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Background and Motivation
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Power Module Design

Traditional Multi-Chip Power Module (MCPM) Design:
Multidisciplinary

Employs multiple tools

Computationally expensive and iterative

| Thermal Performance |

| Electrical Parasitic |

| Mechanical |

| Reliability Constraints |

_— —-
op view
| Performance Analysis |
Power Loss Calculation

Side view

Transient Simulation

EMI Analysis

Uspice The field of Very Large-Scale Circuit

MATLAB L7 :
SIMULINK® Integration (VLSI) has developed many
=2 |\ | o+ Pismmm techniques for solving similar problems
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PowerSynth Introduction

Cabinet
Export & Solution  Solution Netlist Simulation Export Solution EMPro i
Simulation Browser Database Exporﬁng Interface Functions API ANSYS b EDA tOOI MCPM deS|gn
» Multi-objective layout
Optimization| Genetic Machine- Simulated- Pre/Post-Layout Optimization Matlab s :
Toolbox Algorithms  Learning  Annealing Optimization API " Scikit-Learn optlmlzatlon
1. * Reduced order models
ayou Electrical Thermal Reliability ~ Partial Discharge Model Matlab
Evaldation |  model T et el APl T parapower * Pareto-front of tradeoffs
» Design export
Layout Constraint Connectivity Layout Geometry 1, Gmesh
Synthesis (DRC) (LVS) Generation API Elmer
Object-based layout = MFG Design Embedded scripting Material |
Datafinput representation Kit (MDK) environment API AR

PowerSynth 2
Design Flow
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Expanding PowerSynth Results

e PowerSynth optimizes for
tradeoffs in :
* Electrical performance
* Thermal performance
 Mechanical reliability

* Maintains design intent by
altering trace geometry and
device positions

Automatically synthesizing
module artwork for given design

criteria would lead to an expanded
solution space in shorter time
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PowerSynth Optimization Results
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PowerSynth optimization results with selected
layouts from the Pareto frontier shown to scale
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Proposed EDA Tool
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Proposed EDA Tool Overview

H Hierarchical
* NetlISt tO layou_t Power Electronic Converter
* Annotations drive: Physical Design
* Terminal locations
» Device count/rating S —
* Placement, routing, and modularization parameters
* Synthesizes modules and their interconnects to [F'°°rp'a””‘”9]
hierarchically form converters [S - Cﬁl - ]
witcning Ce eneration
e Export designs as 3D models or PowerSynth projects | v :
[M:Q.dt;ule; Comp@Sltlon]

[Converter-LeveI Interconnectionj

3D rendering of synthesized 3-Level ANPC inverter from two
ZI)VIEE RSS  modules with laminated bus bar interconnects
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VLSI Design Flow

‘ Testing and Packaging ’

Fabrication

Verification

‘ System Specification

y
Architecture Design

Physical Design

4
‘ Circuit Design ‘—)‘ Synthesis
Floorplanning HW Clock Tree Synthesis ’—){ Signal Routing

VLSI physical design steps

‘ Partitioning Timing Closure
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VLSI Inspiration: Circuit Partitioning

 Splits a larger circuit into smaller subcircuits or modules

* Aims to minimize the number of interconnects among
modules

I\ cuL\ DO_ :DO_‘! %—_,— G

- F
I \‘. T G dul
| . module 1 module 2

Do — | .
| DO_ \“cutz — —1® -4
el Sl

(a) (b)
(a) Example circuit partitioning in VLSI with two cut lines shown. (b) Resulting

:JMB Pism SOWER modules formed by the cutlines in (a).
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Circuit Partitioning for Power Electronics

* Power circuits can also be partitioned to realize different
arrangements of modules

* Concept can be extended at different levels of hierarchy to realize
non-standard module designs for larger converter designs

DC+
d DC+ L. -

' (a) (b)
| Various ways of partitioning a 3L-ANPC inverter into half-bridge modules (a,

m”BMB %IEEE — b) or two custom modules (c).
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Floorplanning of Partitions

Converter Level

e Uses recursive Fidducia and
Mattheyes (FM) bi-
partitioning to split converter
design down to switching cell
level in O(n) time

* Minimizes the number of
interconnects at each step

* Hierarchical tree structure
can be used as binary slicing
tree for floorplanning with
associated design string
specifying horizontal or
vertical cuts at each level

