 U-0 uU-0 uU-0
— — ICSIDL — — — — —
bit 15 bit 8
R/W-0 R/W-0 R/W-0 R-0, HC R-0, HC R/W-0 R/W-0 R/W-0
ICTMR® ICI<1:0> ICOV ICBNE ICM<2:0>
bit 7 bit 0
Legend:
R = Readable hit 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 15-14 Unimplemented: Read as ‘0’
bit 13 ICSIDL: Input Capture Module Stop in Idle Control bit

1 = Input capture module will halt in CPU Idle mode
0 = Input capture module will continue to operate in CPU Idle mode

bit 12-8 Unimplemented: Read as ‘0’
bit 7 ICTMR: Input Capture Timer Select bits(®)

1 = TMR2 contents are captured on capture event
0 = TMR3 contents are captured on capture event

bit 6-5 ICI<1:0>: Select Number of Captures per Interrupt bits

11 = Interrupt on every fourth capture event
10 = Interrupt on every third capture event
01 = Interrupt on every second capture event
00 = Interrupt on every capture event

bit 4 ICOV: Input Capture Overflow Status Flag bit (read-only)

1 = Input capture overflow occurred
0 = No input capture overflow occurred

bit 3 ICBNE: Input Capture Buffer Empty Status bit (read-only)

1 = Input capture buffer is not empty, at least one more capture value can be read
0 = Input capture buffer is empty

bit 2-0 ICM<2:0>: Input Capture Mode Select bits

111 = Input capture functions as interrupt pin only when device is in Sleep or Idle mode
(Rising edge detect only, all other control bits are not applicable.)

110 = Unused (module disabled)

101 = Capture mode, every 16th rising edge

100 = Capture mode, every 4th rising edge

011 = Capture mode, every rising edge

010 = Capture mode, every falling edge

001 = Capture mode, every edge (rising and falling)
(ICI<1:0> bits do not control interrupt generation for this mode.)

000 = Input capture module turned off

Note 1. Timer selections may vary. Refer to the device data sheet for details.
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14.0 OUTPUT COMPARE

Note: This data sheet summarizes the features
of this group of dsPIC33F devices. It is not
intended to be a comprehensive reference
source. To complement the information in
this data sheet, refer to the “dsPIC30F
Family Reference Manual” (DS70046).

14.1 Setup for Single Output Pulse
Generation

When the OCM control bits (OCxCON<2:0>) are set to
‘100, the selected output compare channel initializes
the OCx pin to the low state and generates a single
output pulse.

To generate a single output pulse, the following steps
are required (these steps assume timer source is
initially turned off but this is not a requirement for the
module operation):

1. Determine the instruction clock cycle time. Take
into account the frequency of the external clock
to the timer source (if one is used) and the timer
prescaler settings.

2. Calculate time to the rising edge of the output
pulse relative to the TMRYy start value (0000h).

3. Calculate the time to the falling edge of the pulse
based on the desired pulse width and the time to
the rising edge of the pulse.

4. Write the values computed in steps 2 and 3 above
into the Output Compare register, OCxR, and the
Output Compare Secondary register, OCXRS,
respectively.

5. Set Timer Period register, PRy, to value equal to
or greater than value in OCxRS, the Output
Compare Secondary register.

6. Set the OCM bits to ‘100’ and the OCTSEL
(OCXCON<3>) hit to the desired timer source.
The OCx pin state will now be driven low.

7. Set the TON (TyCON<15>) bit to ‘1’, which
enables the compare time base to count.

8. Upon the first match between TMRy and OCXxR,
the OCx pin will be driven high.

9. When the incrementing timer, TMRy, matches
the Output Compare Secondary register,
OCXRS, the second and trailing edge (high-to-
low) of the pulse is driven onto the OCx pin. No
additional pulses are driven onto the OCx pin
and it remains at low. As a result of the second
compare match event, the OCxIF interrupt flag
bit is set, which will result in an interrupt if it is
enabled, by setting the OCXIE bit. For further
information on peripheral interrupts, refer to
Section 6.0 “Interrupt Controller”.

10. To initiate another single pulse output, change the
Timer and Compare register settings, if needed,
and then issue a write to set the OCM bitsto ‘100"
Disabling and re-enabling of the timer, and clear-
ing the TMRYy register, are not required but may be
advantageous for defining a pulse from a known
event time boundary.

The output compare module does not have to be dis-
abled after the falling edge of the output pulse. Another
pulse can be initiated by rewriting the value of the
OCxXCON register.

