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1-1 Scope of Power Electronics and Reliability

Electronics
Reliability

ontinuance Sampled
Data

Analytical
Physics

Control

Power Electronics Power Electronics Reliability
by William E.Newell in 1970 by CORPE in 2010

The center addresses a better understanding of how the reliability of power electronic
devices and systems is influenced by different stress factors such as temperature,
overvoltage and current, and overload and environment. @itergratech”




1-2 High Quality PE Design Flow

Specification

Topology Investigation

-Simulation Library

v -Circuit Symbol
. . Components Select -Footprint
Mechanical Design s Breviae PCB 3D
— -Transformer, Inductor €
Altium Designer -Capacitor
-Controller IC, Drive IC f
— —— . SIMetrix}{SIMPLIS
Circuit Simulation g
Maxwell 3D Parameter
. Loss Calculation Change
FEM - bl 0
Efficiency, Performance
Design Database
I
Monte Carlo, DVM (Design Valid$ion Module) Worst case analysis
Statistics / Sensitivity Analysis & Optimization ifitedgratech”



1-3 State of Reliability Design Procedure
for Power Electronics Systems

[ Concept } — RedesignT /

T .’ | { Optimized
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Reference: IEEE INDUSTRIAL ELECTRONICS MAGAZINE JUNE 2013




1-4 High Quality Desigh Methods

-Safety factors / derating, -worst-case analysis

-Six sigma design, -Statistical design of experiments

-Taguchi design approach

design approach tests the effect of variability of both control factors and noise factors

-Mission Profile

)

-Component Information >
-System Information J
-Testing Data ]
-Field Data >

-Simulation Data

)

[

Reference: IEEE INDUSTRIAL ELECTRONICS MAGAZINE JUNE 2013
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2-1 PER
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2-2 Switching Mode PEZ Simulator

-Switching 2|2 E 1% 9 Z Simulation 7}
-SIMPLIS

-1989 DukeCH St 0| M ATRTEEC 2 7. S Xl = Transim

SPICEA|SIMetrix2} & BHet SiMetrix/SIMPLIS

SIMPLIS->System Level & 1152 & SIMetrix->17d T

Switching2| 2 & *E gtst system?2]| AC 5| A 0| 7=

-SCAT
-1992 ShojoCH €1l Nakaharail 3= 7l &
-Switchingd & off &/ 2 A&

-PSIM
-1995 British ColumbiaCll €t 1! (Canada)Of| A 71 &
-PEE. ™X}A|soft IMAGRt HM 7S

-System2| Hybrid‘d, -System?2| Nonlinear’d
-Switching2| =A|, -stiff
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http://www.simplistechnologies.com/

I SIMetrix /STMPUS

o ML » CIRCUIT SIMULATION SOFTWARE FOR POWER ELECTRONICS DESIGNERS

http://www.simetrix.co.uk/site/index.html

Versatile Circuit Simulation

S Smvietrix User suppors
TECHNO EOGEES +44 (0)1635 866395
Home Products License options VWhy choose SIMetrix Support About us Contact us

Used by the world’ s leading

electronics compan |es e

http://www.igtech.co.kr/
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Simulation Software for Power Electronics
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When SIMPLIS? When Spice?

« Spice iIs optimized for:
— Circuits that can be linearized around a DC operating point
« e.g. Op amp circuits, ...

— IC circuits where Spice models can relate device parameters to
process parameters

« SIMPLIS is optimized for switching systems that have:

— Very fast switching transients and relatively large amounts of
energy storage

+ e.¢g. Closed-loop switching power supplies, Switched
capacitor filters, Phase-Locked Loops

http://www.simplistechnologies.com/docs fitsReratech”



SIMPLIS makes Virtual Prototyping Feasible

« For closed-loop switching power supplies,
— Vastly superior speed for transient simulations
« Typically 10X to 50X faster than Spice
— Vastly superior convergence properties
« Convergence ceases to be an ever-present concern

— Ability to quickly find steady-state and do AC analysis for circuits
that have a stable steady-state limit cycle using only the large
signal time-domain model — no derivation of an average model
required

... make Virtual Prototyping Feasible

http://www.simplistechnologies.com/docs
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2-3 SIMetrix/SIMPLIS 7| =

SIMPLIS 2| Simulator 7| 'S

-Transient Analysis (TX) : Transient Waveform

-Periodic Operating Point (POP) : Stead State Waveform
-Frequency Analysis (FX) : Bode Diagram

-SIMetrix2| Simulator 7| &
-Transient, -AC Analysis, -DC Sweep, -Noise Analysis
-Transfer function, -Monte Carlo Analysis, -Pole-zero Analysis

-Verilog Co-Simulation
-Analog Circuit2} Verilog-A % Verilog-HDL2| Co-Simulation X| &

-Script Edit
-DVM(Design Validation Module)
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2-4 PEO]| CH St Simulator=2| CH*H

-Switching 2| 2 = X|2| CHAH
-Switching Device Model 2| Level{1El(1,2,3)
-H al'st Dynamic Model -> &' Ej*H # 2t vodel
3 =HABE0| Moy
-SPICE  : S EHoHY
-SIMPLIS : 2 El tH =5[] A4
4R EY HYY
-Tapezoidal
-Gear-2

% g k=g s
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3-1 Main Components of Power Electronics

Item Parameters
Ideal Device Ron=0, Roff=c0, Von=0, Tsw=0, Cpar=0, Lpar=0
Switching Diode Vf=0.3V ~ 2V
Device MOSFET 1mQ~10QQ, Vds=10V~ 1500V
IGBT Von=1.3V~3V, Vces=200V~ 1700V
Energy Storage | InductorL 1/2LIN2
Device Capacitor C 1/2CVA2
Lose Device Resistance R RIN2
Control Device IC Amp, Drive, DSP, FPGA, ASIC...