* Module depth used to
determine cutoff for
routing/bus bars

Module Level

‘\Switching Cell GenerationJ

Routing Groups =

(Converter-LeveI InterconnectionJ
- =

é

Switching Cells

(a)

M5

= pels : . L), .
=IVIES %W Hierarchical partitioning of a 3L-ANPC inverter (a)
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Building Modules and Determining Fithess

* Placement and routing
techniques used to create
routing groups and then
modules

* Legalization minimizes
geometry description while
ensuring feasibility

e Simulated annealing employed
to guide design string toward:

* Routability

e Path length between selected
terminals

* Overall footprint
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Module Composition

Legalization

Hierarchical
Power Electronic Converter
Physical Design

A

Partitioning

Floorplanning

[Switching Cell Generationj
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Example: Half-Bridge Layout Synthesis
e Half-bridge module layout
with 2 paralleled devices per

m —
o P it =)
e Synthesis constraints: F F I = -
y. T)C+ and DC-f)n Iefi H|J= hﬁﬁ"lﬂlh

* AC output on right n

* Optimize for minimal % . 1_’_ ln-g Em

wirelength from DC+ to DC-

+ 55 anique ayouts many [ e e oy 1

synthesized in 18 minutes

Trace Net Color Key:
DC+ DC' ACOUt Gatengh

=IJIVIES Pis 24 variations of the half-bridge module layout
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PowerSynth Integration

° Synthes'zer excels at Creatlng Converter Synthesis PowerSynth
new layouts from minimal inputs i,%\l
artitioning
* However, lacks design . PR
optimization based on electrical (Flooreanming
and thermal models (Switching Cell Generation
* Integration with PowerSynth Module Composition
enables fast:
* Generation and optimization of
multiple layout variations for each Us=Rowersynint>
synthesized design @
* Electrical and thermal tradeoff . Refimben
evaluation using tested models <
[Converter-LeveI Interconnection]
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PowerSynth Integration Results for a Half Bridge Design

* Using PowerSynth: o ptmized in Powersynth -
* Generate 15 layouts for each of the 55 S 200 - Layout
synthesized designs (825 data points) 2 -
] o
* Compare with 100 variations of a single, % 180 - o 43
manual design 5 o * 20
. . N £ 160 Ry ° 2
* Optimize for tradeoffs in max junction o + e 21
temperature and loop inductance (DC+ to DC-) 5 1404 .-fﬁ-’ +
* Boundary conditions: 5 4}
= 120 -
* 10 W/device power dissipation £ % \-k#H:I_:
e 150 W/m?/K heat removal Rl R “ee .
\ N
Comparison of Pareto-optimal results for each type 10 \20 30 \4'({ 50 60
| nductancgH)
16.6 124 Synthesized @) Manual
12.7 106 Layout Layout
DIVIE pds Graph Key: Synthesized layouts and variations Iil
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EDA Towards Converter Design
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Converters from Synthesized Modules

DC+ Lower Module Upper Module

3

Hierarchical
Power Electronic Converter
Physical Design

? v

Partitioning Cl _|

Floorplanning M5

[Switching Cell Generation] _| _|

t-..

s

I

S
Upper Module

|

L Out Selected Trace Net Color Key:
e o —r— DC+ DC- ACq,,

L.Bu.s; Out

[Converter- Level | nterconnection]

Lower Module

DC-

3L-ANPC inverter partitioned into Synthesized module layouts (above)

DIVIE P“JS two custom modules anq the Iamlnatgd bus bar-structure
e Al fets e interconnecting them (below)



Potential for Area Reduction

37,696 mm?
r .IA
I
I 12,240 mm?
| S A
I S
b S
I = S
: 3
| v
L .Y
<
3L-ANPC inverter from 3 standard 3L-ANPC inverter from 2 custom
62 mm half-bridge module module layouts
packages.
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Conclusion

* Introduced a new tool for hierarchical power converter
design inspired by VLSI techniques

* Netlist to layout
* Fast generation of original design artwork

* Integration with PowerSynth for detailed optimization

e Using tool with PowerSynth produces richer solution
space in less time than single manual design

* Hierarchical implementation provides inroads to high-
density converter design automation
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Thank you!
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