14.2 Setup for Continuous Output
Pulse Generation

When the OCM control bits (OCxCON<2:0>) are set to
‘101, the selected output compare channel initializes
the OCx pin to the low state and generates output
pulses on each and every compare match event.

For the user to configure the module for the generation
of a continuous stream of output pulses, the following
steps are required (these steps assume timer source is
initially turned off but this is not a requirement for the
module operation):

1. Determine the instruction clock cycle time. Take
into account the frequency of the external clock
to the timer source (if one is used) and the timer
prescaler settings.

2. Calculate time to the rising edge of the output
pulse relative to the TMRYy start value (0000h).

3. Calculate the time to the falling edge of the pulse,
based on the desired pulse width and the time to
the rising edge of the pulse.

4. Write the values computed in step 2 and 3 above
into the Output Compare register, OCxR, and the
Output Compare Secondary register, OCxRS,
respectively.

5. Set Timer Period register, PRy, to value equal to
or greater than value in OCxRS, the Output
Compare Secondary register.

6. Setthe OCM bits to ‘101" and the OCTSEL bit to
the desired timer source. The OCx pin state will
now be driven low.

7. Enable the compare time base by setting the TON
(TyCON<15>) bit to ‘1.

8. Upon the first match between TMRy and OCXxR,
the OCx pin will be driven high.

9. When the compare time base, TMRy, matches
the Output Compare Secondary register, OCxRS,
the second and trailing edge (high-to-low) of the
pulse is driven onto the OCx pin.

10. As a result of the second compare match event,
the OCXIF interrupt flag bit is set.

11. When the compare time base and the value in its
respective Timer Period register match, the TMRy
register resets to 0x0000 and resumes counting.

12. Steps 8 through 11 are repeated and a continuous
stream of pulses is generated, indefinitely. The
OCXxIF flag is set on each OCXRS-TMRy compare
match event.
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14.3 Pulse-Width Modulation Mode

The following steps should be taken when configuring
the output compare module for PWM operation:

1. Set the PWM period by writing to the selected
Timer Period register (PRYy).

2. Setthe PWM duty cycle by writing to the OCxRS
register.

3. Write the OXCR register with the initial duty cycle.

4. Enable interrupts, if required, for the timer and
output compare modules. The output compare
interrupt is required for PWM Fault pin utilization.

5. Configure the output compare module for one of
two PWM operation modes by writing to the Out-
put Compare Mode bits, OCM<2:0>
(OCxCON<2:0>).

6. Set the TMRy prescale value and enable the
time base by setting TON = 1 (TXCON<15>).

Note: The OCxR register should be initialized
before the output compare module is first
enabled. The OCxR register becomes a
read-only duty cycle register when the
module is operated in the PWM modes.
The value held in OCxR will become the
PWM duty cycle for the first PWM period.
The contents of the Output Compare
Secondary register, OCxRS, will not be
transferred into OCxR until a time base
period match occurs.

14.3.1 PWM PERIOD

The PWM period is specified by writing to PRy, the
Timer Period register. The PWM period can be
calculated using Equation 14-1:

EQUATION 14-1: CALCULATING THE PWM
PERIOD
PWM Period = [(PRy) + 1]  Tcy « (Timer Prescale Value)
where:
PWM Frequency = 1/[PWM Period]

Note: A PRy value of N will produce a PWM
period of N + 1 time base count cycles. For
example, a value of 7 written into the PRy
register will yield a period consisting of
eight time base cycles.

14.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the OCxRS
register. The OCXRS register can be written to at any time,
but the duty cycle value is not latched into OCxR until a
match between PRy and TMRYy occurs (i.e., the period is
complete). This provides a double buffer for the PWM duty
cycle and is essential for glitchless PWM operation. In the
PWM mode, OCxR is a read-only register.

Some important boundary parameters of the PWM duty
cycle include:

« If the Output Compare register, OCxR, is loaded
with 0000h, the OCx pin will remain low (0% duty
cycle).

» If OCxR is greater than PRy (Timer Period register),
the pin will remain high (100% duty cycle).

« If OCxR is equal to PRy, the OCx pin will be low
for one time base count value and high for all
other count values.

See Example 14-1 for PWM mode timing details.
Table 14-1 shows example PWM frequencies and
resolutions for a device operating at 10 MIPS.

