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Agenda
• dsPIC33 vs. Full Digital Power

• Digital Power Development Tools

• Programing

• Digital Power Reference Design

• Other Resources
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dsPIC33 vs. Full Digital Power
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Digital Power Roadmap
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100 MIPS Single / Dual Core40-50 MIPS 70 MIPS

dsPIC33EP128GS8
64 - 128KB Flash

8KB RAM
Live Update, PTG, CLC 

DACs, PGAs, 2xCAN
28/44/48/64/80 pins

dsPIC33FJ64GS6
32 - 64KB Flash

4 - 9KB RAM
DAC, DMA, CAN
64/80/100 pins

dsPIC33FJ16GS5
6 - 16KB Flash

0.25 - 2KB RAM
DAC

18/28/44 pins

dsPIC33FJ09GS3
6 - 9KB Flash

0.25 – 1KB RAM
DAC, 40 MIPS only
18/20/28/36 pins

dsPIC33EP64GS5
16 - 64KB Flash

2 - 8KB RAM
Live Update 

DACs, PGAs, 28/44/48/64 
pins

dsPIC33EP32GS2
16 - 32KB Flash

2KB RAM
PGAs

4x4mm package option 
28 pins

dsPIC33CK64MP
32 - 64KB ECC Flash

8KB RAM BIST
Single Core, DACs
Op-Amps, SENT
28/36/48 pins 

dsPIC33CK256MP
32 - 256KB ECC Flash,

8 - 24KB RAM BIST, 
Live Update, Single Core, 
DACs, Op-Amps, CAN-FD

28/36/48/64/80 pins 

dsPIC33CH128MP
64 - 128KB ECC Flash
16K RAM, 24K PRAM

Dual Core, Live Update
DACs, PGAs, CAN-FD
28/36/48/64/80 pins 

dsPIC33CH512MP
256 - 512KB ECC Flash

48K RAM, 72K PRAM BIST
Dual Core, Live Update 
DACs, PGAs, 2xCAN-FD

48/64/80 pins
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Robustness features on dsPIC33C
• Internal regulator is Capacitor-less design

• No need of an external capacitor, no noise injection from the board
• Saves space on the board for routing
• Lower component count, lower cost
• One extra I/O pin

• Virtual Pins for Redundancy and Monitoring: Dual core device feature to cross check/monitor 
• Flash ECC (Error Correcting Code): Flash Error check with 1-bit detection/correction & 2-bit detection
• DMT (Deadman Timer) : Instruction cycle counting and could be used as a SW checkpoint
• WDT (Watchdog Timer) : For system recovery  
• CodeGuard� Security: For code protection schemes
• CRC (Cyclic Redundancy Check): For code validation
• Two-Speed Start-up: For slowly start up from power on, reduce inrush current
• Fail-Safe Clock Monitoring: Clock monitor and switch
• Backup FRC (BFRC): Backup for the FRC clock
• AEC-Q100 REVG (Grade 0: -40°C to +150°C) Compliant: Automotive Qual
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dsPIC33C Family
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dsPIC33CH512 MP Main Core

MEMORY BUS

PE
R
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Main 
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Core
90 MHz

48 KB
Data 
RAM

512 KB 
FlashDMA

Main Core’s Dedicated Peripherals
• 6 General DMA channels
• 2 CAN-FD (with 2 dedicated DMA channels)
• 2 SENT
• 2 SPI with I2S support
• 2 I2C with PMBus™ support
• 2 UARTs
• 1 Peripheral Trigger Generator (PTG)
• 4 Configurable Logic Cells (CLCs)
• 1 QEI (Quadrature Encoder Interface)
• 8 SCCPs - 32 bit-timer/Cap/Compare
• 1 CRC Module
• 1 12-bit ADC with up to 18 channels
• 1 Analog Comparator w/ 12-bit DAC
• 1 DAC output buffer (shared across cores)
• 8 PWM Generators
• 64 x 48 bits of OTP Flash
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dsPIC33CH512 MP Secondary Core

MEMORY BUS
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16 KB
Data 
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PRAM DMA

Secondary Core’s Dedicated Peripherals

• 3 12-bit ADCs w/ up to 18 channels

• 3 Analog Comparators with 12-bit DACs

• 3 PGAs (can share with main core)

• 8 PWM Generators

• 4 Configurable Logic Cells (CLCs)

• 1 QEI (Quadrature Encoder interfaces)

