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This Is Full Digital Power!
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dsPIC33 vs. Full Digital Power
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Digital Power Roadmap

dsPIC33EP128GS8

dsPIC33F)64GS6

64 - 128KB Flash

g 32 - 64KB Flash 8KB RAM
2 4 - 9KB RAM Live Update, PTG, CLC
% DAC, DMA, CAN DACs, PGAs, 2xCAN
S 64/80/100 pins 28/44/48/64/80 pins _4
[7,]
g dsPIC33EP64GS5
2 dZPlizi;JEfo 16 - 64KB Flash
& 0 2-5 2KB F::M TR,

.25 - Live Update

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

18/28/44 pins pins

dsPIC33EP32GS2

dsPIC33FJ09GS3

6 - 9KB Flash 16 éié';i&“h
0.25 - 1KB RAM PGAS
DAC, 40 MIPS onl .
Y 4x4mm package option

18/20/28/36 pins 28 pins

40-50 MIPS 70 MIPS

32 - 256KB ECC Flash,

Live Update, Single Core,
DACs, Op-Amps, CAN-FD
28/36/48/64/80 pins

dsPIC33CK256MP

8 - 24KB RAM BIST,

dsPIC33CK64MP
32 - 64KB ECC Flash
8KB RAM BIST
Single Core, DACs
Op-Amps, SENT
28/36/48 pins

100 MIPS Single / Dual Core

dsPIC33CH512MP
256 - 512KB ECC Flash
48K RAM, 72K PRAM BIST
Dual Core, Live Update
DACs, PGAs, 2xCAN-FD
48/64/80 pi
dsPIC33CH128MP
64 - 128KB ECC Flash
16K RAM, 24K PRAM
Dual Core, Live Update
DACs, PGAs, CAN-FD
28/36/48/64/80 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/0 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

@ MICROCHIP



dsPIC33C Family

Single Core dsPIC33CK

24 KB

250 ps Resolution MEMORY BUS

285 ns Latency dsPIC33C
S

Core
100 MHz

15 ns Response

10 MHz BW

n
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o

Dual Core dsPIC33CH

M 512§KB 72kB M o

MEMORY BUS MEMORY BUS

Main Secondary
dsPIC33C dsPIC33C
Core Core
90 MHz 100 MHz

PERIPHERAL BUS

—

Mailboxes

> M-—>SFIFO

S —>MFIFO
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dsPIC33CH512 MP Main Core
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MEMORY BUS

dsPIC33CH
Core
90 MHz

Main Core’s Dedicated Peripherals

6 General DMA channels

2 CAN-FD (with 2 dedicated DMA channels)
2 SENT

2 SPI with IS support

2 12C with PMBus™ support

2 UARTSs

1 Peripheral Trigger Generator (PTG)

4 Configurable Logic Cells (CLCs)

1 QEl (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

@ MICROCHIP



dsPIC33CH512 MP Secondary Core

Secondary Core’s Dedicated Peripherals

3 12-bit ADCs w/ up to 18 channels ' 16 KB
Data

3 Analog Comparators with 12-bit DACs RAM
3 PGAs (can share with main core) $
MEMORY BUS

8 PWM Generators

4 Configurable Logic Cells (CLCs) Secondary
dsPIC33CH

1 QEI (Quadrature Encoder interfaces) Core

4 SCCPs - 32 bit-timer/Cap/Compare 100 MHz

1 16-bit Timer

-
m
2
o
T
m
2
>
r
o)
c
7

2 Channel DMA

1 SPI with I2S support

1 UART

1 12C with PMBus™ support

1 Deadman Timer
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Main / Secondary Interface (MSI)
Example: dsPIC33CH512

MEMORY BUS MEMORY BUS

Main Secondary

dsPIC33CH
Core
90 MHz

dsPIC33CH
Core
100 MHz

PERIPHERAL BUS
SN9 Tvd3HdI™3d

Mailboxes €

>» M-—>SFIFO

S—>MFIFO [€

Configurable direction for all 16 mailboxes
Configurable interrupt operation for mailboxes & FIFOs

@ MICROCHIP
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dsPIC33CH Family

Pin Ownership Mux

Peripheral Pin Select

o 512 KB 72 KB T6'RE
Data Flash PRAM DMA Data
RAM as RAM

¢
MEMORY BUS MEMORY BUS

Main Secondary
dsPIC33CH dsPIC33CH
Core Core
90 MHz 100 MHz

WDT & DMT WDT & DMT

>

)
=)
m
-
<
14
L
T
o
14
L
o

Mailboxes

M —> S FIFO

S—>MFIFO [€

PIN OWNERSHIP MUX

2021 Microchip =38AE EIRF 4R LTSS &
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PWMS
i

109]9S uld [esayduad
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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