EQUATION 14-2: CALCULATION FOR MAXIMUM PWM RESOLUTION

Maximum PWM Resolution (bits) = ———————— hits

lo Fcy )
Y10 ( FPwm

10910(2)

EXAMPLE 14-1: PWM PERIOD AND DUTY CYCLE CALCULATIONS

prescaler setting of 1:1.
Tcy = 625ns

8.3 bits

1.  Find the Timer Period register value for a desired PWM frequency that is 52.08 kHz, where Fcy = 16 MHz and a Timer2

PWM Period = 1/PWM Frequency = 1/52.08 kHz =19.2 us

PWM Period = (PR2+ 1)« Tcy * (Timer2 Prescale Vaue)
19.2us = (PR2+1)+625ns°*1
PR2 = 306

2. Find the maximum resolution of the duty cyclethat can be used with a52.08 kHz frequency and a32 MHz device clock rate:
PWM Resolution = logyg(FCY/FPwMm)/log,g2) bits
(10010(16 MHz/52.08 kHz)/10g,¢2) bits
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TABLE 14-1: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 4 MIPS (Fcy = 4 MHz)

PWM Frequency 7.6 Hz 61 Hz 122 Hz 977 Hz 39kHz | 31.3kHz | 125kHz
Timer Prescaler Ratio 8 1 1 1 1 1 1
Period Register Value FFFFh FFFFh 7FFFh OFFFh 03FFh 007Fh 001Fh
Resolution (bits) 16 16 15 12 10 7 5

TABLE 14-2: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 16 MIPS (Fcy = 16 MHz)

PWM Frequency 30.5Hz 244 Hz 488 Hz 3.9 kHz 15.6 kHz | 125kHz | 500 kHz
Timer Prescaler Ratio 8 1 1 1 1 1 1
Period Register Value FFFFh FFFFh 7FFFh OFFFh 03FFh 007Fh 001Fh
Resolution (bits) 16 16 15 12 10 7 5

TABLE 14-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 40 MIPS (Fcy = 40 MHz)

PWM Frequency 76 Hz 610 Hz 122 Hz | 9.77 kHz 39 kHz 313 kHz | 1.25 MHz
Timer Prescaler Ratio 8 1 1 1 1 1 1
Period Register Value FFFFh FFFFh 7FFFh OFFFh 03FFh 007Fh 001Fh
Resolution (bits) 16 16 15 12 10 7 5
FIGURE 14-1: OUTPUT COMPARE MODULE BLOCK DIAGRAM

Set Flag bit
oCxIF®
OCxRrsW
—\/ o —S Q
(1) - utput 1
OCxR > logc | Ir ocx®
3 Output Enable
OCM2:0CMO ?
Comparator Mode Select EE OCFA or OCFB

TMR register inputs Period match signals
from time bases® from time bases®)

Note 1: Where X' is shown, reference is made to the registers associated with the respective output compare channels 1
through 8.

2: OCFA pin controls OC1-OC4 channels. OCFB pin controls OC5-OC8 channels.

3: Each output compare channel can use one of two selectable time bases. Refer to the device data sheet for the
time bases associated with the module.

Note:  Only OC1 and OC2 can trigger a DMA data transfer.
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14.4  Output Compare Register

REGISTER 14-1:

OCxCON: OUTPUT COMPARE x CONTROL REGISTER

uU-0 uU-0 R/W-0 uU-0 uU-0 uU-0 uU-0 uU-0
— — OCsIDL — — — — —

bit 15 bit 8
uU-0 uU-0 uU-0 R-0 HC R/W-0 R/W-0 R/W-0 R/W-0
— — — OCFLT | oCcTSELW OCM<2:0>

bit 7 bit 0

Legend: HC = Cleared in Hardware HS = Set in 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 15-14 Unimplemented: Read as ‘0’

bit 13 OCSIDL: Stop Output Compare in Idle Mode Control bit

1 = Output Compare x will halt in CPU Idle mode
0 = Output Compare x will continue to operate in CPU Idle mode

bit 12-5 Unimplemented: Read as ‘0’
bit 4 OCFLT: PWM Fault Condition Status bit

1 = PWM Fault condition has occurred (cleared in HW only)
0 = No PWM Fault condition has occurred
(This bit is only used when OCM<2:0> = 111.)

bit 3 OCTSEL: Output Compare Timer Select bitH)

