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Current Power Electronics Design Process

Requirement Compliance | bt js very cost-intensive.
Specification Testing

Prototype
Testing

... but is very time consuming.

Specification

Component

Selection
() .
\L |

... but customers' requirements might be unsatisfied.

lterative design process, that
always leads to a solution ...

... but the solution is never optimal.

but keeps specialists unnecessarily engaged.
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Role of Measurement

Requirement Compliance
Specification Testing

Design
Specification

Prototype
Testing

Subsystem
Testing

Component
Selection

Device Benchmark &
Component Selection

System Verification

Simulation

-N—-—J#

Search for Driver Settings

Model Generation
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Switching Losses
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Switching losses are dependent on many parameters

- Testing close to application
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Testing of Inductive Switching
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Testing of Inductive Switching
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Testing of Inductive Switching
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Testing of Inductive Switching
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Influencing Factors
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Stray capacitance load inductor C;,
Stray inductance power loop L4
Diode Characteristics

Junction Temperature T ;

Stray inductance gate loop L, g
Gate resistances Rg

Gate driver source impedance Z;

Gate voltage levels V5, & Vg

W o N ok N e

Load current I

10. DC-voltage V/p¢
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Load Inductor Stray Capacitance
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DC-Link Stray Inductance
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Testing of Inductive Switching - Standard
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Parameters of Interest

Turn-off energy E g Short circuit collector current lets)
Turn-on delay time td(on) DC body diode forward current lsp
Turn-off delay time tacott) Pulsed body diode current lsopuise
t Roson
Fall time te Module stray inductance Lo
Maximum peak voltage during turn-off Upax
Maximum peak current during turn-on I . . 1o
EfmmEEE AT ~ Static characteristics ™
Reverse recovery charge Qpr R o
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Reverse recovery energy E.. /% v_ __________________ i / s S o
g £
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Double Pulse Test - Use Cases

Device Benchmark &
Component Selection

Automatic Model
Generation

|

: —

System Verification Search for Driver Settings
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Influencing Factors

@ 1. Stray capacitance load inductor C},
Q 2. Stray inductance power loop L

3. Diode Characteristics

Q 4. Junction Temperature T;

xternal turn-off gate resistance</D

efaultvalue: Q 5. Stray inductance gate |00p LO’,G
Gate resistances R
Gate driver source impedance Z;

Gate voltage levels V5, & Vg

Load current I
Q 10. DC-voltage V/p¢

21.8275 25.5177 30.8442 34.6073 39.2068 43.8427 48.5151 53.2248 57.969.
33.1687 40.8859 46.8913 53.8170 60.7831 67.7894 74.8361 81.9230 89.85@

23.1383 94 33.0487 38.0688 43.1274 48.2270 53.3666 58.5464 63.7662<
36.4768 64 51.5884 5%.1987 66.8614 74.5684 82.3197 98.1153 97.955
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Influencing Factors

version='1.8" encoding='UTF-8

xmlns version="1.1
class="MOSFET" wvendor="UnitedSiC" partnumber="UF3C120846HYS @ 1. Stray capacitance load inductor CL

type="MOSFET .
ype="M0S @ 2. Stray inductance power loop L
Table only

1.8 12.7 23.7 34.7 45.7 56.6 67.6 T8.6 89.6 180.5 111.5 122.5 3. Diode Characteristics

9 BAO.0

—55 25 175 .

- @ 4. Junction Temperature T ;
P00B00O0A0 @ 5. Stray inductance gate loop L, ¢
.B8578614716463 S5687.914535308536 oub. 2484337635925 T79.968398313693688 926.8809U3Y ’

Q 6. Gate resistances Rg
8
583.658972 613.5205928080862 729.1418120080802 849.3932279999 Q 7. Gate driver source impedance Zs
e @ 8. Gate voltage levels Vg, & V;_

7.46834914062443 353.7629696082881 445.933659848TETY S543.2038297T688323 645.5734817
Load current I

Q 10. DC-voltage V/p¢
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Use Case - Model Generation

Accurate measurements allow
better device models

Automatic generation possible
Quality metrices can be developed
and applied (accuracy information)

IGBT module: Simulated vs. datasheet switching energies
@R_g=2.20hm,T_j=125°C
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Use Case - Design Verification

Measurements on real setup for For design of controller’s circuit
verification purposes simulations are quite simple (ideal
Allow further optimization but in switch and look-up table)

the region of model uncertainty The commonly used look-up
Close of “control loop” points out tables described in XML files can

shortcomings in modelling be generated according to
Shortcomings can be adressed operation parameters

and models become better Improved accuracy
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Measurement equipment
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Probing

Signal __________lProbe

| i Pow/e/['ModuIe Ves He ZHD
e Y [ Rogowski / Infinity Sensor / Shunt + ZHD
iG,H_S._ S |E N | VDs Hs YDS,HS ZHD .
Vosys | Ib Hs Rogowski / Shunt + ZHD
Vas.Ls ZD10 / Any passive
Ic.Ls ZD10 + Shunt
iG,l;E:_ S |E E | VDS,LS VDS,LS ZH 10/11
VesLs | IbLs Rogowski / Infinity Sensor / Shunt + ZD10
/
} Ipis

Further options possible
Selection depends on DUT (configuration and performance)
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Automatic De-Skew

De-skew issue

No or not enough de-skew I
Ups D

Rising edge of I
Falling edge
of Vg
P too low

switching

K
UDS

Too much de-skew
A’\

Pswitching too hlgh

Right level of de-skew

E S i E SW|tch|ng correct

S
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Automatic de-skew
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Automatic De-Skew Realization

/

Result (single point):  Atskew: 13.4 ns \
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Statistic de-skew: At ow: 14.92 ns \
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Summary

Key Take-aways

1) Measurements will help you speed up and improve your design process

2) Measurements lead to a more solid design with less uncertainty

3) Measurement automation can greatly reduce measurement effort

Outlook

» Accurate data & models allow to use simulations for model synthesis
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Contact
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Dr. Jens Schweickhardt

Landwehrstral3e 55
64293 Darmstadt

e
dh
9 PE-Systems GmbH

Jens.schweickhardt@pe-systems.de
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