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« Why d-mode GaN in general and particularly D°GAN platform?

» Original solution that brings the best combination of performance, cost and robustness

for HV automotive applications

« D*GAN products

» Available products and system demonstrations.

 What's coming up next?




D-mode for HV automotive applications visIc(X)

Robust and optimized solution for reliable high-power applications.
Better performance by utilizing the pristine 2DEG formed during epi growth.

. And specifically D°GaN
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Requires standard positive gate driver.

Switching characteristic determined solely by the GaN i
device.

Easy device paralleling - key for higher current
application.

Isolated high power SMD package with very low
junction to heat sink thermal resistance

Cost effective solution, relying on GaN-on-Si. b o i

~ AC Charging Pole
= (2kw - 100kw)
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D°GaN: circuit operation VisIC(X)

= Only the GaN device is switching. The Si device serves only for enable.

= When Vaux is absent - UVLO protects the device by closing the enable Si device.
The d-mode is open, D1 clamp the Vg to GND, and the raising voltage on the
source - turns off the GaN device. Sef/f protected topology.
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D°GaN: gate robustness

Insulated structure (MIS) that prevents leakages, which may lead to

defects and failures.

Optimized field plates to prevent excessive E-fields, specifically near

the gate. Leads to shorter pitch, and lower specific resistance.
Operational conditions which provide excellent margins; therefore,

we can switch faster.

Gate current versus Vgs[V] depicting operational region and gate breakdown

D3GAN Operation
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Forward Gate Comparison

@ D3GAN

® E-mode

10 20 30 40

VG (V)

Source is fixed at 15V and
the gate switching is
between OV and 15V.
Therefore, operates with
elevated gate energy: less
susceptible to injected
charge



D*GaN: static & dynamic BV

= The overvoltage and surge energy
robustness of GaN HEMT devices
is a key issue recently identified by
the JEDEC JC-70.1 committee.

= Static and dyn BV differ due to
trapping profile and

VisIC(X)

!Center for Power Electronics Systems
Virginia Polytechnic Institute and State University
Blacksburg, VA, USA
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Practical consideration: surge energy withstand capability

characteristics.

= D3GAN exhibits the highest max
surge energy effectively x2 from
the second-best d-mode devices
and x10 from e-mode devices.

. Assumlng negligible loop parasitics:

Eqiige = COS¢BV
C.ss Is the energy-related output capacitance, BV is the tran5|ent breakdown voltage

Device Device Voltage Current Coss (pF) Tran3|ent Max surge
Manufacturer Type Rating Rating energy (pnJ)

. D3GaN
VisIC (D-mode)
Company A GIT
P-GaN
Company B HEMT
P-GaN
Company B HEMT

Comga ny Cascode 650V

650 V 100 A 480*
650 V 31A 110*
650 V 30 A 130*
650 V ~100 A 302*
100 A 497**

2040V 1175 Experiment

1150 V 73 Experiment

1450 V 137 Experiment

1450 V 320 Projection
1600 V 636
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parametric robustness under i ?
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= V,,,=8.3V .

repetitive overvoltage switching
- mimicking converter-like
switching.

= Test setup comprises of a

standard double pulse setup but Lioog Ath_p(Y\
with an additional inductance Ld - €
; . Voe D +
o create the overvoltage ringing ) =—¢ "
during the DUT hard turn-off. I-D:Q’C
D
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D°GaN: repetitive overvoltage - results
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Repetitive pulses at 90% of dyn BV voltage
(unparalleled capability: competitor technology
were at ~50% for d-mode and ~25% for e-mode ).
Negligible parametric shift were observed.
Parametric results saturated after 1 million cycles.
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D*GaN: H3TRB and SOA

H3TRB: Very low VTH drift and no
change in RDSON and leakage current
@650V shows high integrity and
robustness of D3GaN die and package;
All other AEC-Q101 tests were passed as

Oneway Analysis of Vth (V) By Status Oneway Analysis of RD5-ON (Ohm) By Status

24m
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Initial Post Post Post Initial Post Post Post
250h 500h  1000h 250h 500h  1000h
Status Status
Quantiles Quantiles
Level Minimum 10% 25% Median T5% 90% Maximum Level Minimum 10% 25% Median 75% 90% Maximum
Initial -0.30307 -0.20045 -0.15168 -0.14883 -8.00841 -8.69906  -8.00917 Initial 0.019819 0.02016 0.020556 0.020876 0.021229 0.021838 0.023513
Post250h  -0.60319 -0.5013 -9.45299 -9.4513 -9.30197 915 -B70332 Post250h  0.019948 0.020227 0.020759 0.021117 0.021623 0.022501 0.023786
Post500h  -9.75222 -9.6026 -9.60213 -9.59957 -9.4511 -9.2991  -G.84883 Post500h  0.019637 0.019982 0.020345 0.020635 0.021 0.021575  0.023304
Post1000h -0.60222 -9.60009 -9.45251 -0.45075 -9.44950 -9.15131  -8.70091 Post 1000h 0.02 0.0204 0020711 0.021103 0.021419 0.022179  0.023829
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Measured SOA at continues 250ns
and 5000ns pulses for a device
design to work at ~75Amp peak inv
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D°GaN: short circuit protection VisIC(X)

= Complementary to self protection DRIVER e
. DUT i sde | inductor
topology - we introduce an over current P B9 Gatesgnal | 0 £
. : " pull E 0.6 u
protection designed for the fast- ::(R - | el 223
switching GaN device. | B
= Reaction time is about 80ns in two steps: L —— L
. A LATcV*:c vec| 7 |_._ <
= Detection of the S.C. fault (followed AT Il s
. . . ST P T sl
by indication to control system). - 1

= Soft Turning OFF the devices.

The pulsed-current sensor has Z—i derivative output

in conjunction with a band-pass filter which provides
an excellent performance in fast switching
environment.



D*GaN: modelling to enable system design VisIC(X)

= Accurate SPICE model to enable system design.
= Model accounts for thermal network.
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D*GaN: packaging technology - die connect VislC

TLPS - transient liquid phase soldring Die Attach Ag-Sintering (Panel Form)
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. Two Material Options used Processed in Panel form for higher throughput
. Little to no voiding Little to no voiding

« No solder related issues Minimal distortion after processing panel

. Successful initial Qual results Currently at final assembly, then testing

 No pressure required during reflow
(minimal pressure during positioning..)
e  RoHS compliant (no Pb.. etc.)
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Vis|C

D3GaN Platform

VisIC original technical approach has been able to deliver performance,
reliability and cost efficiencies tuned to EV power train market

Passivation n

AlGal\

Transition layer

22mOhm 650V
Substrate (Si) 100A

7mOhm 650V
200A

100kW / 800V
Reference design
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D*GaN: products Vis|C

Key Performance Parameters

Parameter Value

Key Performance Parameters

Parameter Value
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Vos(V) 650 Vos(V) 650

Ros(on) (MQ) 2 Ros(on) (MQ) 2.5

Qs(nC) 444 Qq(nC) 145
1520 |o,puise(A) 600
800 Io(A)
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In summary (1/2): D°GaN is ready for market VisiC

VMB800 switching waveform at 200A - 4 V8 devices in parallel
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In summary (2/2): D®GaN is ready for market VislC

Motor inverter demonstration: 400V >140 A, 2x V22 GaN device inverter
operation tested with stator
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THANK YOU FORATTENTION