1 = Timer3 is the clock source for Compare x
0 = Timer2 is the clock source for Compare x

bit 2-0 OCM<2:0>: Output Compare Mode Select bits

111 = PWM mode on OCx, Fault pin enabled
110 = PWM mode on OCx, Fault pin disabled
101 = Initialize OCx pin low, generate continuous output pulses on OCx pin
100 = Initialize OCx pin low, generate single output pulse on OCx pin
011 = Compare event toggles OCx pin

010 = Initialize OCx pin high, compare event forces OCx pin low

001 = Initialize OCx pin low, compare event forces OCx pin high

000 = Output compare channel is disabled

Note 1: Refer to the device data sheet for specific time bases available to the output compare module.
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15.0 MOTOR CONTROL PWM
MODULE

Note: This data sheet summarizes the features
of this group of dsPIC33F devices. It is not
intended to be a comprehensive reference
source. To complement the information in
this data sheet, refer to the “dsPIC30F

Family Reference Manual” (DS70046).

This module simplifies the task of generating multiple,
synchronized Pulse-Width Modulated (PWM) outputs.
In particular, the following power and motion control
applications are supported by the PWM module:

» Three Phase AC Induction Motor

« Switched Reluctance (SR) Motor

* Brushless DC (BLDC) Motor

 Uninterruptible Power Supply (UPS)

The PWM module has the following features:

« 8 PWM I/O pins with 4 duty cycle generators

« Up to 16-bit resolution

¢ ‘On-the-fly’ PWM frequency changes

« Edge and Center-Aligned Output modes

» Single Pulse Generation mode

« Interrupt support for asymmetrical updates in
Center-Aligned mode

« Output override control for Electrically
Commutative Motor (ECM) operation

« ‘Special Event’ comparator for scheduling other
peripheral events

 Fault pins to optionally drive each of the PWM
output pins to a defined state

« Duty cycle updates are configurable to be
immediate or synchronized to the PWM time base

This module contains 4 duty cycle generators,
numbered 1 through 4. The module has eight PWM
output pins, numbered PWMI1H/PWMI1L through
PWM4H/PWMA4L. The eight I/O pins are grouped into
high/low numbered pairs, denoted by the suffix H or L,
respectively. For complementary loads, the low PWM
pins are always the complement of the corresponding
high I/O pin.

The PWM module allows several modes of operation
which are beneficial for specific power control
applications.
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FIGURE 15-1: PWM MODULE BLOCK DIAGRAM
=~
—{ PWMCON1 |
PWM Enable and Mode SFRs
—I PWMCON2 |
—{ DTCON1 |
Dead-Time Control SFRs
—‘ DTCON2 |
4I FLTACON |
Fault Pin Control SFRs
—{ FLTBCON |
PWM Manual
OVDCON | Control SFR
PWM Generator #4
I PDC4 Buffer I
%)
S
m
8 I PDC4 I
©
o
=
g »  Comparator »| Channel 4 Dead-Time q — PWM4H
Generator and
—
P Override Logic > —DPwmaL
r— - — — — — h
| [ PWM Generator
4|| PTMR I | » P » Channel 3 Dead-Time D] PwM3H
Generator and
| ¢ | »  Override Logic p| Output —<]PWM3L
| |
PWM Generator IE
| | #2 > Cha(ramel 2 Dead—gime Block PWM2H
enerator an
| ‘ PTPER ‘ | p»  Override Logic DX Pwm2L
I I
PWM Generator o
Channel 1 Dead-Time —IZ PWM1H
| | # Generator and
—l—I PTPER Buffer I | Override Logic —PwM1L
I I
‘I_I PTCON | | XIFLTA
| XGRE
I I
| Comparator I Special Event —» Special Event Trigger
| | SEVTDIR Postscaler
—H SEVTCMP | | PTDIR
I I
~ Lo N
PWM Time Base
Note: Details of PWM Generator #1, #2 and #3 not shown for clarity.
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15.1 PWM Time Base

The PWM time base is provided by a 15-bit timer with
a prescaler and postscaler. The time base is accessible
via the PTMR SFR. PTMR<15> is a read-only status
bit, PTDIR, that indicates the present count direction of
the PWM time base. If PTDIR is cleared, PTMR is
counting upwards. If PTDIR is set, PTMR is counting
downwards. The PWM time base is configured via the
PTCON SFR. The time base is enabled/disabled by
setting/clearing the PTEN bit in the PTCON SFR.
PTMR is not cleared when the PTEN bit is cleared in
software.

