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INTRODUCTION 2

Rapid Prototyping is more affordable and accessible than
ever

CNC Machining 3D Printing Laser Cutting & Etching
Selective Sintering
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INTRODUCTION

What about Rapid Design?
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Automate Streamline Focus
Repetitive Design Manufacturing Engineering Time
Tasks Transfer on New ldeas
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OUTLINE
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Power
Packaging

Design
Automation

Manufacturing
Transfer

Power Semiconductors

Packaging Challenges

Opportunities

Parametric Modeling
Simulation Studies

Software Automation

Physical Prototyping
Tooling

Documentation




Power Packaging




INDUSTRY NEEDS 6

# of Cycles
Temperature
Maintenance

* Energy Storage
« Charging Speed
+ CO, Emissions

/

* Reliability
+ Voltage Isolation
* Fault Response

* Power Density
« Efficiency
* Heat Transfer

AN

$3 per Watt
System Benefits
Economy of Scale
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POWER SEMICONDUCTORS

Band Gap can

(eV) SiC

Breakdown can

Field Strength (MV/cm)  SiC

Thermal Cond. ecan

(Wlem=K)  SiC
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POWER PACKAGING 8
ELECTRICAL

THERMAL MECHANICAL

ENVIRONMENTAL
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CHALLENGES

* [solation .
e Clearance .
» Creepage .

Function
Reliability
Material Properties

N\ VOLTAGE TEMPEERATUR

Losses

* Weight & Volume
Current Density = J APPLICATIO @  Efficiency
Ampacity N \\ - EMI

SWITCHING ENVIRgNMEN
* Losses

o dv/. &
e Qvershoot
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Humidity & Moisture
Ambient Temperature
Vibration & Shock



ADVANCED SOLUTIONS 10

Silicon Carbide
Power Devices

High Performance
Power Packaging

Drivers, Control, &
System Designs
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Design

Automation




THE NEED FOR AUTOMATION

12

Modular & Scalable Power Products

Modifications
must be:

These repetitive
Verified tasks often take

Tooled considerable

Prototyped engineering time

Documented
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DESIGN CYCLE 13

Ml Valve | A ==
X | 5[mm] “‘ J_ E=—j—_ ::——E
Y 300[A] .."’ o— = —?- =
Z | 50[kHz] . ’ O e
+ Data table * Import selections + Performance « Data driven * Update model + Initial builds
* User interface * Build geometry * Sweeps * Trends + Part numbers + Soft tooling
« Software neutral < Generate mesh * Optimization * Reports « Tooling, etc. + Verify function
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PARAMETRIC MODELING 14
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PARAMETRIC EXAMPLE 15
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SIMULATION APPLICATION

rEGm s

ﬁ ASC\Q

BROND PARAMETERS

) Mon-lanar

“ bbon

MATERIAL

N | Aluminum
() w
P AMBIENT =
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Shout
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TIPS AND TRICKS 17

Design Intention Variables & Functions
S, 5 X o— o
—
@ = F XX Sl (CONN- 3 €4
Clearly Stated Input & Flowcharts for Necessary Limit Driving Infer and Toggles, Logic Suitable
Purpose Output Lists Planning Complexity Variables Derive if & Look-Up Default Values
Possible
Modeling Practices Simulation Setup
B vae | — =
X | 5[mm]
Y | 300 [A]
Z | 50 [kHz]
Align Planes, = Symmetry and Design Reference Reduce Level Variable Mesh  Temperature Accessible
Not Features Patterns Tables Sketches of Detail Density Dependencies User Interface
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EXAMPLE 18

mm--- @ E}* ©\

Switch Position
Optimization

Automated
Goal Seeking
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SIMULATION APPLICATION

¢)
Actions
p »
0 AKX 4
Geometry Mesh Solve Sweep Thermal Field Plots  Report CAD
Model Results Export
—
—
SWITCHES
Cree 1200V, 25mQ MOSFET - Max
LENGTH WIDTH ~ THICKNESS ~ NUMBER
6.44[mm]  4.04[mm]  0.18[mm] 7
DIODES
(Cree 1200V, 50A Diode -
LENGTH WIDTH  THICKNESS
@ O
49(mm]  49(mm]  0.38[mm] 0:,
THERMAL
N {Culdplale -“Mediumperfurmance -
\“l‘ PERFORMANCE FLUID / AMBIENT
0.0125[degC/W] 25[degC]