Working Registers
IPLZ |

IPLy | WO
IPLx
~IPLw ' WO WO m W1
Main W0 W1 W2
W1 W2
W1 W2 W3
W2 W3
W2 W3 W4
W3 W4
W3 W4 W5
W4 W5
W4 W5 W6
W5 W6
W5 W6 W7
W6 W7
W6 W7 W8
W7 W8
W7 W8 W9
W8 W9
W8 W9 W10
W9 W10
W9 W10 W11
W10 W11
W10 W11 W12
W11 W12
W11 W12 W13
W12 W13
W12 W13 WIS Frme— w4
W13 | W14
Frame Ptr/ W14

| stack Ptr/ w15 |
Accumulators

IPLz AccA
IPLy AccA —
IPLx AccA —
IPLw AccA —
. AccA —
Main AccB
AD39 AD31 AD15 ADO

Status Register

Pz [ oaloB | salssl oas | sas | paloc
| s8 | oas [ sas | paloc

orloplsalsalonp|sasloaloe
Main | ©a | 0B [ sa[s8 | oas | sas | pa [ocfirieLifieo]ra| N Jov| z | ¢

MSB context selected LSB stacked
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dsPIC33C Family
12-Bit ADC

13

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

Analog
Inputs

Dedicated ADC
Core0

-

AVDD AVSSVREF+VREF-INTREF

T

Voltage Reference Selection

(REFSEL<2:0> hits)

Reference

-t

Output Data | e e e - - ———

Analog
Inputs

—

Dedicated ADC
Core1

-
-t}

Clock |

-~ (

Reference

Digital Comparator 0

|ADCMF’DInterrupt

Analog
Inputs

Shared ADC Core

-
Qutput Data — — H—'
Digital Filter 0 ADFLODAT
> | [Digka Fiter 0}—av] ADFLTROIntermpt

Clock _bl

TaDCANDInterru pt

—t =
ADCANT Interrupt

J——
ADCBUFO
Reference I
- I | aDceUF1
Qutput Data |I _____
l _____
Clock
Divider

(CLKDIV<5:0> bits)

i

Clock Selection
(CLKSEL<1:0= hits)

b

Instruction FRC AUX Clock
Clock

| ADCBUF
| X I ADCANxInterrupt
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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

m Typical Bandwidth (-3 dB)

4x 10 MHz
) 6.7 MHz
8Xx 5.0 MHz
12x 3.3 MHz
16x 2.5 MHz
24x 1.7 MHz
32x 1.3 MHz
48x 0.8 MHz

PGAXx Negative Input [E

r— - — — — —

GAIN<2:0> =6
I Gain of 64x

| $—= g

GAIN<2:0>=5 _I_
l Gain of 32x

— AN 4

I
GAIN<2:0>=4 — 1]
I

|
I
|
GAIN<2:0>=2 —}
|
|

L

AAA [
".//\"/ v—?

VA ——

l Gain of 16x

— A —

GAIN<2:0> =3 ——
Gain of 8x

— _/."./’ "-_/‘ /¢

Gain of 4x

!P—V'—..—’A'-,'/‘ ".~/~ \ Yo |

PGAXx Positive Input @

PGAx Calibrations<5:0>

PGAxOUT
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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

Inductor current sense =

Programmable waveforms:

* 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:

* Upto 1 MHz triangle or slope waveforms

15

Control

Ref

=X T~

Peak Inductor
Current Ref Example

Duty Cycle

@ MICROCHIP



dsPIC33C Family
Live Update

Update firmware in an operating power converter ;
p. .. : P 5P . Live Update 2P2Z to 3P3Z Demo
while maintaining continuous regulation
n’:-';m:‘;"";.r’:::; "’g:s g # 83002 10003/ Stop £ ) 238V

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
AX'=72.356000us

* Continuous analog comparator fault monitoring ke B b
*  PWM output can be truncated due to detected fault in 15 ns (typ) 2p27 i )=0'0V3p32
regardless of stage in Live Update process Compensator —> Updated To—> Compenshtor
* Complete development tools support and example code 1 ——
i@CoxpcI:ing ] BWJLimit I Fi_n]e J‘ Imﬁrt ] Iiovbe I

@ MICROCHIP
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dsPIC33C Performance Example
Digital Power 3P3Z Latency