• 4 SCCPs - 32 bit-timer/Cap/Compare

• 1 16-bit Timer

• 2 Channel DMA

• 1 SPI with I2S support

• 1 UART

• 1 I2C with PMBus™ support

• 1 Deadman Timer
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Main / Secondary Interface (MSI)
Example: dsPIC33CH512
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dsPIC33CH Family
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dsPIC33C Family
Context-Selected Register Sets

• Enables nearly instantaneous context switches

• Four additional register sets
• Each assigned to specific interrupt priority level
• Persistent data from one interrupt service routine (ISR) 

invocation to the next
• Reduces saving and restoring register contents

• Accelerates compensators up to 50%
• Significantly reduces control-loop latencies
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dsPIC33C Family
12-Bit ADC
• 285 ns latency
• 3.5 MSPS per SAR
• Up to 24 analog inputs each with a dedicated result 

register
• Multiple and flexible trigger options
• PWM Primary and Secondary Trigger
• Timer Period Match
• Output Compare event trigger
• PWM special event trigger
• PWM Current-Limit event trigger
• External trigger event from device pin
• Software trigger

• Four digital comparators with interrupts:
• Multiple comparison options

• Four oversampling filters with interrupts:
• Provides increased resolution
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dsPIC33CH Family
Programmable Gain Amps
• Configured by secondary core
• Non-inverting amps with 8 selectable gains
• Output can be read by dedicated S&H circuits
• Output can be input to analog comparators
• Output can be routed to DACOUTx pin

Gain Typical Bandwidth (-3 dB)

4x 10 MHz

6x 6.7 MHz

8x 5.0 MHz

12x 3.3 MHz

16x 2.5 MHz

24x 1.7 MHz

32x 1.3 MHz

48x 0.8 MHz
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dsPIC33C Family
High Speed 12-bit DAC
• Generates reference voltage waveforms for analog comparators
• Can be used for slope compensation in peak current mode topologies

• 2V Step Response Design Targets:
• Settle to ±30 mV in 350 ns
• Settle to ±3 mV in 500 ns
• Settle to ±1 mV in 800 ns

• Waveform Generation:
• Up to 1 MHz triangle or slope waveforms

Programmable waveforms:

DAC

Control

Ref

Duty Cycle

Peak Inductor 
Current Ref Example 

Inductor current sense 
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dsPIC33C Family
Live Update
• Update firmware in an operating power converter 

while maintaining continuous regulation

• dsPIC33C Live Update Features:
• Dual Flash partitions (main) & dual RAM partitions (secondary)
• Update one partition while executing from the other

• Fast switchover between partitions
• Transparently fits between compensator updates to PWM

• Continuous analog comparator fault monitoring
• PWM output can be truncated due to detected fault in 15 ns (typ) 

regardless of stage in Live Update process 

• Complete development tools support and example code

Live Update 2P2Z to 3P3Z Demo

2P2Z
Compensator

3P3Z
CompensatorUpdated To
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dsPIC33C Performance Example
Digital Power 3P3Z Latency

dsPIC33EP’GS
70 MHz

ISR

0.89 μs

ADC Trigger PWM Update

Latency

Compensator Calculations
543 ns

Net ISR: 
43 ns

Overall Latency

dsPIC33CH’MP
100 MHz

ADC
300 ns

ISR

ADC
285 ns

Compensator 
Calculations

280 ns

0.57 μs
Net ISR:

0 ns At 70% of 
Secondary CPU 

sampling 
frequencies of 
~1.8 MHz are 

achievable

Ideal 
for GaN

At 40% CPU for 
compensator: 

sampling
frequencies of 

500 kHz are 
achievable
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dsPIC33CH Family
Dual Core Debug

• MPLAB® supports parallel debug sessions
• Main core programs secondary core, hosts image
• Debug is independent
• Changes to secondary core code are placed back into main core’s image
• Breakpoints on either core can be configured to halt the other core or leave it running
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dsPIC33CH Family Packages
Wide range of packages from 28 to 80-pin

28-lead SSOP (SS)
10.2 x 5.3 x 2 mm

(Lead Pitch: 0.65 mm)

48-lead TQFP (PT)
7 x 7 x 1 mm

(Lead Pitch: 0.5 mm)

48-lead uQFN (M4) 
6 x 6 x 0.5 mm

with corner anchors
(Lead Pitch: 0.4 mm)

36-lead uQFN (M5) 
5 x 5 x 0.5 mm

with corner anchors
(Lead Pitch: 0.4 mm)

