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High frequency power conversion High Johnson FoM of GaN and SiC
enables to reduce size and weight of shows their abilities to operate in
power converters : high power and high frequency
. T converters :
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High power density of WBG devices JFM = ( - )

enables to optimize packagings :

Accurate WBG device models
including packaging

- characteristics are required to

better predict high frequency

operation of power converters

GaN

Systems




Influence of packaging interconnections for a 3-terminals transistor :
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|. Calibration Procedure for S-Parameter Characterization

1. Characterization Fixtures for the WBG Devices Under Test
2. Open-Short Calibration
3. Characteristics of the Calibration Fixtures

Il. Access Parasitics Determination of Packaged WBG Devices

1. SiC Schottky Diode
2. GaN HEMT with 3-terminals
3. GaN HEMT with 4-terminals
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.1. Characterization Fixtures for the WBG DUT —

* Transmissionlines on PCB :

On-board SMA connectors

18 GHz 500 V Ground plane

w=3mm
s=1.5mm
h=1.6mm

Ground
planes

« 1-Port S-parameter characterization for 2-terminals devices :

Cathode Ground Anodeto
VNA S, Port 1 Plane Ground

SiC Schottky Diode ~ ort1
IDDDD04G65C6XTMA1 '
650V / 8A V4




.1. Characterization Fixtures for the WBG DUT

« GaN HEMT with 3 terminals :

—
NS Sty Say Gate
" Port 1
GaN HEMT
650V / 8A VNA 521 VNA i
GS66502B Port 1 < ~ Port 2 Source to
512 V Ground

« GaN HEMT with additional Kelvin Source :

Drain
Source
GaN HEMT \V 5, YV  toGND
650V / 30A 5
GS665088  VUNA < VNA
Port 1 912

Port 2 |
VYV Kelvin Source to GND



1.2. Open-Short Calibration s

Line to cathode Linetoanode @ = === ====-—-===—-—-~+ =

Y, : Coupling between
line and ground plane

Ground plane Zl’ ZZ and Z3 .
transmission lines
Line to gate Line to drain |mpedances

Y3,Y,, Ysand Yy :
Coupling between
transmission lines

GND

> Calibration standards are requiredin order to getZ
parameters ofthe DUT



l.2. Open-Short Calibration

GND Zy Ys Z,
a P,
Z Y3
H Yo Y, Y Yo
YO ZZ Z3
Simple impedance calculations to Matrix calculations to get

- getthe Z parameter of the SiC - the Z parameter of the GaN
Schottky diode HEMT




1.3. Caracteristics of the calibration fixtures
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Transmission line parameters :
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Il. Access Parasitics Determination of Packaged WBG Devices

1. SiC Schottky Diode
2. GaN HEMT with 3-terminals
3. GaN HEMT with 4-terminals



I1.1. SiC Schottky Diode

Equivalent circuit in off- Biasing system:
state and reverse bias :
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I1.1. SiC Schottky Diode

3

10%; ;
* Measurement
) —Datasheet | * Diode capacitanceis
PR ’ characterized with this
o i
S0 method up to 200 V
2 e _ « Good accuracy for the
~ P | capacitance extraction
1 | | |
09 50 100 150 200

Extraction of parameters :
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I1.2. 3-Terminals WBG Power Devices

Equivalent circuit in off-state Equivalent circuitin Cold FET
(VGS — OV, VDS — OV) : (VGS > VTH, VDS — OV) .
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Inductances extraction : > _
1 Inductances extraction :
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I1.2. 3-Terminals WBG Power Devices

« Characterization of a SiC N P r—— 1 r
. *GE
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I1.3. 3-Terminals WBG Power Devices

Access resistances extraction 1 | : M;asa_re;n.;nis‘
with the Cold FET technique : —Moieling
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I1.3. 4-Terminals GaN HEMT

Gate Lg R — aYa'a :

Power
source

Kelvin
source

Proposed characterization method :

» Resistances: Cold FET 2-Port S-parameter measurement between G-D-PS

* Inductances:
« 2-Port S-parameter measurementat V., = 6V between G-D-PS
« 2-Port S-parameter measurementat V., = 6V between G-D-KS
* 1-Port S-parameter measurementat V.. = 0V between KS-PS



I1.3. 4-Terminals GaN HEMT
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Conclusion of the talk :

« Test fixtures and adapted calibration technique for wideband characterization

« Betteraccuracy of Cold FET than Off-State measurements for devices prasistics
extraction

* |nnovative method to characterize packaged transistors including Kelvin Source

Future work :

« Improvement on the short calibration to separate packaging from PCB
connections parasitic effects

 Use of ADS software for advanced validation of the characterization method
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