ADC Trigger Overall Latency PWM Update
¢ Net ISR: ¢
gl 0.89ps  At40% CPU for
ADC compensator:
dsPIC33EP’GS 300 ns Compensator Calculations Samp“_ng
70 MHz 543 ns frequencies of
ISR 500 kHz are
achievable
Net ISR:
0ns 0.57 ps At 70% of
’ Secondary CPU
dsPIC33CH’'MP ADC Compensator am “Z} Ideal
100 MHz 285 ns Calculati PTne for GaN
alcuiations frequencies of
ISR 280 ns ~1.8 MHz are
achievable
>
Latency

@ MICROCHIP
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dsPIC33CH Family
Dual Core Debug

N

MICROCHIP

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

@ MICROCHIP



dsPIC33CH Family Packages
Wide range of packages from 28 to 80-pin

dsPIC33CH512MP508
&L B i

28-lead UQFN (2N) 48-lead UQFN (M4) Family Packages

6x6x0.5mm 6x6x05mm
with corner anchors with corner anchors

(Lead Pitch: 0.65 mm) (Lead Pitch: 0.4 mm)

chnucm:
MiICROCHS

36-lead UQFN (M5) 649Ie%d QOFgl (MR)
5x5x0.5mm X 9Xx mm

with corner anchors (Lead Pitch: 0.5 mm)
(Lead Pitch: 0.4 mm)

N

MicrROCHIP

28-lead SSOP (SS) 48-lead TQFP (PT) 64-lead TQFP (PT) 80-lead TQFP (PT)
102 x5.3 x 2 mm 7x7x1mm 10 x 10 x 1 mm 12x12x1 mm
(Lead Pitch: 0.65 mm) (Lead Pitch: 0.5 mm) (Lead Pitch: 0.5 mm) (Lead Pitch: 0.5 mm)

@ MICROCHIP
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dsPIC33CK Family Packages

Wide range of packages from 28 to 80-pin

28-lead uQFN (2N)
6x6x0.5mm
with corner anchors
(Lead Pitch: 0.65 mm)

o F-

28-lead uQFN (M6)
4x4x0.6 mm
with corner anchors
(Lead Pitch: 0.65 mm)

28-lead SSOP (SS)
10.2x 5.3 x2 mm
(Lead Pitch: 0.65 mm)

=

36-lead uQFN (M5)
5x5x0.5mm

with corner anchors

(Lead Pitch: 0.4 mm)

B

48-lead uQFN (M4)
6 x6x0.5mm
with corner anchors

(Lead Pitch: 0.4 mm)

48-lead TQFP (PT)
7xX7x1mm
(Lead Pitch: 0.5 mm)

Current
sense
amps

D
MicrocHP

64-lead QFN (MR)
9x9x0.5mm
(Lead Pitch: 0.5 mm)

N

MicrocHIP

64-lead TQFP (PT)
10x10x 1 mm
(Lead Pitch: 0.5 mm)

dsPIC33

SVand33y

<« Joltage 2.9mm
regulator 0.9inch

MicrROCHIP

80-lead TQFP (PT)
12x12x 1 mm
(Lead Pitch: 0.5 mm)

@ MICROCHIP
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Digital Power
Development Tools
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Digital Power Development Suite with DCDT

Reference Error

I Compensator
Hc

—

System
Plant
Hsys

Feedback Gain

MINDI

ANALOG SIMULATOR

Hrs

L
Y Y Y\

Step #3: DCDT (Coefficients)

|

Step #4: DCDT SMPS Lib (Compensator) <

N >

Gate Driver

D1

DPWM | Digital <

Digital Compensator + DPWM

Compensator < SIS

.

Kp Control

Step #2: Getting Plant

C ODE
CONFIGURATOR

-

Step #1: MCC (Codebase)
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MPLAB" Code Configurator m

’V/’
* Free Graphical Programming Environment
oy s . From Concept to
* Intuitive Interface for Quick Start Development | prototype in Minutes

* Automated Configuration of Peripherals &
=

Functions I —

* Easy I/O set-up with pin manager a5 T

* Minimized reliance upon product datasheet :

* Reduces overall design effort & time : X
* From Novice to Expert...

* Accelerates generation of production ready code 0o
* 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

MICROCHIP

@ MICROCHIP
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Kp (P-Term) Control

VIN Q:
OCTTLYT
D1
N 4
l/
Gate Driver

| DPWM Kp <
I < Reference

Microchip dsPI1C® DSC

eeeeeeeeeeeee
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eRTC Digital Power Workshop

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

eRTC: ePOWO001 BTN R K 8RR 1E 5% 5T E RS REBR
]

eRTC4E 32825 | https://www.youtube.com/watch?v=QJKyQOH1PG8&feature=youtu.be

N o
ePOWO03 RS BIEIEIR
eRTC4E 322825 | https:/fyoutu.be/4107JoZrUSA

Microchipi% &R &5 S BL/+F B/ ZB(IER=1] -
EREFEUEBUTERSE - ERAMNEPICI6RTIE S » WLALED LightingZRAH P —...

mg&g;;;.@ ePOW004 TR

eRTCEE iEf22% | https://youtu.be/IBTEYhfDFcO

Microchipi% &R E 5 AR/ /BRI ER=1] -
EREFBUZHUTRSE  EHANRISPIC33RSIME » WLMCC + DCOTAEERT...