Model | Advanced | Power | Results |

SWITCH THERMAL RESISTANCE
0.104 °c/W

DIODE THERMAL RESISTANCE

0.126 °C/W
per switch position, die maximum to base plate maximum

PACKAGE RESISTANCE
0.4 mQ

V4 to V- terminals, @ 10 MHz

LOOP INDUCTANCE
4.4 nH
CAPACITANCE
—l— 303.3 pF, 383.1 pF, 240.5 pF

About

.
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SIMULATION APPLICATION

Surface: Temperature (degC)

Surtace: Electric potential (v

Wolfspeed.
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Die Temperature vs. Number of Deviees
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Manufacturing Transfer




TRANSFER PROCESS 22

&%

O
> >
Prototyping ‘) Validation {) Finalize Transfer

+ Initial builds + Testing * Optimize » Drawings * Inventory + Hard tooling
+ Soft tooling * Quality + Sign-offs * PDM import * Processing * Process controls
+ Verify function * Repeatability » Ordering * Travelers + First articles * Qualification
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PROTOTYPING EXAMPLE 23
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TOOLING EXAMPLE 24

(.)J SF Filter All Fields

[E Cree 900V, 10m0 -

Value / Equation Evaluates to Comments £ [ oK J
e e
“n_input” < UserInput Mumber of Devices. Will adjust if too many. e
“diode_toggle_input” ] [} 1if yes, 0 if no
fl “diode_toggle” = IIF [ int [ "diode_toggle_input™}=1,1,2] 2
I “max_w" 71 [
“max_|" 7
SW_W' F15 Help
“swe_|” =
dw
gap
“n_max_sw"

n_max_swd”

“n_sw"
“n_swd_check”
“n_swd” = L&
“gap_sw" = [ "max_w - n_sw
“gap_swd" = [ "max_w" - n_swd"* Tsw_w - |
I=I Features
“Switch & Diode” = IIF ( "diode_toggle . ‘unsuppressed”, "suppressed”]
“Switch & Diode (Array]” = IIF [ "diode_toggle ., ‘unsuppressed”, “suppressed”) “suppressed
“All Switch” = IIF | "diode_togagle . ‘unsuppressed”, "suppressed”) “unsuppressed”
“All Switch [Array]” = IIF | "diode_toggle™ = 2, "unsuppressed”, "suppressed”) “unsuppressed”

=] Equations - Top Level

‘D2@Available Area” = "max_w" Timm
"‘Di@Available Area” = "max_|" Tmm
"D1@5witch Dimensions” = "sw_w" F.15mm
‘D2@Switch Dimensions™ = "sw_I” 4.3mm A
s v arimel” — e 17 A Tmm
'_}Autgmati(auy rebuild Angular equation units: | Degrees v| DAutomaticso\\re order

|| Link to external file:

N
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DOCUMENTATION 25

pert | Rend 4 S -~
S — A
—— — = 3
Wolfspeed Wolfspeed MXpress E ‘
Example i herson o = <« Compare X
Power Confact ACREECOMPANY ALCREE COMPANY | =R 5 2l el
) i
Requested by & @ © Volume comparison
Brice McPherson Wolfspeed, A Cree Company Process Trave I Ier = @ Material to Remave
- E:’:Iupmenf Engineer i S‘ﬁw RaIEEaAn;t\ ;J;;Ute;r Blvd ] = - Malereits it
R3.00 Shil Power Contact Atta Brice McPherson 5/10/2016 BN cormn volume
Description Sign Off Date [ Keep bodies on close
Attention to Add to Power Contact
i John Doe Company Name Process Step(s) Description Intials [ add to Power Contact 2
s Job Title Company Address i
5 ohn doe@companyname com Town, State, and Zip Code: —HEC SRRSO
% R1.00 555-555-5555 1(A) Example process description. B.R.M. el o
o
°
g Quote(s) Requested
g Description Drawing Number Quantity 1(B) Inlspect [.)an.fﬂrlexample i B.R.M. Keep colors on dose
= Discard if criteria not met.
5
[
8 Power Contact A PM_PC_0A.1 1000
all Example process description.
ui
g 2 Use tooling #55555. BRM.
Power Contact B PM_PC_0B.1 1000
Example process description.
3 Run "Program XX" and log data. B.RM.
Power Contact C PM_PC_0C.1 1000
4(A) Example process description. B.RM.
Power Contact D PM_PG_0D.1 1000 i - e
nspect part for example criteria.
4 (B) Save images in product folder. B.R.M.
]
Tooling / NRE nfa 1 Sl s B
9 Note(s) Good filleting, low voids. ole Sizes
it

N
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Your CAD software is more powerful and
capable than you may expect

Rethinking how you model your designs can

save youl M ELISIOMS

Automating repetitive design tasks is an
extremely effective method to support existing
products and create new ideas
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