High-Performance dsPIC33A Core with Floating-Point
Unit, High-Speed ADCs and High-Resolution PWM

Operating Conditions
+ 3.0Vto 3.6V:-40°C to +85°C, DC to 200 MHz

*+ 3.0Vto3.6V:-40°Cto +125°C, DC to 200 MHz
+ 3.0Vto 3.6V:-40°C to +150°C, DC to 200 MHz

High-Performance dsPIC33A DSP/CISC CPU

+ 32-bit Comprehensive Instruction Set for Optimized Speed and Program Code Size:

- 16-bit dsPIC33 core compatible
- Non-paged linear Data/Flash 24-bit addressing space

- 16-bit/32-bit instructions for optimized code size and performance

* 32-bit Wide Data Paths

+ Single and Double Precision Floating-Point Unit (FPU) Coprocessor

+ 2 Kbyte Instruction Cache
+ Sixteen 32-bit Working Registers

+ Dual 72-bit Accumulators Supporting 32-bit and 16-bit Fixed-Point DSP Operations

+ Eight Level Deep Working Register Contexts

+ Eight Level Deep Accumulator Register Contexts

+ Eight Level Deep Floating Point Register Contexts

Memory Features

« Up to 128 Kbytes of Program Flash Memory:

10,000 erase/write cycle endurance

20 years minimum data retention
Self-programmable under software control
Programmable code protection

Flash Error Correcting Code (ECC)
Programmable OTP regions

Entire Flash OTP by ICSP™ write inhibit

64 x128-bit OTP area

+ Up to 16 Kbytes of RAM Memory:

6-channel hardware Direct Memory Access (DMA) module
RAM Error Correcting Code (ECC)
RAM Memory Built-In Self-Test (MBIST)
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Controller Features

High-Current Sink/Source Capable 1/0s

Programmable Weak Pull-Up and Pull-Down Resistors

Programmable Open-Drain Outputs

Edge or Level Change Notification Interrupt on I/0 pins

Peripheral Pin Select (PPS) Remappable Pins to Reduce Board Layout Complexity
Multiple Interrupt Vectors with Individual Programmable Priority

Five External Interrupt Pins

Selectable Oscillator Options Including:
- 8 MHz, 1% at 0°C-85°C Internal Fast RC (FRC) oscillator

- 8 MHz, 2% Internal Backup Fast RC (BFRC) oscillator with 32 kHz divided output
- High-speed crystal resonator oscillator or external clock
Two 1.6 GHz PLLs for Peripheral which can be clocked from the FRC or a Crystal Oscillator
Reference Clock Output (REFO)
Low-Power Modes (Sleep and Idle)
Power-On Reset and Brown-Out Reset

High-Speed PWM

Four PWM Generators (Four Pairs, Eight Outputs)
Up to 2.5 ns PWM Resolution
Dead Time for Rising and Falling Edges
Dead-Time Compensation Supports Lower Speed Operation
PWM Support for:
- BLDC, PMSM, ACIM, SRM and Stepper Motors
Fault and Current Limit Inputs
Flexible Trigger Configuration for ADC Triggering
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Two High-Speed Analog-to-Digital Converters

* 12-bit Resolution
* Up to 40 Msps Conversion Rate
+ Upto 22 Analog Input Pins
+ 20 Settings Channels. Each Channel:
- Supports Discrete Configuration
- Can be assigned to any analog input (I/0 pin or internal signal)
- Can be set to a different sampling time
- Can be configured as single-ended or differential
- Conversion result can be formatted as unsigned or signed
- Conversion result can be left-aligned (fraction format)
- Has a separate 32-bit conversion result register
* Supports Four Sampling modes:
- Oversampling of multiple samples
- Integration of multiple samples
- Window (multiple samples accumulated when the gate signal is active)
- Single Conversion

- All channels have a digital comparator to detect when the conversion result is less than, greater than, in
bounds or out of bounds for the configurable thresholds

- Three channels support second result accumulator to implement second order filters

+ Band Gap Reference and Temperature Sensor Diode Inputs

Other Analog Features

+ Three 5 nS Analog Comparators with 12-bit Pulse Density Modulation DACs:
- Input multiplexing
- Slope compensation
- One DAC output buffer
+ Three Rail-to-Rail 100 MHz Operational Amplifiers with:
- 100 V/uS slew rate
- 1 mV offset (typical)
- User calibration of input offset voltage
+ Four 10 pA Constant Sources + Four Programmable Sources
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Peripheral Features

+ Three 4-Wire SPI Modules:
- 4-byte FIFO
- Variable data width
- 1S mode
+  Two I2C modules:
- Independent Host and Client Logic
- Supports 100 kHz, 400 kHz and 1 MHz Bus Specifications
- 7-bit and 10-bit Device Addresses
- Supports IPMI Standard, SMBus and PMBus

+ Three Protocol UARTs with 8-Character RX/TX FIFOs and Automated Handling Support for:
- LIN2.2

- Digital Multiplex 512 (DMX)
- Smart Card (ISO 7816)
- IrDA
+ Two Single-Edge Nibble Transmission (SENT) Modules
+ One Dedicated 32-bit Timer/Counter
+ Four Single Output Capture/Compare/PWM/Timer (SCCP) Modules:
- Flexible configuration as PWM, input capture, output compare or timers
- Two 16-bit timers or one 32-bit timer in each module
- Single PWM output pin
*  One Quadrature Encoder Interface (QEI):
- Four inputs: Phase A, Phase B, Home, Index
+ Four Configurable Logic Cells (CLC) with Internal Connections to Select Peripherals and PPS
+ Bidirectional Serial Synchronous (BiSS) Encoder Interface with up to Four Client Encoders Support