@ MICROCHIP
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Full Digital Power Implementation

ePOWO004
dsPIC i BB | A S
r w .1 i Vg\l_jiL _ Plant_ L _\(E(L)JT
T o HE
<
GR_ J Feedback
T Lo oo =T |
| T
| | Rf2 I
| —£><— S/H | |
| L _ Y
| |
i o _Microchipasicensc_ ]
= A LL
https://youtu.be/I8T6yhfDFcO
@Mlcnocmp



Digital Power Development Suite with DCLD

Reference Error Compensator System Output
I pH I—} Plant >
C Hsys
Feedback Gain
Hrs
VIN Qu L Vout
Step #2 ~ #4 in ONE S/W Tool: D1 —1 G

PowerSmart™ - DCLD

Gate Driver

<

I
DPWM g— Digital < | ADC><— S/H e
I

Compensator
| £ €—QReference CONFIGURATOR

Digital Compensator + DPWM - e e - = 21 ‘|\v/
____________ |

<€ Step #1: MCC (Codebase)

, ﬁ\ MICROCHIP
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@ microchip-pic-avr-tools.github.io

Visit Release Website View User's Guide

MPLAB® PowerSmart™ SDK
Digital Control Library Designer
Configuration Tool & Code Generator

MPLAB® PowerSmart™ SDK for Microchip dsPIC33® Digital Signal Controllers

The MPLAB® PowerSmart™ SDK is a Software Development Kit (SDK) comprised of multiple, individual stand-alone tools for system
definition, system modeling, code generation, control system fine tuning and real-time debugging of fully digital control systems for
Switched-Mode Power Supplies (SMPS) supporting Microchip Technology's dsPIC® Digital Signal Controllers (DSC).

The major scope of this tool set is the rapid design of a digital power supply control stage rather than the power supply itself. This
allows to simplify the design process to models based on interconnected transfer functions. These transfer functions are defined and
configured in individual configuration windows. A transfer function can be based on generic Laplace-domain functions, being
calculated at runtime or being defined by external data coming from network analyzer measurements or other third-party simulation
tools such as MATLAB, ScilLab, Simplis/SiMetrix, LTSpice, etc.

2021 Microchip (= XY HE By 1 04k e
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PowerSmart™ - DCLD Introduction

¥ PowerSmart - [New PowerSmart Project.psproj]

File Edit Tools ?
EER2 5 R0 C ODE
Project Explorer CONFIGURATOR 2

MPLAB® X Project: FDP_LabX.X «/
=53 MPLAB X IDE Project J v

=% Power Supply Control MPLAB® X Project Projecties have been loaded successfully

{5 voltage Mode Control (vMC) X I D E Step #1: MCC (COdebase)

-
S
o

©
q

S,
®
2]
(=

-
><
>
X
E
F

Component Library

__________________________________________________________

: [pa— MPLAB® X Project Directories
Add or remove component libra ! 1 : 3
to/from your project. | : MPLAB® X Project Location: I\\Mac\Home\Desktop\Working Folder\PowerSmartReview\Example Code\Full Digital Power\FDP_LabX.X\ l I |
LS _l
Active Project Configuration: -
Power Supply Con
i jon: | \Makefil
ElAverage Current Mode Co | (ACMC) Makefile Location: SNEREIRC
&Apeak Current Mode ContrdPCMC) Active Target Device: dsPIC33CK128MP206

@Voltage BEEE it Common Include Path: OLED_PIC16; mcc_generated _files; dcdt\vmc\dcdt_generated_code; Lib; DCLD;

Special Include Path:

L Assembler Include Path:
Description

Single, discrete Voltage Mode Control (VMC) loop Default C Include Path: A\ N

controlling the output of a single power stage.
Default Assembler Include Path: A v

[J Always reference include paths to Makefile location

/ Status: MPLAB® X project loaded successfully

@ MICROCHIP
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) PowerSmart - [New PowerSmart Project.psproj]