The PTPER SFR sets the counting period for PTMR.
The user must write a 15-bit value to PTPER<14:0>.
When the value in PTMR<14:0> matches the value in
PTPER<14:0>, the time base will either reset to ‘0’ or
reverse the count direction on the next occurring clock
cycle. The action taken depends on the operating
mode of the time base.

Note: If the PWM Period register is set to
0x0000, the timer will stop counting and
the interrupt and Special Event Trigger will
not be generated, even if the special event
value is also 0x0000. The module will not
update the PWM Period register if it is
already at 0x0000; therefore, the user
must disable the module in order to update
the PWM Period register.

The PWM time base can be configured for four different
modes of operation:

e Free-Running mode
 Single-Shot mode
e Continuous Up/Down Count mode

« Continuous Up/Down Count mode with interrupts
for double updates

These four modes are selected by the PTMOD<1:0>
bits in the PTCON SFR. The Up/Down Count modes
support center-aligned PWM generation. The Single-
Shot mode allows the PWM module to support pulse
control of certain Electronically Commutative Motors
(ECMs).

The interrupt signals generated by the PWM time base
depend on the mode selection bits (PTMOD<1:0>) and
the postscaler bits (PTOPS<3:0>) in the PTCON SFR.

15.1.1 FREE-RUNNING MODE

In the Free-Running mode, the PWM time base counts
upwards until the value in the PWM Time Base Period
register (PTPER) is matched. The PTMR register is
reset on the following input clock edge and the time
base will continue to count upwards as long as the
PTEN bit remains set.

When the PWM time base is in the Free-Running mode
(PTMOD<1:0> = 00), an interrupt event is generated
each time a match with the PTPER register occurs and
the PTMR register is reset to zero. The postscaler
selection bits may be used in this mode of the timer to
reduce the frequency of the interrupt events.

15.1.2 SINGLE-SHOT MODE

In the Single-Shot mode, the PWM time base begins
counting upwards when the PTEN bit is set. When the
value in the PTMR register matches the PTPER regis-
ter, the PTMR register will be reset on the following
input clock edge and the PTEN bit will be cleared by the
hardware to halt the time base.

When the PWM time base is in the Single-Shot mode
(PTMOD<1:0> = 01), an interrupt event is generated
when a match with the PTPER register occurs. The
PTMR register is reset to zero on the following input
clock edge and the PTEN bit is cleared. The postscaler
selection bits have no effect in this mode of the timer.

15.1.3 CONTINUOUS UP/DOWN COUNT
MODES

In the Continuous Up/Down Count modes, the PWM
time base counts upwards until the value in the PTPER
register is matched. The timer will begin counting
downwards on the following input clock edge. The
PTDIR bit in the PTMR SFR is read-only and indicates
the counting direction. The PTDIR bit is set when the
timer counts downwards.

In the Up/Down Count mode (PTMOD<1:0> = 10), an
interrupt event is generated each time the value of the
PTMR register becomes zero and the PWM time base
begins to count upwards. The postscaler selection bits
may be used in this mode of the timer to reduce the
frequency of the interrupt events.
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15.1.4 DOUBLE UPDATE MODE

In the Double Update mode (PTMOD<1:0> = 11), an
interrupt event is generated each time the PTMR regis-
ter is equal to zero, as well as each time a period match
occurs. The postscaler selection bits have no effect in
this mode of the timer.

The Double Update mode provides two additional
functions to the user. First, the control loop bandwidth is
doubled because the PWM duty cycles can be updated,
twice per period. Second, asymmetrical center-aligned
PWM waveforms can be generated, which are useful for
minimizing output waveform distortion in certain motor
control applications.

Note:  Programming a value of 0x0001 in the
PWM Period register could generate a
continuous interrupt pulse and hence,
must be avoided.

15.1.5 PWM TIME BASE PRESCALER

The input clock to PTMR (Fosc/4) has prescaler
options of 1:1, 1:4, 1:16 or 1:64, selected by control
bits, PTCKPS<1:0>, in the PTCON SFR. The prescaler
counter is cleared when any of the following occurs:

» awrite to the PTMR register

« awrite to the PTCON register

« any device Reset

The PTMR register is not cleared when PTCON is
written.

15.1.6 PWM TIME BASE POSTSCALER

The match output of PTMR can optionally be post-
scaled through a 4-bit postscaler (which gives a 1:1 to
1:16 scaling).