+ Peripheral Trigger Generator (PTG):
- 10 input trigger sources from other peripheral modules

- 5 output triggers to other peripheral modules
- 4individual interrupt request signals
- CPU independent state machine-based instruction sequencer

Security Module

* Secure Boot

+ Secure Debug

* Immutable Root of Trust (IRT)

+ Code Protect

+ ICSP Program/Erase Disable (Entire Flash OTP by ICSP Write Inhibit)
* Firmware IP Protection

+ Flash Write Protection
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Safety Features

+ Windowed Watchdog Timer (WDT)

+ Deadman Timer (DMT)

* Four I/0 Integrity Monitors (I0IM)

+ Fail-Safe Clock Monitor (FSCM) with Automatic Switchover to Backup Clock Source with:
- Programmable over-frequency/under-frequency thresholds

+ Flash Error Correcting Code (NVM ECC)

* RAM Error Correcting Code (RAM ECC)

«  RAM Memory Built-In Self-Test (MBIST)

+ 32-bit Cyclic Redundancy Check (CRC) Module

+ Entire Flash OTP by ICSP™ Write Inhibit

+ Capless Internal Voltage Regulator

+ Virtual PPS Pins for Redundancy and Monitoring

+ Temperature Sensor Diode

Functional Safety
Functional Safety Readiness - ISO 26262/IEC 61508/IEC 60730

To learn about the Functional Safety Readiness of this device family and various Functional Safety standards an
application can target using this device family, visit www.microchip.com/dsPIC33-Functional-Safety

Qualification

AEC-Q100 REV H:

* Grade 1:-40°C to +125°C

* Grade 0: -40°C to +150°C Planned

Programming and Debug Interfaces

+ Three Programming and Debugging Interfaces:

- Two-wire ICSP™ interface with non-intrusive access and real-time data exchange with application
+ Five Program Addresses and Five Full-Featured Breakpoints
+ |EEE Standard 1149.2 Compatible (JTAG) Boundary Scan

Targeted Applications

*  Power Factor Correction (PFQC):
- Interleaved PFC

- Critical Conduction PFC
- Bridgeless PFC
+ DC/DC Converters:
- Buck, Boost, Forward, Flyback, Push-Pull
- Half/Full-Bridge
- Phase-Shift Full-Bridge
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- Resonant Converters
+ DC/AC:
- Half/Full-Bridge Inverter
- Resonant Inverter
* Motor Control:
- BLDC

- PMSM
- SR
- ACIM
+ Advanced Sensor Interfacing
+ High-Performance Embedded Control
+ Safety-Critical Designs
+ Digital Lighting
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dsPIC33AK128MC106 Product Family

The dsPIC33A family names, pin counts, memory sizes and peripheral availability of each device are listed in
Table 1, and their pinout diagrams are included as well.
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Table 1. dsPIC33AK128MC106 Family

Remappable Peripherals

Product.

Program Memory (Kbytes)

Data Memory (Kbytes)

General Purpose I/O/PPS
High-Resolution PWM (Generator Pairs)
Two 12-bit ADCs (External Analog Inputs)
Dedicated 32-bit Timers

Op Amplifiers
Comparators
12-bit DACs
DMA (Channels)

g |§ g€

5 w0 | &
dsPIC33AK32MC102 28 32 8 19/19 4%2 I 1 3 1 4 4 3 2 1 2 3 3 2 1 6 SSOP/VQFN
dsPIC33AK32MC103 36 32 8 27127 4%*2 15 1 3 1 4 4 SR 1 3 3 3 2 1 6 VQFN
dsPIC33AK32MC105 48 32 8 35/35 4%2 18 1 3 1 4 4 3 2 1 3 3 3 2 1 6 VQFN/TQFP
dsPIC33AK32MC106 64 32 8 49/49 4%2 22 1 3 1 4 4 SEN2, 1 3 3 3 2 1 6 VQFN/TQFP
dsPIC33AK64MC102 28 64 16 19/19 4*2 1 1 3 1 4 4 3 2 1 2 3 3 2 1 6 SSOP/VQFN
dsPIC33AK64MC103 36 64 16 27127 4%2 15 1 3 1 4 4 32 1 3 3 3 2 1 6 VQFN
dsPIC33AK64MC105 48 64 16 35/35 4%2 18 1 3 1 4 4 3 2 1 3 3 3 2 1 6 VQFN/TQFP
dsPIC33AK64MC106 64 64 16 49/49 4*%2 22 1 3 1 4 4 SE2 1 3 3 3 2 1 6 VQFN/TQFP
dsPIC33AK128MC102 28 128 16 19/19 4%2 I 1 3 1 4 4 3 2 1 2 3 3 2 1 6 SSOP/VQFN
dsPIC33AK128MC103 36 128 16 27127 4%*2 15 1 3 1 4 4 SR 1 3 3 3 2 1 6 VQFN
dsPIC33AK128MC105 48 128 16 35/35 4%2 18 1 3 1 4 4 3 2 1 3 3 3 2 1 6 VQFN/TQFP
dsPIC33AK128MC106 64 128 16 49/49 4%2 22 1 3 1 4 4 SEN2, 1 3 3 3 2 1 6 VQFN/TQFP
Note:

1. SCCP can be configured as a PWM with one output, input capture, output compare, 2 x 16-bit timers or 1 x 32-bit timer.