File Edit Tools

BERA %
Project Explorer

P

Dlacl D

=53 MPLAB X IDE
=-& Power Su

Component Library

Add or remove con
to/from your proje

Pow
@Average Curr
Hipeak current
gVoltage Mod

¥ Import Transfer Function

ANALOG SIMULATOR

-

Data Series Name: [VMC Plant Data Series Name: |VMC Plant |
File Import  Bode Plot Step #2: Getting Plant File Import Bode Plot
A [ soierioseion
Data Source !
) - - - k- Frequency: Hz | Magnitude: GI dB Frequency
Filename: |\\Mac\Home\Desktop\Working Folder\PowerSmartReview\Example Code\Full D|g| [ |
Series Header Row: I:l
' Data file has been selected. Data Start Row: \
/ oatat ' SRR (RS ER RN A
v/ Data file has been parsed successfully. Column Separator: [<COMMA> v \
v/ Valid name for the new data series has been ! 30 %0
specified. Phase Rotation o - P -
) _ e Magnitude/Gain
@® No Rotation ” 5 . ‘\\ N e
O Rotate by -180° L \ \ T i i
O Rotate by +180° o R LI
c NI L
pty) o 210 X 30 =
2 \
100 21.62018411 166.2357428 ~ %o \ \ 55
102.0895159 21.088645356 163.5828554
104.234215 21.64467619 167.2569357 40 » 120 Phase
106.418088 21.30840238 164.857718
108.647716 21.19904329 163.6599071 VRE 50 150 Min :
110.924058 21.16797592 167.5429661 ‘
113.248094 20.95997998 165.380709 e 60 -180 Max :
115.620821 21.26479162 164.2172737 ontroll 100 1000 10000 100000 1000000
110 NADNET A1 NAYYACEC 1£7 CANROAN pe D' °
s \/MC Plant (M w=== \/MC Plant (Phas: . .
! Import Data ant {Men) o el Show/Hide Data Series
l Apply ] \ Close ’ | Apply ] [ Close

¥ Import Transfer Function

Description

Single, discrete Voltage Mode Control (VMC) loop
controlling the output of a single power stage.

/ Status: MPLAB® X project loaded successfully




) PowerSmart Digital Control Library Designer v1.9.14.683 - [\\Mac\Home\Desktop\Working Folder\PowerSmartReview\Example Code\Full Digital Power\FDP_LabX X\DCLD\New PowerSmart Project.psproj] — X

File View Tools ?

B2 & & 21 < % 2 ] (2] : ; :
e . A7y 5 % : MPLAB® X Project: \\Mac\H Desktop\Working Folder\P SmartR E le C
Save || Coefficients Bode Settings Timing Refresh Charts || Configuration || Update Code Export Files || Help oot A e et
Controller. _Source Code Configuration _Advanced _____ __ Freq ock Diagram Source Code Output Info

=
,” Development Tools @/ dB | Phase: 8| ° | Phase Errosion |0 i

|| Hz | Magnitude:

B X | ¥ Reset Scales

!
} [ use pP-Term Loop Controller for Plant Measurements
| : i i : 180 Frequency
| 23 a .
| | 1237] POWERSMART f i : : o b ol
‘ - DEVELOFPMENT SUITE i F 3 :
; | X ii i i . Stop: 250k | Hz
} I 32765.0 : : : : Points: |40 ©
| | 30— i i ! o Magnitude/Gai
‘ o . 3 i agnitude/Gain
\ Step #2: Getting Plant 8 ! :
e o N W "
1 ]
[ Enable Feedback Loop Gain Modulation (AGC) & % 10 ii / e B 20 Max dB
= L — : \ : / puca:
: - : - \\_'_r_ \ ! o X
Add Enable/Disable Adaptive Gain Control (AGC) % " i: H s H 2 > Div: dB
Add Observer Function Call before Modulation = / ! \ ' 2 Phase
S =g ! s ! [0
Optimize AGC Modulation Factor Accuracy @ g / i i \ Mii o
I )
-20 -60
[0 Add User Extensions @ i ; \ ; "
Start of Control Loop ® : : : \ :
Add Function Parameter -40 \ -120 Options
i i i
After Reading Source ® us i: : \ 3 %Es M Unwrap Phase
Add Function Parameter i i \ i [J show s-Domain
o -60 — L L -180 [ show Legend
Before Anti-Windup @ 100 1000 ] ]
Add Function Parameter g i Copy Bode Data
. requency [Hz
Before Writing to Target ®
Add Function Parameter y . .
—— Gain (z) —— Phase (z7 — Pole Locations —— Zero Locations
End of Control Loop ®