Pa
ck

ag
e 

Ty
pe

s

64-lead QFN (MR)
9 x 9 x 0.5 mm

(Lead Pitch: 0.5 mm)

64-lead TQFP (PT)
10 x 10 x 1 mm

(Lead Pitch: 0.5 mm)

80-lead TQFP (PT)
12 x 12 x 1 mm

(Lead Pitch: 0.5 mm)

28 to 80 pins

28-lead uQFN (2N) 
6 x 6 x 0.5 mm

with corner anchors
(Lead Pitch: 0.65 mm)

dsPIC33CH512MP508
Family Packages
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dsPIC33CK Family Packages
Wide range of packages from 28 to 80-pin

28-lead SSOP (SS)
10.2 x 5.3 x 2 mm

(Lead Pitch: 0.65 mm)

48-lead TQFP (PT)
7 x 7 x 1 mm

(Lead Pitch: 0.5 mm)

48-lead uQFN (M4) 
6 x 6 x 0.5 mm

with corner anchors
(Lead Pitch: 0.4 mm)

36-lead uQFN (M5) 
5 x 5 x 0.5 mm

with corner anchors
(Lead Pitch: 0.4 mm)

28-lead uQFN (M6) 
4 x 4 x 0.6 mm

with corner anchors
(Lead Pitch: 0.65 mm)

Pa
ck

ag
e 

Ty
pe

s

64-lead QFN (MR)
9 x 9 x 0.5 mm

(Lead Pitch: 0.5 mm)

64-lead TQFP (PT)
10 x 10 x 1 mm

(Lead Pitch: 0.5 mm)

80-lead TQFP (PT)
12 x 12 x 1 mm

(Lead Pitch: 0.5 mm)

28 to 80 pins

28-lead uQFN (2N) 
6 x 6 x 0.5 mm

with corner anchors
(Lead Pitch: 0.65 mm)
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Digital Power
Development Tools
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Digital Power Development Suite with DCDT

Microchip dsPIC
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L
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VOUT
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Rf2

Digital Compensator + DPWM

Step #1: MCC (Codebase)

Step #4: DCDT SMPS Lib (Compensator)

Step #3: DCDT (Coefficients)
Step #2: Getting Plant

Reference Compensator
Hc

System
Plant
Hsys

Error Output

Feedback Gain
HFB

+ -
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MPLAB® Code Configurator
• Free Graphical Programming Environment
• Intuitive Interface for Quick Start Development
• Automated Configuration of Peripherals & 

Functions
• Easy I/O set-up with pin manager
• Minimized reliance upon product datasheet
• Reduces overall design effort & time

• From Novice to Expert...
• Accelerates generation of production ready code

• Quick start software libraries for Dev. Boards and click boards™
• Add sensing, control, or communication functionality to your prototype design without 

the hassle of low-level code development and validation 
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Kp (P-Term) Control

Microchip dsPIC

VIN

Gate Driver

L

CoD1

Q1

ADCDigital 
Compensator

Reference
DPWM S/H

VOUT

Rf1

Rf2

Kp

RInj

FN



2021 Microchip 高效能電源技術線上研討會25

eRTC Digital Power Workshop
http://elearning.microchip.com.tw/modules/tad_link/index.php?cate_sn=1



2021 Microchip 高效能電源技術線上研討會26

Full Digital Power Implementation
ePOW004

dsPIC全數位電源訓練課程錄影

Microchip dsPIC
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Gate Driver

L
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ADCDigital 
Compensator

Reference
DPWM S/H

VOUT
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Digital Compensator + DPWM

Plant

Feedback

https://youtu.be/I8T6yhfDFc0
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Digital Power Development Suite with DCLD

Microchip dsPIC

VIN

Gate Driver

L

CoD1

Q1

ADCDigital 
Compensator

Reference
DPWM S/H

VOUT

Rf1

Rf2

Digital Compensator + DPWM

Step #1: MCC (Codebase)

Step #2 ~ #4 in ONE S/W Tool: 
PowerSmartTM - DCLD

Reference Compensator
Hc

System
Plant
Hsys

Error Output

Feedback Gain
HFB

+ -
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PowerSmartTM - DCLD Introduction

\nbproject\xxx.XML
Step #1: MCC (Codebase)
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Step #2: Getting Plant
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Step #2: Getting Plant
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Step #3: DCLD (Coefficients)
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Step #4: Compensator
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Training Courses For Power Management
• Microchip University – Power Management
• https://mu.microchip.com/page/power-management

