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Scientia potentia est — Knowledge is power
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https://zh.wikipedia.org/wiki/%E6%8B%89%E4%B8%81%E8%AA%9E
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Power is Knowledge (AC ? DC? ADC? DAC? )
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Actions Speak Louder than words
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 ESREVRIEEERET - M RIS R SR - —(10W/ A
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Step 1 ~ Spec define

> FIRELL— S 1ENB{E FHY120W adapter RG] - EHH SEEZEOERNVIHEE » K&
TEE AR J—*EZ*E? %%Eﬁﬁi“ TAEm/ZRE ~ B AAC

REHISH > BH

socket ~ FLECRR

- FHRTIFE $Huﬁ - HHEEJR ~ Peak Load ~ fREE(E

OCP/OVP/OTP) N %IEEMC%_J{ H—-H-.

IE B R
FABEKIEE 90 ~264Vac (50/60Hz)
ShER 2T 123*45*67 mm
TERZEE -10°C ~ 40°C
#) AAC socket Cl14
B ER 19V+5%
B E 6.3A
BRI Follow DoE level VI & CoC Ver. 5 tier2
FEINE 0.15W
Peak Load x 2 (50mS@1sec period)
{RE(Z0CP/OVP/OTP) Latch / hiccup
ZIBEEMCEK IEC62368-1
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Step 2 ~ Topology decide

o O FHHIYZERE—MEA Flyback » ACF(active-clamp flyback) kz HB-LLC T]7EEEE o (HAH# Y H taprlZHyA
K > Flyback 288 B (RAVFF A ZVA 2028 > 6l N EYACF JZHB-LLCHEER A 2ZERY - {H=% B ACFIERR N
SRETEESINT o d2E FHHB-LLC Ry EE R AN PRI SRR -

« FEETEIREELENE > RERGTEMERE 0 — I DUTERERY A KREUEE A [E PR SR ES 2R
T R FEERTICE T HATE o FILATE i ADPR >75W o B aBER S 44558 25 H (Total
harmonic distortion)YFE>K » F5 P A —%k PFCARES - J7RE M C B Z0K -

" FULL Wave PFC ' Pri. I Sec. Converter
Rectifier Block ; Block
i

Bulk Cap.

. - ” S/R MOSFET
Bridge diode - PFC choke - 100uF/450V ‘ LLC X'frm - 9/0A/60V‘2 +19V/6.3A
10A/600V PQM35/14V V_PFC=390V EFD 31.4/34H 120W
' L)
Controller

EMI FLITER PFC MOSFET Feed LLC MOSFET
- .- - - Regulator
I l I i feedback
AC INLET PFC Controller PFC Controller — Isolation
(C14) Opto-coupler

|
INPUT: 90~264VAC/6.3A | @ MICROCHIP
50~60Hz
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Step 3 ~ Circuit/Layout/PCB/SMD
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TR B E AN layout TAZRMEAC & ARG K 5E L > DAL FI120WHYadapter &S -
— 2 dC A layout TAZEM LA A 2 LA AR A1 U7 Ae FR A 2 A 1Y 58 i ¢RI PCB -
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FE0EUSD $2007/ A AIGEEE B 1] PAEEE10™15 pes PCBA A | » HfTa&a THVETH My 1 B dHE -
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Step 4 ~ Functional test/Fine Tune/Assembly
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PowerSmart™ Design Suite

Design Tools
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PowerSmart™ Development Suite
The Fast Way to a Working Power Supply

* Create MPLAB X project I e
* Select device, compiler version, etc. =11 - t =
 Configure device using MCC GUI - —
\ =]

* Adds main.c to project, setup clocks and dividers e i
* Configure ADC channel, pins, trigger source, interrupts —————
* Configure PWMs including when to trigger ADC

* Add example code snippets
* State machine, timing loop and soft start

* Create P-Term loop measurement code using PowerSmart DCLD
* Use GUI to configure source code such as anti-windup clamping

REFERENCE [ ]

nnnnnn
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* Measure poles & zeros of plant }}

SWAP TARGET!
MaX TARGET
ALT TARGET 01
MIN Ll ADC TRIGGER A"
- {1 ADC TRIGGER B 1)
NCTION TRIGGERS A-E )

DATA OUTPUTS A-D1Y

| Status and Control Register |

* Use PowerSmart DCLD to generate final compensator assembly code

STATUS CONTROL
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MPLAB"® Code Configurator (MCC)

Use with PowerSmart Development Suite

MPLAB™ X IDE

MPLAB Code
Configurator

Graphical programming environment that
generates easy-to-understand code

Code
Examples

A

Digital Compensator Library Designer

* Automatic configuration of peripherals

* Reduces overall design effort

Resource Area ‘ Composer Area ‘

Pin Manager Area

*  Minimizes references to product datasheet CrOE T R — =
- F i — LTI
* Intuitive interface for quick start = E =S
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Digital Power Design Examples

Speed Development / Reduce Risk
Royalty-free microcontroller and application-specific

hardware and software designs

Starter kits

Development boards / EVBs
Reference designs

Code examples

Application notes

Digital Compensator Design Tool

_AlRepConlext2Sabug:

CTHETSWE #li2 | Swap to Alernate W-Reg 52

- Wi register used for compensatar control reference

mov #AOCBLUF3, wi ; Address of ADCELF3 register
mov #CMPZDAC, w2 . Address of CMF20AC ragistar