The postscaler counter is cleared when any of the
following occurs:

* awrite to the PTMR register

« awrite to the PTCON register

e any device Reset

The PTMR register is not cleared when PTCON is written.

15.2 PWM Period

PTPER is a 15-bit register and is used to set the counting
period for the PWM time base. PTPER is a double-
buffered register. The PTPER buffer contents are loaded
into the PTPER register at the following instants:

» Free-Running and Single-Shot modes: When the
PTMR register is reset to zero after a match with
the PTPER register.

« Up/Down Count modes: When the PTMR register
is zero.

The value held in the PTPER buffer is automatically
loaded into the PTPER register when the PWM time
base is disabled (PTEN = 0).

The PWM period can be determined using
Equation 15-1:

EQUATION 15-1: PWM PERIOD

Tcy « (PTPER + 1)
TPWM =
(PTMR Prescale Value)

If the PWM time base is configured for one of the Up/
Down Count modes, the PWM period will be twice the
value provided by Equation 15-1.

The maximum resolution (in bits) for a given device
oscillator and PWM frequency can be determined using
Equation 15-2:

EQUATION 15-2: PWM RESOLUTION

log (2 » TPWM/TCY)
log (2)

Resolution =

15.3 Edge-Aligned PWM

Edge-aligned PWM signals are produced by the module
when the PWM time base is in the Free-Running or
Single-Shot mode. For edge-aligned PWM outputs, the
output has a period specified by the value in PTPER
and a duty cycle specified by the appropriate Duty Cycle
register (see Figure 15-2). The PWM output is driven
active at the beginning of the period (PTMR = 0) and is
driven inactive when the value in the Duty Cycle register
matches PTMR.

If the value in a particular Duty Cycle register is zero,
then the output on the corresponding PWM pin will be
inactive for the entire PWM period. In addition, the out-
put on the PWM pin will be active for the entire PWM
period if the value in the Duty Cycle register is greater
than the value held in the PTPER register.

FIGURE 15-2: EDGE-ALIGNED PWM
New Duty Cycle Latched
PTPER- - - - - - - = —- =~ —————— - — - -
. PTMR Z
. Value !
o-: _______ TR T
__ [ouwyoyee L[ 1 -

Period
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15.4 Center-Aligned PWM

Center-aligned PWM signals are produced by the
module when the PWM time base is configured in an
Up/Down Count mode (see Figure 15-3).

The PWM compare output is driven to the active state
when the value of the Duty Cycle register matches the
value of PTMR and the PWM time base is counting
downwards (PTDIR = 1). The PWM compare output is
driven to the inactive state when the PWM time base is
counting upwards (PTDIR = 0) and the value in the
PTMR register matches the duty cycle value.

If the value in a particular Duty Cycle register is zero,
then the output on the corresponding PWM pin will be
inactive for the entire PWM period. In addition, the out-
put on the PWM pin will be active for the entire PWM
period if the value in the Duty Cycle register is equal to
the value held in the PTPER register.

FIGURE 15-3: CENTER-ALIGNED PWM

Period/2

Period

15,5 PWM Duty Cycle Comparison
Units

There are four 16-bit Special Function Registers
(PDC1, PDC2, PDC3 and PDC4) used to specify duty
cycle values for the PWM module.

The value in each Duty Cycle register determines the
amount of time that the PWM output is in the active
state. The Duty Cycle registers are 16 bits wide. The
LSb of a Duty Cycle register determines whether the
PWM edge occurs in the beginning. Thus, the PWM
resolution is effectively doubled.

1551 DUTY CYCLE REGISTER BUFFERS

The four PWM Duty Cycle registers are double-
buffered to allow glitchless updates of the PWM
outputs. For each duty cycle, there is a Duty Cycle
register that is accessible by the user and a second
Duty Cycle register that holds the actual compare value
used in the present PWM period.

For edge-aligned PWM output, a new duty cycle value
will be updated whenever a match with the PTPER
register occurs and PTMR is reset. The contents of the
duty cycle buffers are automatically loaded into the
Duty Cycle registers when the PWM time base is
disabled (PTEN = 0) and the UDIS bit is cleared in
PWMCON2.

When the PWM time base is in the Up/Down Count
mode, new duty cycle values are updated when the
value of the PTMR register is zero and the PWM time
base begins to count upwards. The contents of the duty
cycle buffers are automatically loaded into the Duty
Cycle registers when the PWM time base is disabled
(PTEN = 0).