Pin Diagrams

Figure 1. 28-Pin SSOP

|:| 5V Tolerant

RAO[ 1 ~ 28 [1] MCLR
RA1[ ]2 27 ] Voo
AVgs[]3 26[ ] Vss
AVpp [ 4 ~ 25[]RD3
RA2[]5 & 24[RD2
RA3[ |6 s 23 "] RD1
RA4[]7 £ 22[]RDO
Ves[]8 ¥ 21[0Rc4
veo[]o 8  20[dRc3
RBO[]10 &  19[JRC2
rRe1“]11  ° 18] Vpp
RB2[ |12 17 ] Vss
RB3[ |13 16 ] RC1
RB4 [ |14 15[7] RCO®
Table 2. 28-Pin SSOP Complete Pin Function Descriptions(13)
O S "
PGD2/AD2AN6/CMP3C/ISRC2/IBIAS2/RP1/SDA2/IOMF2/RA0. 15  OSCO/CLKO/RP33/I0MF5/RCO
2 PGC2/DACOUT1/AD1AN7/AD2AN3/CMP1D/CMP2D/ 16  OSCI/CLKI/RP34/IOMF6/RC1
CMP3D/RP2/SCL2/RA1
3 AVg 17 Vs
4 AVpp 18 Vpp
5  OATOUT/AD1ANO/CMP1A/RP3/RA2 19 PGC3/RP35/PWM4H/RC2
6  OATIN-/ADTANN1/AD2ANO/RP4/RA3 20 PGD3/RP36/PWM3H/IOMDO/RC3
7  OATIN+/AD1AN1/CMP1B/RP5/RA4 21 RP37/PWM3L/IOMD1/RC4
8 Vs 22 RP49/PWM2H/IOMD2/RDO
9  Vpp 23 TCK/RP50/PWM2L/IOMD3/RD1
10  OA20UT/AD2AN1/CMP2A/RP17/INTO/RBO 24  TDO/RP51/PWM1H/IOMD4/RD2
11 TMS/OA2IN-/ADTAN4/AD2ANN1/RP18/RB1(4) 25  TDI/RP52/PWM1L/IOMD5/RD3
12 OA2IN+/AD2AN4/CMP2B/RP19/RB2 26 Vs
13 PGD1/AD1AN5/CMP1C/ISRCO/IBIASO/RP20/SDA1/RB3 27 Vpp
14 PGC1/AN2AN5/CMP2C/ISRC1/IBIAS1/RP21/SCL1/RB4 28 MCIR
Note:

1.  RPnrepresents remappable peripheral functions.
2. This pin has 8x drive strength.
3. Unless otherwise stated, pins are 4x drive strength. Refer to Electrical Specifications for current drive strength details.

4. A pull-up resistor is connected to this pin when device is erased (JTAG enabled) and during programming.

@ MICROCHIP



Pin Diagrams

Figure 2. 28-Pin VOFN

|:| 5V Tolerant

RC4
RC3
RC2
18] |Vop
17[ | Vss
RC1
rRco®

o

S 88388538

= > > X r x o

o L ILILICILILIL

28 27 26 25 24 23 22
RAO| |1 21[]
RA1[ |2 20[]
AVgs| |3 19[]
App[ ]+ GSPIC33AKXXXMC102
RA2[ |5
RA3[ |6 16[_]
RA4[ |7 15[

8 9 10 11 12 13 14

[ 1 .

8 83% 3 3 3

> > x 9 X o o

Table 3. 28-Pin VQFN Complete Pin Function Descriptions(%3)

1

N

oo v AW

9
10
"
12
13
14

Note:

Function
PGD2/AD2AN6/CMP3C/ISRC2/IBIAS2/RP1/SDA2/IOMF2/RA0

PGC2/DACOUT1/AD1AN7/AD2AN3/CMP1D/CMP2D/
CMP3D/RP2/SCL2/RA1

AVsg

OA1TOUT/AD1ANO/CMP1A/RP3/RA2
OA1IN-/ADTANN1/AD2ANO/RP4/RA3
OA1IN+/ADTAN1/CMP1B/RP5/RA4

Vss

Vbp

OA20UT/AD2AN1/CMP2A/RP17/INTO/RBO
TMS/OA2IN-/AD1AN4/AD2ANN1/RP18/RB1(4)
OA2IN+/AD2AN4/CMP2B/RP19/RB2
PGD1/AD1AN5/CMP1C/ISRCO/IBIASO/RP20/SDA1/RB3
PGC1/AD2AN5/CMP2C/ISRC1/IBIAS1/RP21/SCL1/RB4

1. RPnrepresents remappable peripheral functions.

2. This pin has 8x drive strength.

15
16

17
18

19
20
21
22
23
24
25
26
27
28

Function
OSCO/CLKO/RP33/I0MF5/RC0(2
OSCI/CLKI/RP34/IOMF6/RC1

Vss

Vbp

PGC3/RP35/PWM4H/RC2
PGD3/RP36/PWM3H/IOMDO/RC3
RP37/PWM3L/IOMD1/RC4
RP49/PWM2H/IOMD2/RD0O
TCK/RP50/PWM2L/IOMD3/RD1
TDO/RP51/PWM1H/IOMD4/RD2
TDI/RP52/PWM1L/IOMD5/RD3

3. Unless otherwise stated, pins are 4x drive strength. Refer to Electrical Specifications for current drive strength details.