L W-wS wsed for AGCAX and MACMPY instructions

mov BEO0ET_COMP_2P2S FOSTICALER, we
moy #FECOST_COMP_2PZ7_FOSTEHIFT,  w?
mov #_honsiCptions, wi
mov # honstABCoefficients, wa
mov # boostErrorConfrolHistory, wid
moy #BOOST_COMP_2P2Z_MIN_CLAMFE, w11
moy BBOOST_COMP_2P27_MAX_CLAMP, wiZ

CTRTSWE # | Swap back ta main register st

return

MPLAB™ Code
Configurator
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MPLAB® Starter Kit for Digital Power -3

Features:

* 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

Package Contents:
* Board (~5” x 2.5”)

* Mini USB cable

* 9V Power Supply

* Info Sheet with schematic

$199.99

Order # DM330017-3
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Digital Power PIMs

e Building blocks for Microchip’s digital power development boards
* Controller easily swapped out for evaluation of various dsPIC33 family members

* Flexibility for prototyping with PCBs that use this standardized DP PIM connector

* Features
* |CSP™ programming header
* On-board LDO with Power Good (PG) function
*  Micro USB connector
¢ MCP2221A USB to UART/I2C serial converter
* Edge connection for analog inputs/outputs, PWM outputs and GPIO ports

* Test point loop for DAC output
Available DP PIMs Part Number

dsPIC33EP128GS808 MA330043

dsPIC33CH512MP508  MA330049 Available today @ $49 each
A8\ MicracHIP




Digital Power Development Board

* Uses new Digital Power PIMs

* Micro Elektronika mikro BUS Socket
* PWM & GPIO Test pins

* Analog Input test pins

* BNC Connector

* Analog potentiometers ” _ g
« Push button - " A “HT 9 %

* Solder pad- Scope ground connection

* Prototyping field (2.54mm raster)

Part Number: DM330029 S11

SR AR S
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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 Available Soon

* Part#DV330101 $375
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LV ILLC Development Board

* Input working voltage range: 38 - 42 VDC A s ] b.c:F-E- g 6
* Max. Output Power: 30W per phase AP OREC R B | dlL
A L — =¥ Tk ( o
e Maximum Switching Frequency: 1000 kHz rem i Ls WMp=n | <L c\' f"".'s
: N R R WSSl | Meroomw o
* Test Points for outer loop measurements T E [BEYESEERC T < 2 IR s gl )

* Protection circuitry
* HMI Interface (Push buttons and two LEDs)
* AUX Connector

e Supports UART communication, GPIO, Analog input,
DAC signal output and 3.3V analog AUX supply

e Uses DP PIM controller modules
 Companion LV PFC Development Board also available

* Part # EV84C64A (available soon)
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Four-Switch Buck-Boost Development Board

* Input Working Voltage Range: 8 - 18 VDC
* Max. Output Power: 20W

* Four-switch power converter with gate drivers:

* Left Leg-Buck, Right Leg-Boost

e Output current shunt amplifier

R351 D350

o) WO . . - -

TP310 TP320 339
O 'O &=
o [/ -

e Test points for outer loop measurements
* HMlI interface (push buttons and two LEDs)

* dsPIC33-DSC DP-PIM socket with test points at the | B2 =
edge of the board | " I L »g\

jfi§ MICROCHIP
*Y  4SWBB

o
©

* Input filter, overvoltage protection, output filter

e Uses DP PIM controller modules
© 0 © O

. 4
TP132 TP141 TP142 TP100 TP101 TP102 TP103

. oo
* Part # EV44M28A (available soon) e . A i .

@ MICROCHIP



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)

1KW 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

) §

*Royalty-free when used in accordance with Microchip’s licensing agreement
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ZVS FB Peak Current Mode 750W AC/DC Ref Design

Topology

*  Semi-Bridgeless PFC

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

* Advanced algorithms
* Variable bulk voltage
* Variable switching frequency

* Non-linear control
« PWM frequency jitter routine to improve EMI
* Active inrush control
* Live Update
 Communication (UART, 12C)

Output Power: 750W
(12V @ 62.5A)

* dsPIC33CK-based Phase-shift full bridge with peak current
mode control version of this design is in development

@ MICROCHIP



Automotive Digital Power Applications
DC — DC Bus Converter

16

48V

Generator

/ Start

00W DC-DC Bus Converter 48V <-> 12V

Four-phase synchronous buck topology
Non isolated DC/DC converter

Microchip Components:

Controllers: 2 x dsPIC33EP64GS506 EMI | a0

nput Voltage Filter
Switching frequency equivalent: 348kHz "> sis

1600Wmax@48V
Reverse bias protection on both rails A AU PS
Dimensions: 188 x 127 x 40mm e

5V, 2V5- Analog
12v
Battery

48V Li-lon

er

48V Mechanisms:
- Turbo
- Dampers

12V Sense
48V Sense

PWM 1&2
CS1&2

Digital Signal Controllers

FET Driver Dual Non-inverting
Switcher Buck 2V to 15V
Switcher Buck 2V to 24V

VREF 2.5V

LDO 5V

FET Driver Single-Non-Inverting
Temperature Sensor

OpAmp 1-Ch 2.8MHz

dsPIC33EP64GS506
MIC4104YM
MCP16301T-E/CH
MCP16331T-E/CH
MCP1525T-1/TT
MCP1804T-50021/0T
MCP1402T-E/OT
MCP9700T-E/TT
MCP601T-I/OT

Daughter Card
dSPIC33EP

Synch

Uart (12€)
GPIO

Filter 12v
Phase 1
Swich Input Voltage 12V
Current Sense 8V...14Vdc
j&hm 1600Wmax @ 13.8V
120A max
Phase 2

12V Sense

48V Sense

PWM 3&4
CS3&4
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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
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