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* WABG semiconductor advantage

* WABG device test challenge

* Power loss/ Current Collapse/ DPT testing

« POMME WBG fitted solutions

e CoreTech/ POMME introduce and WBG Solutions
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WBG device test challenge
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* Power loss(Ron/CV/Qg) ’ P
* Current collapse(GaN) T e
* High DC bias capacitance(GaN) : | I
* DPT testing g o
* Thermo-testing *s e ————
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® Poor IV accuracy, non-CV/ Qg/ GaN C.C.

® Hard to prevent self-heating
® Wide Pulse Width

® No well prepare test fixture
® Rewire instrument connection
* Wafer = Die & PKG = Module

® Thermal testing limit
®* Longcabling
® Hard temperature monitor
® Thermal chuck as a test pad(Vertical DUT)

®* Wafer prober auto-testing
® No switching solution for HV/HC
® WBG DPT solution lack: Higher V/C, Higher speed
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Power loss
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On-Resistance: Rdson

O WBG Rdson is very low to conductive loss can be ignored.
O How to measure uOhm Rdson is the key:

@ Specified test fixture with low R.

@ High current affordable

® Suitable Rg and duty cycle on Gate/Drain to prevent DUT broken!
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Cad

« Cgs: gate-source capacitance (MIM and
MIS)

« Cds: drain-source capacitance (p-n
junction), depending on Vds

« Cgd: gate-drain capacitance (MIS],
depending on Vds

+ Rd: drain resistance

nie itaxla\$

~« Deplelion region expands on increasing
the drain vollage Vds.

= Cgd and Cds decrease,

Ciss: Input Capacitance
Ciss = Cgs + Cgd

cQ(

Coss: Output Capacitance
Coss = Cds + Cgd

Crss: Reverse Transfer Capacitance
Crss = Cgd
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Capacitor: Ciss/ Coss/ Crss

Measurement
Hardware

Fixture

VFCHU ™ " e
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Cgs AC block resistor DG block
capacitar
100 ki1 {>> Cgd,Cds)

Cgd and Cds measurements can
be executed with HYSMU,
MFCMU, and HY Bias-T. Cgs
additionally AC block resistor
(=100 ke2) and DC block capacitor
(> ~500 nF — 1 uF).
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{a) Current source load
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(b Resistive load

Qg measurement difficult

A stable power supply to provide accurate time dependent output voltage and current.

A gate drive circuit which can accurately measure time dependent current and voltage.

CordTek=ER

von

(&) Inductive load
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GaN C.C.: Current Collapse
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VDD: Low
44 _l
b o o VDD: High
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Drain current at higher VDD is smaller than it at lower VDD!?

Off On

VDD
Vd

Vg

\:__j_iRon_= vd/Id

time:

— On resistance changes dynamically after changing from off state to on state.
— On resistance is depending on VDD and duraticn of off-stale.

~ Caused by the same mechanism with the current collapse phenomena
observed at |V measurement.
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DPT testing

WBG DPT solution: O Switching
v Higher V/C O Reverse recovery
2 O uis(Unclamped inductive switching)
4 H'gh_er_SPe_ed O Gate charge
v’ Specified fixture

Double pulse testing:
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Turn-on delay time td(on) Reverse recovery time trr Avalanche current las Gate to source charge Qgs
Rise time tr Reverse recovery charge Qrr MOSFET dv/dt ruggedness(UIS/EAS) dv/dt Gate to drain charge Qgd
Turn-off delay time td(off) Peak reverse recovery current Irrm Reverse diode dv/dt dv/dt Gate charge total Qg
Fall time tf Gate plateau voltage Vplateau

A
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* AC Power Device parameter JlZ 52

e Low current device characterization parameter JAlz /5 &
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1. Manual: MF-P/ MF-C series

2. Semi-Auto: SF-P/ SF-C series

3. Fully-Auto: IF series
i [t S B ekt s s

D

Wanual > kmsl RDL tester Wind Band Gap Calibration
% icardien >
e N 4P Tester Low Current Loan
e e TEG Tester Reliability Repair
> Lo ooy o e Caaiter Reliability Package Burn-In Used Resell
> LCD/ Ve > Surge Current Tester
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B1506A

WBG fitted solutions — 1

B1505A

» Great IV accuracy, non-CV/ Qg/ GaN C.C. -
- B1505A/ B1506A — _

« Shorter pulses are always better {10 s in this example)
« Itis useful to have some means o visually verify the pulsed waweforms

* Hard to prevent self-heating
* POMME provide turnkey 10 us level testing

* No well prepare test fixture
* Rewire instrument connection
* Wafer 2 Die > PKG = Module

Ehﬁ B AHRA R
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WBG fitted solutions - 2

* Thermal testing limit
* New high-temp test board
*  Thermal couple for temp-monitor
O wafer/Die testing: 3kV/ 10kV/ 300A thermal chuck(-55~300 °C )
O Discrete/ SMD: Thermostream(-80~225 °C)
O Power Module: Thermal plate(RT~250 °C)

inTest Thermal plate
Room Temp. to +250°C

* Wafer prober auto-testing
* Fully configured probing tips between HV/HC
* Owned design semiauto/ auto prober