4. A pull-up resistor is connected to this pin when device is erased (JTAG enabled) and during programming.
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Pin Diagrams

Figure 3. 36-Pin VQFN
|:| 5V Tolerant

RA0| |1 27[ | rRc4
RA1[ ]2 26 | RC3
AVgs| |3 25| Res
Ao | |4 24[ | Re2
rRaz[ |5 GSPIC33AKXXXMC103  p3y,,
RA3[ |6 22 | Vs
RA4[ |7 21[| ret

RAS| |8 20[ | rco®

RA6| |9 19[ | RB7

Table 4. 36-Pin VQFN Complete Pin Function Descriptions(%3)

I . T
PGD2/AD2AN6/CMP3C/ISRC2/IBIAS2/RP1/SDA2/IOMF2/RA0 19  AD2ANN2/AD2AN8/RP24/I0MF0/RB7
2 PGC2/DACOUT1/AD1AN7/AD2AN3/CMP1D/CMP2D/ 20 OSCO/CLKO/RP33/I0MF5/RCO(2)
CMP3D/RP2/SCL2/RA1
3 AVsg 21 OSCI/CLKI/RP34/IOMF6/RC1
4 AVpp 22 Vss
5 OATOUT/AD1ANO/CMP1A/RP3/RA2 23 Vpp
6 OA1IN-/ADT1ANN1/AD2ANO/RP4/RA3 24 PGC3/RP35/PWM4H/RC2
7 OA1IN+/AD1AN1/CMP1B/RP5/RA4 25  RP38/PWM4L/RC5
8 OA30UT/AD1AN3/CMP3A/RP6/RA5 26  PGD3/RP36/PWM3H/IOMDO/RC3
9 OA3IN-/AD1AN2/RP7/RA6 27  RP37/PWM3L/IOMD1/RC4
10  OA3IN+/AD2AN2/CMP3B/RP22/RB5 28 RP49/PWM2H/IOMD2/RDO0
11 Vss 29  TCK/RP50/PWM2L/IOMD3/RD1
12 Vpp 30 TDO/RP51/PWM1H/IOMD4/RD2
13 OA20UT/AD2AN1/CMP2A/RP17/INTO/RBO 31 TDI/RP52/PWM1L/IOMD5/RD3
14  TMS/OA2IN-/AD1AN4/AD2ANN1/RP18/RB1(4) 32 Vs
15  OA2IN+/AD2AN4/CMP2B/RP19/RB2 33 Vpp
16  PGD1/AD1AN5/CMP1C/ISRC0O/IBIASO/RP20/SDA1/RB3 34  RP53/PCI22/RD4
17  PGC1/AD2AN5/CMP2C/ISRC1/IBIAS1/RP21/SCL1/RB4 35 RP60/RD11
18 AD1ANN2/AD1AN8/RP23/RB6 36 MCLR
Notes:

1.  RPnrepresents remappable peripheral functions.
2. This pin has 8x drive strength.
3. Unless otherwise stated, pins are 4x drive strength. Refer to Electrical Specifications for current drive strength details.

4. A pull-up resistor is connected to this pin when device is erased (JTAG enabled) and during programming.
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Pin Diagrams

Figure 4. 48-Pin VQFN, TQFP

|:| 5V Tolerant
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RA8 | |4 33| RC3
RA9| |5 32 [ rCs
Avss | ]6 31 [ RC2
AVpp j7 dsPIC33AKXXXMC105 30 [ Voo
RA2 | |8 29[| Vss
RA3 [ ]9 28 [ RC1
RA4 [ ]10 27 [T rCO®
RA5 [ ] 11 26 T RC7
RA6 [ ]12 25| RC6

13 14 15 16 17 18 19 20 21 22 23 24

CIC A e ar i

2 383 3 883385
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Table 5. 48-Pin VQFN, TQFP Complete Pin Function Descriptions(%3)

1
2

w

Function
PGD2/AD2AN6/CMP3C/ISRC2/IBIAS2/RP1/SDA2/IOMF2/RA0
AD1ANG6/RP8/IOMF1/RA7

PGC2/DACOUT1/AD1AN7/AD2AN3/CMP1D/CMP2D/
CMP3D/RP2/SCL2/RA1

AD2AN9/ISRC3/IBIAS3/RP9/RA8
AD1TANN3/AD1AN9/RP10/RA9

AVss

AVpp

OA1T0OUT/AD1ANO/CMP1A/RP3/RA2
OA1IN-/ADTANN1/AD2ANO/RP4/RA3
OA1IN+/AD1AN1/CMP1B/RP5/RA4
OA30UT/AD1AN3/CMP3A/RP6/RA5S
OA3IN-/AD1AN2/RP7/RA6
OA3IN+/AD2AN2/CMP3B/RP22/RB5

Vss

Vbp
OA20UT/AD2AN1/CMP2A/RP17/INTO/RBO
TMS/OA2IN-/AD1AN4/AD2ANN1/RP18/RB1(4)
OA2IN+/AD2AN4/CMP2B/RP19/RB2

Vss

Vbp
PGD1/AN1P5/CMP1C/ISRCO/IBIASO/RP20/SDAT/RB3
PGC1/AD2AN5/CMP2C/ISRC1/IBIAS1/RP21/SCL1/RB4
AD1TANN2/AD1AN8/RP23/RB6
AD2ANN2/AD2AN8/RP24/I0MFO/RB7

@ MICROCHIP

25
26
27

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

45
46
47
48

Sen | hndion

RP39/RC6
RP40/RC7
0SCO/CLKO/RP33/I0MF5/RCO®)