Add Function Parameter
Filter Coefficients

Number Analysis Settings History

Cascade Function Call @

Add Function Parameter

Coefficient Float Bsft-Scaler Scaled Float Fractional FP Error Int UInt Hexadecimal Binary A
Please Note: A-Coefficients
Execution time of user functions being called during the control Al 1.681403575237150 -1 0.840701787618576 0.840728759765625 0.003% 27,549 27,549 Ox6BIDFFFF 0b01101011 10011101...
loop execution is not included in the Control Timing Analysis A2 -9.480813159799046 -8.961626319598093 -8.961608886718750 -0.002% -31,510 34,026 Ox84EAG0QL 0b10000100 11101010...
A3 -0.200590415438105 -0.802361661752421 -0.802337646484375 -0.003% -26,291 39,245 ©x994D0002 0b10011001 01001101...
B-Coefficients
B0 23.106724903141200 -5 0.722085153223164 ©.722106933593750 0.003% 23,662 23,662 @XSCEEFFFB 0b01011160 01101110...
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3p3z Controller Configuration Code Example
EE R AR R AR R AR AR AR R R R AR R R R R R R R R R

The following code example covers all user-defined configurations of the
control object 'VCOMP' required to run the recently configured controller.

Please note:

This is no executable code and serves only as template for the integration into
a proprietary firmware project. You can copy & paste this entire code example
to your code project by clicking the 'Copy to Clipboard' above or pick specific
section by selecting a text section and pressing <CTRL>+'C’.

Once code has been copied to user code, each setting has to be configured by
replacing the placeholders <[data type]> in each code line by your individual
configuration values.

This code example only lists configurations of features which have been selected
in this tool. Enabling/disabling code generation options may also change the
contents of this code example. Unused options are EXCLUDED from this code example.

EEEXXXXEXXXEREE |

Pole 2: Hz Zero 2: 801.57| Hz 24: // standard Include Files
25 #include <stdint.h> // include standard integer data types
26: #include <stdbool.h> // include standard boolean data types
27: #include <stddef.h> // include standard definition data types
28
29i // 3p3z Controller Include Files
30: #include "VCOMP.h" // include 'VCOMP' controller header file
31
32: volatile uintl6_t VCOMP_ControlObject_Initialize(void)
33} {
34 volatile uintl6_t retval = 0;
35
36 /* Controller Input and Output Ports Configuration */
37
i 1] FanEliminn Fandeallan Nealmamir Tomods Nans

// Auxiliary variable for function call verification (initially set to ZERO = false)

MPLAB® X Project: \\Mac\Home\Desktop\Working Folder\PowerSmartReview\Example Ct

Copy to Clipboard

B Include unused settings

Step #4: Compensator 2

MPLAB

POWERSMART"
DEVELOPMENT SUITE

-

>WRITEBACK delay: 1057.14285714286 ns

>timing chart update completed successfully (6@ ms)
>CPU clock setting: 100 MHz

>Execution period: 1020 ns

>DATA READ delay: 260 ns

>WRITEBACK delay: 74@ ns

>timing chart update completed successfully (43 ms)
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16-bit digital signal controller (DSC). The height limit for this design is §|

docs @ microchip-pic-av

epc9143-avme.X
images

In DC/DC brick power module application, there is a continuous push
given a fixed form factor. This reference design supports up to 300 W [ .gitignore

output current at output voltages of 12V, peak efficiency of >95%, and|
W/in3 and demonstrates how dsPIC33C® DSCs are used to fully exploi (3 LICENSE.txt

README.md

changelog.md
Releases 2

open-help.bat

README.

S\ MicROCHIF
Packages

EPC9143 300W 16th Brick Power Module Reference
Design Firmware

Contributors 2

###2-Phase Synchrol s Buck Converter with Advanced Voltage Mode Control and Current Balancing** O areiter128 A
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Coding & Programing W|th

MPLAB X IDE v5.50

7 f |

M e . & (@ PC:0x0 oabsabdadcnovzc| : Howdol? S [x]
Projects | Files = | startPage KRN B2 =
MPLAB A8\ MicrocHIP
o O Open Project
LAB® X IDE | WHAT'S NEW
“7 epc9143-power-advanced-voltage-mode-con... [ (& -~ =
““ docs Project Name: Y MPLAB® X IDE
®=lepc9143-avme.X epc9143-avmc
~ images
Open Required Projects daten)r o easy
ing.
<No Project Open>
Papers
File: yower-advanced-voltage-mode-control-main/epc9143-avmc.X _ 's during the build process. This i

File Format:  propject Folder o Cancel

2 Q search Results

@ MICROCHIP



Coding & Programing With xice

B ES =

A .