When the PWM time base is in the Up/Down Count
mode with double updates, new duty cycle values are
updated when the value of the PTMR register is zero,
and when the value of the PTMR register matches the
value in the PTPER register. The contents of the duty
cycle buffers are automatically loaded into the Duty
Cycle registers when the PWM time base is disabled
(PTEN = 0).

1552 DUTY CYCLE IMMEDIATE UPDATES

When the Immediate Update Enable bitis set (IUE = 1),
any write to the Duty Cycle registers will update the
new duty cycle value immediately. This feature gives
the option to the user to allow immediate updates of the
active PWM Duty Cycle registers instead of waiting for
the end of the current time base period. System stabil-
ity is improved in closed-loop servo applications by
reducing the delay between system observation and
the issuance of system corrective commands when
immediate updates are enabled (IUE = 1).

If the PWM output is active at the time the new duty
cycle is written and the new duty cycle is less than the
current time base value, the PWM pulse width will be
shortened. If the PWM output is active at the time the
new duty cycle is written and the new duty cycle is
greater than the current time base value, the PWM
pulse width will be lengthened.

If the PWM output is inactive at the time the new duty
cycle is written and the new duty cycle is greater than
the current time base value, the PWM output will
become active immediately and will remain active for
the new written duty cycle value.
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15.6 Complementary PWM Operation

In the Complementary mode of operation, each pair of
PWM outputs is obtained by a complementary PWM
signal. A dead time may be optionally inserted during
device switching, when both outputs are inactive for a
short period (refer to Section 15.7 “Dead-Time
Generators”).

In Complementary mode, the duty cycle comparison
units are assigned to the PWM outputs as follows:

» PDCL1 register controls PWM1H/PWM1L outputs
« PDC2 register controls PWM2H/PWM2L outputs
« PDCS3 register controls PWM3H/PWM3L outputs
* PDCA4 register controls PWM4H/PWMA4L outputs

The Complementary mode is selected for each PWM
I/O pin pair by clearing the appropriate PTMODX bit in
the PWMCON1 SFR. The PWM I/O pins are set to
Complementary mode by default upon a device Reset.

15.7 Dead-Time Generators

Dead-time generation may be provided when any of the
PWM 1/O pin pairs are operating in the Complementary
Output mode. The PWM outputs use push-pull drive cir-
cuits. Due to the inability of the power output devices to
switch instantaneously, some amount of time must be
provided between the turn-off event of one PWM output
in a complementary pair and the turn-on event of the
other transistor.

FIGURE 15-4:

DEAD-TIME TIMING DIAGRAM

The PWM module allows two different dead times to be
programmed. These two dead times may be used in
one of two methods, described below, to increase user
flexibility:
« The PWM output signals can be optimized for
different turn-off times in the high side and low
side transistors in a complementary pair of tran-
sistors. The first dead time is inserted between
the turn-off event of the lower transistor of the
complementary pair and the turn-on event of the
upper transistor. The second dead time is inserted
between the turn-off event of the upper transistor
and the turn-on event of the lower transistor.

» The two dead times can be assigned to individual
PWM 1/O pin pairs. This operating mode allows
the PWM module to drive different transistor/load
combinations with each complementary PWM 1/O
pin pair.

15.7.1 DEAD-TIME GENERATORS

Each complementary output pair for the PWM module
has a 6-bit down counter that is used to produce the
dead-time insertion. As shown in Figure 15-4, each
dead-time unit has a rising and falling edge detector
connected to the duty cycle comparison output.

Duty Cycle Generator

PWMxH

PWMXxL

-

T

-

T

I
Time Selected by DTSxA bit (A or B)

|
Time Selected by DTSxI bit (A or B)
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15.7.2 DEAD-TIME ASSIGNMENT

The DTCON2 SFR contains control bits that allow the
dead times to be assigned to each of the complemen-
tary outputs. Table 15-1 summarizes the function of
each dead-time selection control bit.

TABLE 15-1: DEAD-TIME SELECTION BITS

Bit Function

DTS1A |Selects PWM1L/PWM1H active edge dead time.

DTS1l |Selects PWM1L/PWM1H inactive edge
dead time.

DTS2A |Selects PWM2L/PWM2H active edge dead time.

DTS2l |Selects PWM2L/PWM2H inactive edge
dead time.

DTS3A |Selects PWM3L/PWM3H active edge dead time.

DTS3l |Selects PWM3L/PWM3H inactive edge
dead time.