N12654(15008)

s

* No switching solution for HV/HC
* Module selector: N1258&9A/ N1265A/ B1506A

E&Eﬂ?ﬂﬁﬁﬁﬂﬁﬂ 8l
IME TECHNOLOGIES CO. LTD
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inTest Thermostream
-50°C to +220°C

15

Keysight B1505A/ B1506A

For Power Semiconductor Manufacturers — B1505A

+ Very wide range up to 1500 A/ 10 kV

+ Covering CV, Qg and GaN current collapse measurements

+ Supporting both on-wafer and packaged devices

+ Automated IV, CV, thermal test capability from -50 "C to +250 'C
+ Safe and easy to use

Power Devices . Power Devices Power Modules Power Devices in Power Devices in
(Wafer) (Discrete) Inverter/ Converter Electric Circuit

For power electronics engineers using power

| I devices in their products — B1506A

) « Fully automated IV, CV and semi-automatic Qg

f measurements

; Ftu automated IV / CV thermal test from -50 "C to +250 'C
: Power loss calculation using IV, CV, Rg, Qg

Upto 1500A /3 kV

W KERISHT Safe, simple and easy to use
Em!ﬁﬂﬁﬂ%}’ﬁﬂﬁﬂﬂ
IME TECHNOLOGIES CO.LTD

CoreTek ZERIB
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AC: ipTEST DS5

' ABOUT ipTEST

ipTEST has become the leading manufacturer
of high-speed power discrete test systems to the
worlds largest Integrated Device Manufacturers (IDM's)

We exclusively focus on developing high speed production-line testers
*  We have 35 years of high-power discrete testing know-how

We have more than 500 test systems sold worldwide

We are flexible to customer demands and deliver highly customized systems

Our engineering support and R&D teams are openly accessible to customer
engineers

+ Located in UK, 30km south-west of London

iEBEHEEAHRLE
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Single & Double Pulse Test
+ On/Offtimes
Rise/Fall times
Switching Energy

Diode Recovery
e Trr I, Q.
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WBG Manual Probe Station
® Model MF-PE2ooo is for 8" wafers. °
@  Model MF-PE3000 is for 12" wafers. (0]

@
€]
@
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@
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@
®
®
MF-P2000 MF-P3000
Wafer Size ~ @100 mm ~ @150 mm @
X-Y travel X:105mm - Y:200mm \ X:160mm - Y:250mm
X-Y repeatability <+2um
X-Y accuracy <+5um
Z travel 20mm
Z repeatability <+1uym
6 travel 7.5
6 repeatability 0.002°
Unit
dimension(WxDxH)* 1200%900x1550mm 1250x900%1550mm
Weight* nding on sy88@KGnfiquration. 700kg
EBEHER{AHRAR
POMME TECHNOLOGIES CO.LTD
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Applications
Temperature characteristics tests in range from +20°C to +300°C
Ultra low signal I-V measurements (100fA level)
Various C-V measurements(quasi-static C-V, HF-CV, and RF-CV)
RF measurements(up to 67 GHz)
Ultra high-speed |-V measurements

Extend Application
High-power device measurements
(=300A pulse, +3kV triaxial, +10kV coaxial)
Wafer level reliability tests (such as EM, TDDB, HCI, NBTI, and BT)
Probe card support (support Multi-site WLR)
Built-in laser cutter(Point marking, Exfoliation of protection layer, Metal layer
cutting)
Active vibration isolator and ultra high-accuracy probing through image
processing pattern recognition (accuracy: + 1 um or finer)
Light-receiving/emitting characteristics evaluation applications for
optoelectronics (such as LED, LD, VCSEL, and PD)
Common gate pad contacts of flat-panel display devices

18
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OST: Out Source Testing CoreTek @R

Applications
WBG tester Keysight B1506A
Dynamic tester: POMME STA
Thermostream Temptronic TPO45000A(-80 °C to 225 °C)
5 probe station with thermo-chuck form -55 °C to 200 °C
Oven for100C to 300C
LCR meter as CV testing
B1500A/ 4200/ B2201A/ 707A for low current WAT testing

e Model AF-OST-AC is for dynamic testing.
e  Model AF-OST-DC is for DC testing.
®  Model AF-OST-WFR is for on-wafer testing.

NouprWwNE e

e  Extend Application
1. DC:IGBT/MODFET/DIODE/GaN
1. IGBT: Ices, Iges, Vge(th), Vce(on), Vces, Vges, Vbr(ce)
2. MOSFET:Idss, Igss, Vgs(th), Rds(on),Vdss, Vgss, Vbr(ds), Cdg, Cgs, Cgd
3. DIODE:Ir, Id, Vr, Vf, Vsd.
2. AC: Switching/Recovery/ Qg/ Roughness
1. Switching Board: td(on)/ tr/ td(off)/ tf /E(on)/ E(off)
2. Trr/QrrBoard: trr/ Qrr/ Irrm
3. dv/dtfor MOSFET and Diode

Eoss
Vs

g dan ) : P
D, e )
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