MPLAB X IDE v5.50 - epc9143-avmc : EPC9143_R40

@ EPC9143_R40 [ BEF - %- |> - %‘- %Em' @ B-@@ g 8 éPC:OxO oabsabdadcnovzc éHowdol'I

Projectsf?’] Files l Services l Classes |

=
= | startPage 1 [(E] mainc @

&4 epc9143-avmc
() Header Files

(7) Navigator

Categories:
© General

@ File Inclusion/Exclusion
=]

E‘ @ Loading
©  Libraries
< Building
o XC16
@ XC16 (Global Options)
© xcl6-as
it | o xcl6-gcc
- R
€ @8 o xcl6-ar
[= < Analysis
B
(7)
&
T
=
_®
T Manage Configurations...

Source History '@

Q~ Search (88+1) (%}

1 L]
2 Fi -
3 ( 06
4
5 « Created on July 8, 2019, 1:52 PM
Project Properties - epc9143-avmc [ ] [ ] Project Properties - epc9143-avmc
arc
Configuration Categories: i .
Family: Device: © General b sl e
- Py ~ @ File Inclusion/Exclusion Option categories:  Power & Reset
All Families < dsPIC33CK32MP102 < o Conf: [EPC9143_R40]
Connected Hardware Tool: Supported Debug Header: lo¢ j ing Power target circuit from PICkit 4
PICKit 4-SN:BUR185074022 B showAll None pt ° ries Voltage Level 3.25
ilding
XC16
Packs: © XC16 (Global Options)
[ dsPIC33CK-MP_DFP xcl6-as
& 1.5.135 xcl6-gec
~41.6.176 xcl6-1d
xcl6-ar
Analysis
Compiler Toolchain:
XC16
If you select an option its description will appear here.
Manage Configurations...
Help Cancel Apply Unlock OK Help Cancel Apply Unlock OK

(5 Q Search Results
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Coding & Programing With

[ NON } MPLAB X IDE v5.50 - epc9143-avmc : EPC9143_R40
E] % 5 @ - EPC9143_R40 ? [@ |> %’ Q} Nﬂ . @ @ [= -] pC: Ox()} ‘oab sabdadcnovzc‘ How do I? Q- Search (8¢ +1 (%]
(©) | Projects @ | Files | Services | Classes Start Page 0 %] main.c € KNEN K3 =
5 (& epc9143-avmc Source | History 1 B-H- Q7 F | @ = 3]
E () Header Files
2 = 18 /# n
s common R
2 E config 2 * File: nain.c
3 * Author: M91406
© ] main.h s e . -
tasks 5 « Created on July 8, 2019, 1:52 PM =
(& 1mportant Files s L .
(3 vinker Files 7
() Source Files 8 B #include <xc.h> // inc
(@& common 9/ | #include <stdint.h> /
config 10 #include <stdbool.h>
= 1
E tasks 12| - #include "main.h"
(& Libraries 13
14 volatile bool run_main = true; // Flag allowing to terminate the main CPU
Loadables !
15
16 #define TMR1_TIMEOUT 30000 // Timeout protection for Timerl interrupt flag bilt
17 volatile bool LOW_PRIORITY_GO = false; // Fla owing low priority tasks to be executed
18
19 /* PRIVATE FUNCTION CALL PROTOTYPES =*
20 volatile uintl6_t sysLouPr].orxtyTasks Execute(void);
""9143"“"“‘ Dashboard0_| @ volatile uintl6_t __attribute__((always_inline)) sysHighPriorityTasks_Execute(void);
25 3epc9143 avmc 22
@@ g Project Type: Application - Configuration: EPC9143_R40 23 &
@® Device 24
= @ dsPIC33CK32MP102 25
@ i Checksum: OxF15B 26 ¥ [ a main functior ice comes out of R
@ EB CRC32: 0x6AF55210 27 * @return nteger (@=failure
&8 Packs 28 * @details
&8 dsPIC33CK-MP_DFP (1.6.176) 29 * 5 r
& Compiler Toolchain 30 *
°{_f XC16 (v1.70) [/Applications/microchip/xc16 /v1.70/bin] 31
U Production Image: Optimization: gcc 1 32 *
“d' Device support information: dsPIC33CK-MP_DFP (1.6.176) 33 *
(& Memory 34 *
(&) Data 8,192 (0x2000) bytes 35 x a) Confi the f ts
11% | Output & | Notifications
Data Used: 886 (0x376) Free: 7,306 (0x1C8 = = = - - -
5 Program 11,904 (0;2580) 3~ords ( A Configuration Loading Error ©*  Project Loading Warning ©*  PICkit 4-epc9143-avmc &  epc9143-avmc (Build, Load,..)
47% ]
‘ Program Used: 5,543 (0x15A7) Free: 6,361 (0x18D9) Calculatlng memory ranges for operation...
%4 DebugTool e — -
it a- \
@ PICKit 4: BUR185074022 " Erasing... 3
1 1
% Debug Resources . . : The following memory area(s) will be programmed: :
g Program BP UfEd'O Ff“' 8 | program memory: start address = @x@, end address = @Ox2fff 1
Data BP Used: 0 Free: 3 I configuration memory !
O Data Capture BP: No Support 1 :
imi . 1
&' Unlimited BP (S/W): No Support \ Programming/Verify complete 1
N e e e e e e e e e = = o o = = = = = —— /l
38| | INS