OSCI/CLKI/RP34/I0OMF6/RC1

Vss

Vbp

PGC3/RP35/PWM4H/RC2
RP38/PWMA4L/RC5
PGD3/RP36/PWM3H/IOMDO/RC3
RP37/PWM3L/IOMD1/RC4

Vss

Vbp

RP49/PWM2H/IOMD2/RD0O
TCK/RP50/PWM2L/IOMD3/RD1
TDO/RP51/PWM1H/IOMD4/RD2
TDI/RP52/PWM1L/IOMD5/RD3
RP54/ASCL1/RD5
RP55/ASDA1/RD6
RP56/ASCL2/IOMD7/IOMF4/RD7
RP57/ASDA2/I0MD6/I0MF3/RD8

Vss

Vbp
RP53/PCI22/RD4
MCLR



........... continued

[ Pn T~~~ Fmton [ Pn | Fucton |
Note:

1.  RPnrepresents remappable peripheral functions.
2. This pin has 8x drive strength.

3. Unless otherwise stated, pins are 4x drive strength. Refer to Electrical Specifications for current drive strength details.

A pull-up resistor is connected to this pin when device is erased (JTAG enabled) and during programming.
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PinD

Figure 5.

1
2

w

iagrams

64-Pin VQFN, TQFP

[[] 5V Tolerant
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RAO [ |1 48 ] Vpp
RA7 [ 2 47 [ Vs
RA1[]3 46 ] RC11
Vss [ 4 45 []RC10
Vop |5 44 [T RC4
RA11[]6 43 ] RC3
RAS[ |7 42 [ ] RC5
RA9[ |8 41 []RC2
RA10 [ ]9 dsPIC33AKXXXMC106 40 [ Vop
AVgg [] 10 39 ]Vss
AVpp [] 11 38 ] RC1
RA2 [ |12 37 [] Rco®@
RA3 [ |13 36 [] RC7
RA4 [ | 14 35 []RC6
RA5 [ |15 34 [ RCo®@
RA6 [ | 16 33 [Z]rcs®
_ T P22R8SQNQICRSTAIZTHS )
LUHUOHHOHOHUOUUUEE
L 888T 83238883882 ¢C
n:>>ncgncncn:>>ncncn:n:5§
© 4
Table 6. 64-Pin VQFN, TQFP Complete Pin Function Descriptions(1-3)

Function Function
PGD2/AD2AN6/CMP3C/ISRC2/IBIAS2/RP1/SDA2/IOMF2/RA0 33 RP41/I0MD11/I0MF11/PCI20/RC8(
AD1AN6/RP8/IOMF1/RA7 34  RP42/I0MD10/SDO2/IOMF10/PCI19/RC9@
PGC2/DACOUT1/AD1AN7/AD2AN3/CMP1D/CMP2D/ 35 RP39/RC6
CMP3D/RP2/SCL2/RA1
Vss 36  RP40/RC7
Voo 37  OSCO/CLKO/RP33/IOMF5/RC0O@)
AD1AN10/RP12/RA11 38  OSCI/CLKI/RP34/I0MF6/RC1
AD2AN9/ISRC3/IBIAS3/RP9/RAS 39 Vg
AD1ANN3/AD1AN9/RP10/RA9 40 Vpp
AD2ANN3/AD2AN7/RP11/RA10 41 PGC3/RP35/PWM4H/RC2
AVss 42 RP38/PWMA4L/RC5
AVpp 43 PGD3/RP36/PWM3H/IOMDO/RC3
OA10UT/AD1ANO/CMP1A/RP3/RA2 44 RP37/PWM3L/IOMD1/RC4
OA1IN-/ADTANN1/AD2ANO/RP4/RA3 45  RP43/IOMD9/IOMF9/RC10
OA1IN+/ADTAN1/CMP1B/RP5/RA4 46 RP44/IOMD8/IOMF8/RC11
OA30UT/AD1AN3/CMP3A/RP6/RA5 47 Vs
OA3IN-/AD1AN2/RP7/RA6 48 Vpp
OA3IN+/AD2AN2/CMP3B/RP22/RB5 49  RP58/IOMF7/RD9
Vss 50 RP59/RD10
Voo 51  RP49/PWM2H/IOMD2/RDO
OA20UT/AD2AN1/CMP2A/RP17/INTO/RBO 52  TCK/RP50/PWM2L/IOMD3/RD1
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........... continued

I . S S
TMS/OA2IN-/AD1AN4/AD2ANN1/RP18/RB14) TDO/RP51/PWM1H/IOMD4/RD2

22 OA2IN+/AD2AN4/CMP2B/RP19/RB2 54 TDI/RP52/PWM1L/IOMD5/RD3
23 AD1AN11/RP25/RB8 55  RP54/ASCL1/RD5
24 AD2AN10/RP26/RB9 56  RP55/ASDA1/RD6
25  Vss 57 RP56/ASCL2/I0OMD7/IOMF4/RD7
26  Vpp 58 RP57/ASDA2/I0MD6/IOMF3/RD8
27  PGD1/AD1AN5/CMP1C/ISRCO/IBIASO/RP20/SDA1/RB3 59 Vs
28  PGC1/AD2AN5/CMP2C/ISRC1/IBIAS1/RP21/SCL1/RB4 60 Vpp
29  AD1ANN2/AD1AN8/RP23/RB6 61  RP53/PCI22/RD4
30 AD2ANN2/AD2AN8/RP24/IOMFO/RB7 62 RP60/RD11
31 RP27/SCK2/RB10(2) 63  RP61/PCI21/RD12
32  RP28/SDI2/RB11 64 MCLR

Note:

1.  RPnrepresents remappable peripheral functions.
2. This pin has 8x drive strength.
3. Unless otherwise stated, pins are 4x drive strength. Refer to Electrical Specifications for current drive strength details.