DTS4A |Selects PWM4L/PWM4H active edge dead time.

DTS4l |Selects PWMAL/PWM4H inactive edge
dead time.

15.7.3 DEAD-TIME RANGES

The amount of dead time provided by each dead-time
unit is selected by specifying the input clock prescaler
value and a 6-bit unsigned value. The amount of dead
time provided by each unit may be set independently.

Four input clock prescaler selections have been pro-
vided to allow a suitable range of dead times, based on
the device operating frequency. The clock prescaler
option may be selected independently for each of the
two dead-time values. The dead-time clock prescaler
values are selected using the DTAPS<1:0> and
DTBPS<1:0> control bits in the DTCON1 SFR. One of
four clock prescaler options (Tcy, 2 Tcy, 4 Tcy or 8 Tcy)
may be selected for each of the dead-time values.

After the prescaler values are selected, the dead time
for each unit is adjusted by loading two 6-bit unsigned
values into the DTCONL1 SFR.

The dead-time unit prescalers are cleared on the
following events:

* On a load of the down timer due to a duty cycle
comparison edge event.
¢ On a write to the DTCON1 or DTCONZ2 registers.
¢ On any device Reset.
Note:  The user should not modify the DTCON1
or DTCON2 values while the PWM mod-

ule is operating (PTEN = 1). Unexpected
results may occur.

15.8 Independent PWM Output

An Independent PWM Output mode is required for
driving certain types of loads. A particular PWM output
pair is in the Independent Output mode when the cor-
responding PTMODX bit in the PWMCONL1 register is
set. No dead-time control is implemented between
adjacent PWM 1/O pins when the module is operating
in the Independent PWM Output mode and both 1/O
pins are allowed to be active simultaneously.

In the Independent PWM Output mode, each duty cycle
generator is connected to both of the PWM 1/O pins in
an output pair. By using the associated Duty Cycle reg-
ister and the appropriate bits in the OVDCON register,
the user may select the following signal output options
for each PWM 1/O pin operating in this mode:

 1/O pin outputs PWM signal
e 1/O pin inactive
« 1/O pin active

15.9 Single Pulse PWM Operation

The PWM module produces single pulse outputs when
the PTCON control bits PTMOD<1:0> =10. Only edge-
aligned outputs may be produced in the Single Pulse
mode. In Single Pulse mode, the PWM 1/O pin(s) are
driven to the active state when the PTEN bit is set.
When a match with a Duty Cycle register occurs, the
PWM 1/O pin is driven to the inactive state. When a
match with the PTPER register occurs, the PTMR
register is cleared, all active PWM 1/O pins are driven
to the inactive state, the PTEN bit is cleared and an
interrupt is generated.

15.10 PWM Output Override

The PWM output override bits allow the user to manu-
ally drive the PWM 1/O pins to specified logic states,
independent of the duty cycle comparison units.

All control bits associated with the PWM output over-
ride function are contained in the OVDCON register.
The upper half of the OVDCON register contains eight
bits, POVDxH<4:1> and POVDxL<4:1>, that determine
which PWM 1/O pins will be overridden. The lower half
of the OVDCON register contains eight bits,
POUTxH<4:1> and POUTxL<4:1>, that determine the
state of the PWM /O pins when a particular output is
overridden via the POVD bits.

15.10.1 COMPLEMENTARY OUTPUT MODE

When a PWMXxL pin is driven active via the OVDCON
register, the output signal is forced to be the comple-
ment of the corresponding PWMxH pin in the pair.
Dead-time insertion is still performed when PWM
channels are overridden manually.
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15.10.2 OVERRIDE SYNCHRONIZATION

If the OSYNC bhit in the PWMCON?2 register is set, all
output overrides performed via the OVDCON register
are synchronized to the PWM time base. Synchronous
output overrides occur at the following times:

« Edge-Aligned mode — when PTMR is zero

» Center-Aligned modes — when PTMR is zero and
the value of PTMR matches PTPER

15.11 PWM Output and Polarity Control

There are three device Configuration bits associated
with the PWM module that provide PWM output pin
control:

» HPOL Configuration bit
* LPOL Configuration bit
« PWMPIN Configuration bit

These three bits in the FPOR Configuration register
(see Section 24.0 “Special Features”) work in con-
junction with the eight PWM Enable bits (PENxH<4:1>,
PENxL<4:1>) located in the PWMCON1 SFR. The
Configuration bits and PWM Enable bits ensure that
the PWM pins are in t