Is HERE!!
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More Resources Regarding PowerSmartTM
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Programing
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Searching F/W On Microchip or EPC Website
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Connections
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Coding & Programing With  
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Coding & Programing With  
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Coding & Programing With  
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Digital Power Reference Design
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Vienna PFC Reference Design
The primary stage of a High-speed EV Charger
• 30 kW Vienna rectifier topology

• 98.5 % peak efficiency

• 3-phase 380/400 VAC, 50 Hz/60 Hz input voltage

• <5 % current THD at half and full loads

• Microchip 700 V, 15 mOhm SiC MOSFETs mounted on 
AVVID MaxClip heat sinks to reduce communication 
loop inductance and voltage spikes across devices

• PCB design according to IEC standards, with 
consideration for safety, current stress, mechanical 
stress, and noise immunity

• dsPIC33CH controller with verified open-source 
software using 3-level modulation for digital control

Matching 30 kW LLC 
charger in development
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Transphorm’s 4 kW Bridgeless Totem-Pole PFC
dsPIC33CK and Transphorm’s SuperGaN™
• > 99% peak efficiency
• < 2% THDv with < 3% THDi noise distortion
• > 0.99 PF
• Zero Load / High Load startup ability

Test Setup and Conditions

Evaluation Kit TDTTP4000W066C-KIT

Operating frequency 66 kHz

Input voltage 85 Vac to 265 Vac

Output voltage 385 Vdc ±5%

Digital power PIM dsPIC33CK256MP506

GaN device TP65H035G4WS

Gate resistor 30Ω

Gate ferrite bead 200Ω @ 100 MHz
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EPC Evaluation Kits With dsPIC33
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*Royalty-free when used in accordance with Microchip’s licensing agreement

Royalty-Free* Reference Designs
Available Today
• 750W AC/DC Supply

• Semi-Bridgeless PFC

• Zero Voltage Switching Full-Bridge with Peak Current Mode Control using Digital Slope Compensation and Synchronous Rectification

• 720W Platinum-rated AC/DC Supply
• IPFC + interleaved 2-switch forward conv with SR

• Adaptive algorithms to achieve > 94% efficiency 

• Enhanced Solar Micro Inverter
• 250W panel input, grid-tied output

• MPPT to achieve 94.5% efficiency (peak)

• 1 KW Pure Sine Wave UPS
• Offline UPS system

• Push-pull converter & full-bridge inverter

• Interleaved Power Factor Correction
• Two phase interleaved PFC

• Up to 400VDC output, 350W sustained

• DC/DC LLC Resonant Converter
• Zero Voltage Switching on half-bridge conv

• Zero Current Switching on synch rectifier. >95% eff

• Quarter Brick DC/DC Converter
• Phase-shifted full-bridge topology

• Planar magnetics and non-linear control for efficiency
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MPLAB® Starter Kit for Digital Power -3
Features:
• dsPIC33CK256MP based
• Independent buck and boost DC/DC converters
• LCD display, status LEDs, temperature sensors
• Configurable resistive loads
• PKOB-4 On-board debugging / programming via USB

Package Contents:
• Board (~ 5” x 2.5”)
• Mini USB cable 
• 9V Power Supply
• Info Sheet with schematic

Part # DM330017-3
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LV PFC Development Board
• Low Voltage PFC
• Vin: 12 - 24V AC
• Vout: 31 - 42V DC
• ~50W Max

• Topology
• Single phase or

Interleaved dual phase
• Firmware for:

• Continuous Conduction Mode
• Critical Conduction Mode (a.k.a. Transition Mode or Boundary Mode)

• Uses DP PIM controller modules
• Companion DC/DC Interleaved LLC Development Board In Development
• Part # DV330101
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Power Conversion 
Stage

dsPIC33 EP

System 
Management MCU

Bi-directional  
Rail A

Power Plant 
Control and 
Monitoring

System-level 
Monitoring & 
Housekeeping / 
Communication 
(AUTOSAR)

CAN Bus

Bi-directional  
Rail B

12V Battery

48V Battery

48V Li-Ion 
Battery

48V 
Supporting 

Drives

Regenerative braking 
systems

48V-based Options:
- Turbo
- Dampers 

48V Generator
/ Starter

48V 12V

Automotive Bidirectional DC/DC Bus Converter
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POWER
Thanks !