4. Apull-up resistor is connected to this pin when device is erased (JTAG enabled) and during programming.
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Pinout I/O Descriptions

Table 7. Pinout I/O Descriptions

Pin Name(" Buffer Description
ame Type Type escriptio

AN1PO - ANTP11

ANTNT - ANTN3 |
AN2PO - AN2P10 |
AN2N1T - AN2N3 |

ADTRG31 |
CLKI |

CLKO o

OSClI

0SsCo 1/0

REFCLKI |
REFCLKO O
INTO |
INT1 |
INT2 |
INT3 |
INT4 |

IOCA[4:0] |
IOCB[15:0] |
10CC[15:0] |
I0CD[15:0] |
IOCE[15:0] |
IOCF[15:0] |

IOMD[n:0]
IOMF[n:0]

QEIAT [
QEIB1 [
QEINDX1 [
QEIHOM! [
QEICMP o]

RAO-RA4 170

— O

Analog
Analog
Analog
Analog

ST
ST/CMOS

ST/CMOS

ST
ST
ST
ST
ST
ST

ST
ST
ST
ST
ST
ST

ST
ST

ST
ST
ST
ST

ST

No
No
No

Yes
No

No

No

No

Yes
Yes
No
Yes
Yes
Yes
Yes

No
No
No
No
No
No

Yes
Yes

Yes
Yes
Yes
Yes
Yes

No

ADCT1 positive input channels
ADC1 negative input channels
ADC2 positive input channels
ADC2 negative input channels

ADC Trigger Input 31

External Clock (EC) source input. Always
associated with OSCl pin
function.

Oscillator crystal output. Connects to crystal or

resonator in Crystal Oscillator mode. Optionally
functions as CLKO in RC and EC modes. Always

associated with OSCO pin function.

Oscillator crystal input. ST buffer when configured
in RC mode; CMOS otherwise.

Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode. Optionally
functions as CLKO in RC and EC modes.
Reference clock input

Reference clock output

External Interrupt O

External Interrupt 1

External Interrupt 2

External Interrupt 3

External Interrupt 4

Interrupt-on-Change input for PORTA
Interrupt-on-Change input for PORTB
Interrupt-on-Change input for PORTC
Interrupt-on-Change input for PORTD
Interrupt-on-Change input for PORTE
Interrupt-on-Change input for PORTF

I/0 Monitor Reference
I/0 Monitor Feedback

QEl Input A1

QEl Input B1

QEl Index 1 input

QEl Home 1 input

QEI comparator output

PORTA is a bidirectional 1/0 port

Legend: CMOS = CMOS compatible input or output; TTL = TTL input buffer; Analog = Analog input; P = Power; ST = Schmitt Trigger input

with CMOS levels; O = Output; | = Input;
PPS = Peripheral Pin Select

Notes:

1. Not all pins are available in all package variants. See the Pin Diagrams section for pin availability.

2. These pins are remappable as well as dedicated.
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........... continued

Pin Name(® Buffer Description
Type Type P

RBO-RB15
RCO-RC15
RDO-RD15
REO-RE15
RFO-RF15
T1CK
U1CTS
UTRTS
U1RX
U1TX
UTDSR
U1DTR

U2CTsS
U2RTS
U2RX
U2TX
U2DSR
U2DTR

U3CTS
U3RTS
U3RX
U3Tx
U3DSR
U3DTR

SENT1
SENT2
SENT1OUT
SENT20UT

PTGTRG24
PTGTRG25

TCKI1-TCKI9
ICM1-ICM9
OCFA-OCFD
OCM1-OCM9

SCK1
SDI1
SDO1
SST

Legend: CMOS = CMOS compatible input or output; TTL = TTL input buffer; Analog = Analog input; P = Power; ST = Schmitt Trigger input

I/0
170
170
I/0

I/0

with CMOS levels; O = Output; | = Input;

PPS = Peripheral Pin Select
Notes:

ST
ST
ST
ST
ST
ST

ST

ST

ST

ST

ST

ST

ST

ST

ST
ST

ST
ST
ST

ST
ST

ST

No
No
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

PORTB is a bidirectional I/0 port
PORTC is a bidirectional 1/0 port
PORTD is a bidirectional I/0 port
PORTE is a bidirectional I/0 port
PORTF is a bidirectional 1/0 port

Timer1 external clock input
UART1 Clear-to-Send

UART1 Request-to-Send
UART1 receive

UART1 transmit

UART1 Data-Set-Ready
UART1 Data-Terminal-Ready

UART2 Clear-to-Send

UART2 Request-to-Send
UART2 receive

UART2 transmit

UART2 Data-Set-Ready
UART2 Data-Terminal-Ready

UART3 Clear-to-Send

UART3 Request-to-Send
UART3 receive

UART3 transmit

UART3 Data-Set-Ready
UART3 Data-Terminal-Ready

SENT1 input
SENT2 input
SENT1 output
SENT2 output

PTG Trigger Output 24
PTG Trigger Output 25

SCCP Timer Inputs 1 through 9

SCCP Capture Inputs 1 through 9

SCCP Fault Inputs A through D

SCCP Compare Outputs 1 through 9

Synchronous serial clock /0 for SPI1

SPI1 data in
SPI1 data out

SPI1 Client synchronization or frame pulse /0

1. Notall pins are available in all package variants. See the Pin Diagrams section for pin availability.

2. These pins are remappable as well as dedicated.
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........... continued