-
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.
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Piecewise Linear Components (SIMPLIS)
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3-2. Device Model

-Device Model(SPICE Model)

MXESHENEE +85758)8 H7|H Hs &5
-SIMetrix2| Device Model+= SPICE’|Z.
-SIMetrix/SIMPLIS 2| Components= 34| F7}%|

-Genric Components

RCL, DC/AC Source, ADC, DAC, Digital Generices
2= Al Gl
T = =

Non-liner Transfer Function, Laplace Transfer Function

Multi Level Modeling(SIMPLIS)
Level 1 : Ideal

Level 2 : Stability Analysis

Level 3 : High di/dt Load Transient

imtergratech™




3-3. Device Model

Diode PWL Mo de ’ WL tran3 (€:\Dacuments and Settings\twikseniily Documentz\DATASTRS ... [ |[E5)1K]

Ae Edk Cursors Annotsta Curras Axes View Maasure Plot

il trand (Cr\Decuments and Settings\owilsenMy Decumenes\DATAST!... [ |[5][5K]

Fla Edt Cursars annotate Curves Axes Vew Measure Pt
S aaqankdl HER FLUER R FET PWL Mode’ D Ra anMEE EEE /LT n e
I- O] Dve D W [ iD ve wD SIMPLIS (sl trnd) - : z "z: e .,
| iD ve vES SIMFLES gamola_trand)

tand vGS_ A0 | band VG5 Z(FT) | nd WGS YT} || trend vDS_3 (Y1) | frandiDwe viE|

+ Three-segment

1

SIMPLIS diode * V » Two-segment SIMPLIS /
model (green) iD vs. vGS (green) 1z
« Compared to Spice » Compared to Spice /
model (red) - model (red) i /
- Fit optimized over - Fit optimized over E /
4A — 8A range E 33% - 100% of Imax 5 /
/
N —Channel MOSFET SIMPLIS Model
DRAIN Dﬁi’” Dﬁiv

i ']
—iF eoe
| - Y gl —

+ aat GATE EEE

cae W l ®] = T e T

[-l. res os Beny \\l T
L J L —

CGS: Linear Capacitance soRcE

CGS: Linear Capacitance
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Model Accuracy

« Accuracy of Physics: the Physics behind the equations that describe
semiconductors

— Spice - very accurate
— SIMPLIS — piecewise linear behavioral approximations
« Accuracy of Parameters: the value of the constants used in the model
— Spice — mere mortals cannot typically create their own Spice models
— SIMPLIS — models are based on data sheet info and can be created by
average user in ~20 minutes
« Accuracy of solution of circuit equations:

— Spice — in order to get practical speed, Spice must accept more
numerical error (RelTol) per computational step

— SIMPLIS — takes advantage of piecewise linear system to get extremely
accurate numerical solutions of circuit equations

http://www.simplistechnologies.com/docs
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SIMPLIS

« Because SIMPLIS can get extremely accurate
numerical solutions to the circuit equations:

— SIMPLIS can solve numerically for the steady-state limit
cycle of a closed-loop switching power supply very quickly

« % change in all state variables from beginning to end of one
conversion cycle < 101 %

— SIMPLIS can perform a small signal analysis on the full
large signal model of the power supply (no need to derive a
separate averaged model)

http://www.simplistechnologies.com/docs
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4. PE Example

-Non Insulation type
-Buck type DC-DC Converter
-Boost type DC-DC Converter
-Boost type AC-DC Converter
-Insulation type
-Flyback DC-DC Converter
-Full Bridge DC-DC Converter
-Single Phase DC-AC Inverter




4-1. Buck DC/DC Converter Design
Base on the SIMetrix/SIMPLIS Simulator
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4-2 Base on the Altium Designer

Using SIMPLIS Simulator
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4-3 Single Phase AC-DC Converter(SIMetrix)
-Average Current Control Method
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4-4 Flyback DC/DC Conv.
Design Base on the Altium Schematic
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4-5.Base on the Altium Designer
Using SIMPLIS Simulator(1/2)
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4-5. Base on the Altium Designer
Using SIMPLIS Simulator (2/2)

Bill of Materials For PCE Document [Full-Bridge Converter.PcbDac]
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4-6. Development of Single Phase Inverter

Using SOGI PLL Control Method
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4-7. Control IC Design & Hierarchy Structure

[

vvvvv

-

VARIABLE C

RRRRRRRRRRRRRRRRR

Function / Feedback Block

Control IC

-Simulation Library
-Circuit Symbol
-Footprint

-PCB 3D

Footprint & PCB 3D
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4-8. Monte-Carlo Analysis
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4-9. DVM(Design Verification Module)(1/2)

-AC Analysis
Bode Plot, Conducted Susceptibility, Input Impedance,
Output Impedance
-Transient Analysis
Step Load, Step Line, Startup, Short Circuit
-DC-DC, AC-DC Steady-State Analysis
POP(Periodic Operating Point)(Only DC-DC),
Line and Load Regulation, Efficiency, Power loss
AC Analysis(Only DC-DC), Input/Output Impedance
-Sensitivity / Worst Case Analysis
-Audit Circuit for Worst Case, Definition
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4-9. DVM(Design Verification Module)(2/2)
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DC/DC Converter Efficiency Test Plan
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