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Main steps in the integration process of the bare dies into the PCB

I —— Cu
1) Glueing of the bare dies on a Cu foll 1) A {  T—Adhesive
/T [~ Bare die

2) Laminating of the inner core 2) - -

3) Laser drilling of chip contacts 3) W w

4) Electrical connection between chip and PCB traces with standard 4)
copper electroplating and structuring processes

5) Multilayer lamination and structuring of the outer layer 5)
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GaN Systems GS66508D

L=0.5nH
cuswm Coc Drain N W W a ) source
Via — 7100 um FR4 \
GaN bare die ! 380 um FR4 F Cate
Screw : I _ 1100 um FR4 Thermal pad
500 um AIN

Cu heat sink—|

Parameter Value

Vps 650 V
Z
| I5 30A
X Dimension 59 mmx 2.2 mm
Height 0.265 mm

Characteristics

= 100 um distance between drain and source

= Commutation loop inductance of 0.5 nH

= Aluminiumnitride (AIN) ceramics as isolation material between the Cu heat sink and PCB
= FR4 Material NPG-B 2116MR 40 kV/mm
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Schematic of the double pulse test Experimental setup

Lo+
v+o——illl Gate Embedded GaN  DC link
terminals bare dies capacitors /4
H ESR I: T l
Phase Lou "'
Upc| ==Coc . -2
Driver I 40 pH
ESL I: LP] [T
Ugs .
Lo. l Auxiliary Scope - Probes
V- ¢ 12V DC - Supply

The gate circuit contains no external gate resistor. The gate resistance consists only of the internal resistance of the

driver (2.7 Q) and the internal resistance of the GaN semiconductor (1.1 Q).
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700
1600 Notes

1500 = 15 Aturn off drain current |

1400 = Simulation software LTspice
1300
1200

1100

—~~
w
|

>

1 1 1 _100
0 20 40 60 80
Results

= In the turn-off switching process of the drain source voltage Vg iS no voltage overshoot visible

= The low short voltage spike at the voltage Vg leads only to a small spurious turn on time of the low side GaN
semiconductor

= The simulation fits very well the measurement
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Layer 1

y Gate Source GaN

FEM-Simulation Drain Source Via

E Layer1i _
. / I FR4 Cu Drain Electric field magnitude
; FUY —Layer 2' _ .

\ i g 18 kV/mm
GaN bare die e ] 7 . f
Layer 3. 100 pmi 13 KV/mm

Im o ~
Z - : : : :

AN
"""""""""""""""""""""""""""""""""" ' ' 564 pm ) i 0 kV/mm

i : 4 kV/imm
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Two plates test structure Result of the Measurement

0.8}
0.6

0.4}

—

V+
Dielectric Material (FR4) (5.8 x 9) mm?

{100 um

0.2
oV
0.1

Cumulative Failure Probability

o
o
o

11 13 15 17 19
Voltage (kV)

O

Results
= Characteristic life n (63% failure) 16.4 kV
= Quantil value (10% failure) 15 kV

= By assuming of a homogeneous electric field between the two plates, the electric field strength corresponds to
E100= 150 kV/mm

n Dechant 241 April 2019



Experimental analysis of the DC breakdown voltage Tu'" Technische | I

i Hochschule
Breakdown voltage of the switching cell Rosenheim F

Technical University of Applied Sciences

Technische Universitat Minchen

Results
= Characteristic life n (63% failure) 14.7 kV
= Quantil value (10% failure) 13.5 kV

0.8} -
0.6 x  switching cell

% two plates
04F

0.2

0.1}

Cumulative Failure Probability

o
o
o

11 13 15 17 19
Voltage (kV)

(o]

= Electric field components E= (Ex, Ey, Ez) in all directions, gives a local higher magnitude |§| as the one-dimensional
field in the parallel plate structure

= The increased field strength leads to a reduction of the breakdown voltage in the switching cell structure
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Results
= Characteristic life n (63% failure) at 125 °C decreases to 3.6 kV
= Quantil value (10% failure) at 125 °C decreases to 3 kV

=) This corresponds to a reduction by 77 %

Arrhenius failure model
Ep
— . okp'T
Vp=A4,-ekB

= |dentical activation energies E, = 0.15 eV at different
failure probabilities

= The physical failure mechanism does not change up to
the T, temperature
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> 1 - - o "
= (0.8} 0 unstressed Test conditions
a8 v O .
T 06} stressed 500h = High temperature storage below the T, temperature at
8 +  stressed 1000h 125 °C
A 0.4} x  stressed 2000h _
o = The measurements were carried out at room
5 temperature
S 0.2}
o
=
© 01}
-
&
>
O 0.05 - o

9 11 13 15 17 19 21

Voltage (kV)

Results

= After the high temperature storage the breakdown voltage increases
= Adensification of the FR4 material leads to a recovery effect of material flaws

= For longer storage times chemical degradation of the material will deteriorate the dielectric electric strength of the
epoxy material
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= The ultra low inductance switching cell with integrated bare dies indicates in the double pulse test no voltage

overshoot

= The small vertical insulation thickness of 100 um between the drain and source and the sharp conductor edges

cause enhanced electric field strengths
= The characteristic life of the drain to source voltage breakdown is 14.7 kV
= Experiments with samples at elevated temperatures indicate a significant decrease of the breakdown voltage

= Material recovery effects were observed after high temperature storage at 125 °C up to 2000 h
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