) Q search Results
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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

@ MICROCHIP
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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 TDTTP4000WO66C-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 30Q

Gate ferrite bead 200Q @ 100 MHz
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EPC Evaluation Kits With dsPIC33

# epc-co.com

About EPC~

Evaluation Kits

Careers Products

search

- Applications~ Design Support~

Selector Guide

DC-DC Conversion

GaN Talk

Events and News ~

FAQ~

Featured Bill of
Number Description Vour Product Schematic | Gerber | Materials

Contact~

EPC9157 300 W 1/16t" Brick Evaluation Module 18V-60V 12V EPC2218
EPC9143 300 W 1/16'" Brick Evaluation Module 18V-60V 12v 25A EPC2053 n § U Buy N
300 W Bidirectional 1/16™ Brick Evaluation | 18V - 60 V (Buck) 12 V (Buck) 25 A (Buck) -
EPC9151 PC21 Buy N
Module 12V - 15V (Boost) 48 V (Boost) 5.5 A (Boost) EpC2152 “ § U
20V - 60 V (Buck) 140 A (Buck)
- 5V-16 V (Buck) T
EPC9163 | 2KW 48 V/12 V Bidirectional Power Modul 1.3V-16V 140 A (Boost | EPC2218 B
idirectional Power Module 20V - 50 V (Boost) : (Boos | -] g U
(Boost) input)
I 20V -60V (Buck) | 5V-16V (Buck) | 125A (Buck) T
PCO137 | 1. ; B
EPCO137 | 1.5KW 48 V/12V Bidirectional Power Module | 17\, 46 sooch | 20 v - 48 v (Boost) | 29 A (Boost) EPC2206 [ -} : B
1KW 48 V - 12 V LLC 1/8" Brick Evaluation EPC2218 -
EPC9149 36V-60V 12v 83A A V
EPC9148 | 48V - 19V Ultra-thin, Multi-level Converter 44-60V 19V 125A EPC2053 [ -] : [ Buy N
EPC9153 | 250 W High Efficiency, Thin Buck Converter 44-60V 12-20v 125A EPC2218 i [ Buy N
EPC2001C
- 5 \
EPC9118 48V to 5 V Buck Converter 30V-60V 5V 20A EPC2021 [ -] H [l Buy Now |
Bidirectional 50 W (Boost) / 60 W (Buck) 48 V (Buck) 12 V (Buck) 5 A (Buck) - 7
EPC9162 EPC2052 B
Evaluation Module 12V (Boost) 60V (Boost) | 0.85A (Boost) L : B
EPC2020 .
th B N B Y
EPC9115 48V to 12 V /8" Brick Converter 48V-60V 12V 42A EPC2021 [ -] : [

\ — )

2021 Microchip &
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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

e 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

e 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

*Royalty-free when used in accordance with Microchip’s licensing agreement
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MPLAB® Starter Kit for Digital Power -3

Features:

e dsPIC33CK256MP based

* Independent buck and boost DC/DC converters

e LCD display, status LEDs, temperature sensors

e Configurable resistive loads

* PKOB-4 On-board debugging / programming via USB

- 99900000

Package Contents:
Board (~ 5” x 2.5”)
Mini USB cable

9V Power Supply

)
F LUl L

O

O

Info Sheet with schematic l%f::i Ty
e Mi

1 3 3
RESET . DM330017-3 % = Al

. ev 3 B o
MPLAB Starter Kit for dsPIE33CK256MP505

Part # DM330017-3
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LV PFC Development Board

Low Voltage PFC

* Vin: 12 - 24V AC

* Vout: 31-42VDC

* ~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

@ MICROCHIP



Automotive Bidirectional DC/DC Bus Converter

12V Battery

Regenerative braking
systems ‘ / 48V Battery
48V Generator W 7 ' »
/ Starter Y 4 a 48V Li-lon
Battery

Power Conversion

. Bi-directional Bi-directional

48V-based Options: Supporting Rail A Stage Rail B

- Turbo Drives

- Dampers p P

dsPIC33 EP ower Plant 912V
Control and
Monitoring
System System-level

Monitoring &

Management MCU Housekeeping /

Communication
(AUTOSAR)

CAN Bus
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May The Power Be With Y

KNOWLEDGE IS f
POWER T hanks

ve power density in the smallest packages
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