Pin Name(® Buffer Description
Type Type P

SCK2 Synchronous serial clock I/0 for SPI2

SDI2 I ST Yes SPI2 data in

SDO2 o — Yes SPI2 data out

SS2 110 ST Yes SPI2 Client synchronization or frame pulse 1/0

SCK3 1/0 ST Yes Synchronous serial clock I/0 for SPI3

SDI3 I ST Yes SPI3 data in

SDO3 (0] — Yes SPI3 data out

SS3 I/0 ST Yes SPI3 Client synchronization or frame pulse 1/0

SCL1 I/0 ST No Synchronous serial clock I/0 for 12C1

SDA1 I/0 ST No Synchronous serial data 1/0 for 12C1

ASCL1 I/0 ST No Alternate synchronous serial clock I/0 for 12C1

ASDA1 110 ST No Alternate synchronous serial data 1/0 for 12C1

SCL2 I/0 ST No Synchronous serial clock I/0 for 12C2

SDA2 1/0 ST No Synchronous serial data 1/0 for 12C2

ASCL2 1/0 ST No Alternate synchronous serial clock I/0 for 12C2

ASDA2 1/0 ST No Alternate synchronous serial data 1/0 for 12C2

BISS1SL | ST Yes BiSS1 Return Input

BISS1GS I ST Yes BiSS1 Get Sense

BISSTMO (0] ST Yes BiSS1 Output

BISSTMA (0] ST Yes BiSS1 Clock

T™MS | ST No JTAG Test mode select pin

TCK I ST No JTAG test clock input pin

TDI I ST No JTAG test data input pin

TDO 0 — No JTAG test data output pin

PCI8-PCI18 I ST Yes PWM Inputs 8 through 18

PCI19-PCI22 I ST No PWM Inputs 19 through 22

PWMEA-PWMEF (6} — Yes PWM Event Outputs A through F

PWM1L-PWM4L?) 0 — Yes PWM Low Outputs 1 through 4

PWM1H-PWM4H®@ (0] — Yes PWM High Outputs 1 through 4

CLCINA-CLCIND | ST Yes CLC Inputs A through D

CLC10OUT-CLC8OUT 0 — Yes CLC Outputs 1 through 8

CMP1 (0] = Yes Comparator 1 output

CMP1A-CMP3A | Analog No Comparator Channels 1A through 3A inputs

CMP1B-CMP3B | Analog No Comparator Channels 1B through 3B inputs

CMP1C-CMP3C | Analog Comparator Channels 1C through 3C inputs

CMP1D-CMP3D I Analog No Comparator Channels 1D through 3D inputs
No

DACOUT1 O — No DAC1T output voltage

Legend: CMOS = CMOS compatible input or output; TTL = TTL input buffer; Analog = Analog input; P = Power; ST = Schmitt Trigger input
with CMOS levels; O = Output; | = Input;
PPS = Peripheral Pin Select

Notes:
1. Not all pins are available in all package variants. See the Pin Diagrams section for pin availability.

2. These pins are remappable as well as dedicated.
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........... continued

Pin Name(® Buffer Description
Type Type P

IBIAS3, IBIAS2, IBIAST,
IBIASO/ISRC3, ISRC2,
ISRC1, ISRCO

OATIN+
OA1IN-
OA1T0UT
OA2IN+
OA2IN-
OA20UT
OA3IN+
OA3IN-
OA30UT

PGD1

PGC1

PGD2

PGC2

PGD3

PGC3

I/0

I/0

I/P

p
P

Analog

ST

ST

ST

ST

ST

ST

ST

No

No
No
No
No
No
No
No
No
No

No

No

No

No

No

No

No

No

No

No
No

Constant-Current Outputs 0 through 3

Op Amp 1+ input

Op Amp 1- input

Op Amp 1 output

Op Amp 2+ input

Op Amp 2- input

Op Amp 2 output

Op Amp 3+ input

Op Amp 3- input

Op Amp 3 output

Data I/0 pin for Programming/ Debugging
Communication Channel 1

Clock input pin for Programming/ Debugging
Communication Channel 1

Data I/0 pin for Programming/ Debugging
Communication Channel 2

Clock input pin for Programming/ Debugging
Communication Channel 2

Data I/0 pin for Programming/ Debugging
Communication Channel 3

Clock input pin for Programming/ Debugging
Communication
Channel 3

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

Positive supply for analog modules. This pin must
be connected at all times.

Ground reference for analog modules. This pin
must be connected at all times.

Positive supply for peripheral logic and I/0O pins
Ground reference for logic and I/0 pins

Legend: CMOS = CMOS compatible input or output; TTL = TTL input buffer; Analog = Analog input; P = Power; ST = Schmitt Trigger input
with CMOS levels; O = Output; | = Input;

PPS = Peripheral Pin Select

Notes:

1. Notall pins are available in all package variants. See the Pin Diagrams section for pin availability.

2. These pins are remappable as well as dedicated.
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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. 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 Website at:
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., DS30000000A is
version A of document DS30000000).

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 Website; www.microchip.com/
* 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 website at www.microchip.com/ to receive the most current information on all of our products.

Terminology Cross Reference

Table 8 provides updated terminology for deprecated naming conventions. Register and bit names remain
unchanged, however, descriptions and usage guidance may have been updated.

Table 8. Terminology Cross References

CPU Master Initiator
DMA Master Initiator
12C Master Host
Slave Client
SPI Master Host
Slave Client
UART, LIN Mode Master Commander
Slave Responder
PWM Master Host
Slave Client
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1. Device Overview

This document contains device-specific information for the dsPIC33AK128MC106 Digital Signal
Controller (DSC) family of devices.

The dsPIC33AK128MC106 devices support a high-performance architecture with the Digital
Signal Processor (DSP) and a Single and Double Precision Floating Point Unit (FPU). The
dsPIC33AK128MC106 family of devices operate with an internal core supplied with a 1.1V using
a low-voltage regulator.

Figure 1-1 shows a general block diagram of the core and peripheral modules of the
dsPIC33AK128MC106 family.

Figure 1-1. dsPIC33AK128MC106 Family Block Diagram

CPU
CPU CPU CPU DMA ICD
FPU [P Instruction X Data Y Data Data Data DB%SEAM
Bus Bus Bus Bus Bus Bus
y
A4 v A 4 A

Bus Fabric (BMX)

A
32 32
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128 X RAM Y RAM Bus Splitter
Flash [ ecc | [ ecc |
as| Wrapperv 2 A
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DFX TAP RAMBIST QEI
g I—I % i
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USER MBIST]
IcD
Slow Peripheral Bus (1:4)

Std. Peripheral Bus (1:2)

Notes:

1. Not all I/0 pins or features are implemented on all device pinout configurations. See Pinout I/0
Descriptions for specific implementations by pin count.

2. Some peripheral I/0s are only accessible through Peripheral Pin Select (PPS).
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2. Guidelines for Getting Started with Digital Signal Controllers

2.1 Basic Connection Requirements

Getting started with the dsPIC33AK128MC106 family devices requires attention to a minimal set of
device pin connections before proceeding with development. The following pins must always be
connected:

All Vpp and Vss power supply pins must be properly biased with required voltages (see
37. Electrical Characteristics)

All AVpp and AVsg analog supply pins must be properly biased regardless of which analog
modules or components of the dsPIC33A device are used (see 37. Electrical Characteristics)

MCLR pin is connected with Vpp and Vss based on circuit or application needs

PGCx/PGDx pins used for In-Circuit Serial Programming™ (ICSP™) and debugging purposes (see
2.4, ICSP Pins)

OSCl and OSCO pins when an external oscillator source is used (see 2.5. External Oscillator Pins)

2.2 Decoupling Capacitors

The use of decoupling capacitors on every pair of power supply pins, such as Vpp, Vss, AVpp and
AVsg, is required.

Consider the following criteria when using decoupling capacitors:

Value and type of capacitor: Recommendation of 0.1 pF (100 nF), in parallel with a 1000 pF (1
nF), 10-20V. These capacitors should be low-ESR and have a resonance frequency in the range of
20 MHz and higher. Ceramic capacitors are recommended.

Placement on the Printed Circuit Board: The decoupling capacitors should be placed as close
to the pins as possible. It is recommended to place the capacitors on the same side of the
board as the device. If space is constricted, the capacitor can be placed on another layer on the
PCB using a via; however, ensure that the trace length from the pin to the capacitor is within
one-quarter inch (6 mm) in length.

Handling high-frequency noise: If the board is experiencing high-frequency noise above tens of
MHz, add an additional ceramic-type capacitor in parallel to the decoupling capacitors. The value
can be in the range of 0.01 pF to 0.001 pF. Place this capacitor next to the primary decoupling
capacitors. In high-speed circuit designs, consider implementing a decade set of capacitances as
close to the power and ground pins as possible. For example, 0.1 yF in parallel with 0.01 pF and
0.001 pF.

Maximizing performance: On the board layout from the power supply circuit, run the power
and return traces to the decoupling capacitors first and then to the device pins. This ensures
that the decoupling capacitors are first in the power chain. Equally important is to keep the trace
length between the capacitor and the power pins to a minimum, thereby reducing PCB track
inductance.
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Figure 2-1. Recommended Minimum Connection
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2.3 Master Clear (MCLR) Pin
The MCLR pin provides two specific device functions:
+ Device Reset
+ Device Programming and Debugging

During device programming and debugging, the resistance and capacitance that can be added to
the pin must be considered. Device programmers and debuggers drive the MCLR pin. Consequently,
specific voltage levels (V4 and V|) and fast signal transitions must not be adversely affected. Ensure
that the MCLR pin V| and V,_ voltage specifications are met.

For example, Figure 2-2 shows the MCLR pin connections with general circuit components used,
such as resistor R, series resistor R1 and capacitor C, and their placement. It is recommended to
place these passive components with one-quarter inch (6mm) from the MCLR pin.

Figure 2-2. Example of MCLR Pin Connections
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2.5

2.6

Notes:

1. R<10kQis recommended. A suggested starting value is 10 kQ. Ensure that the MCLR pin V|4
and V|_specifications are met.

2. R1<470Q will limit any current flowing into MCLR from the external capacitor, C, in the event of
MCLR pin breakdown due to Electrostatic Discharge (ESD) or Electrical Overstress (EOS). Ensure
that the MCLR pin V| and V,_ specifications are met.

3. C< 1 PF may be recommended. However, values of C should be based on reset timings
required for any application. Make sure to isolate C from the MCLR pin during programming
and debugging operations.

ICSP Pins

The PGCx and PGDx pins are used for programming and debugging purposes. It is recommended
to keep the trace length between the ICSP connector and the ICSP pins on the device as short

as possible. If the ICSP connector is expected to experience an ESD event, a series resistor is
recommended, with the value in the range of a few tens of Ohms, not to exceed 100 Ohms.

Pull-up resistors, series diodes and capacitors on the PGCx and PGDx pins are not recommended
as they will interfere with the programmer/debugger communications to the device. If such
discrete components are an application requirement, they sh<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>