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Power Device

* Where are they used?

Electric Vehicles (EVs): cars, trains, ships...
Renewable Energies: solar, wind...

Efficient power supplies: chargers, mobile...

* Types
Discreates: MOSFET, IGBT, Diode...

* Material
Si: well proven and low cost...

Switching power (kW)
3

3

POWER DEVICE POSITIONING
AS A FUNCTION OF POWER AND FREQUENCY

Home
appliances

EV/HE
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' UPS  power AC adapters
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for servers &
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around 600V between GaN and SiC.

equipment
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Operating frequency (Hz)

SiC, GaN: fast switching, smaller, lighter and more efficient...
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IGBT Market

IGBT - TOTAL WAFER EVOLUTION
BETWEEN 2020 AND 2026, IN MUNITS

rce' IGRT rket  Technoloay Trande renort Ve ntallicanca 2021
ource: IGBT Market & Technology Trends report, Yole Intelligence, 2021
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IGBT M

FAB INCREASE - DEVELOPMENT TIMELINE:
200 & 300 MM FAB EXPANSION

Source: IGBT Market & Technology Trends report, Yole Intelligence, 2021

200mm fab expansion

300mmlfab, Wuxi OSSN onsemi

BCD - CMOS, -
Power MOSFET |/GBT in 300mm

300mm fab x2

300mm fab

$1B

300mm fab in Dresden, $3-GB
first for DRAM, later slated
for power

300mm fab in Villach 200mm fabifrom

$1.6B Global Foundries, NY
Investment amount in red $430M

*non-exhaustive list
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Si MOSFET Market

MOSFET - TOTAL WAFER EVOLUTION
BETWEEN 2020 AND 2026, IN MUNITS

Source: MOSFET Market & Technology Trends report, Yole Intelligence, 2021
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~ SiC Device Mar

POWER SIC DEVICE MARKET - SPLIT BY END-SYSTEM, IN $M

Source: Power SiC — Markets and Applications report, Yole Intelligence, 2024

$12 000M

$10 000M CAGR 23 - 29: 24%

$8 O00OM

$6 O00OM

$4 O00M

$2 000M . I I
$M — — - .

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

in $M

m Others (Oil and Gas, Defense, R&D) =Wind mUPS
m PFC/Power Supply m xEV Charging Infrastructure = PV+ESS
® Rail (including auxiliary power) m xEV (Main inverter+OBC+DC-DC) Total SiC device market
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Challenges in Wafer Testing from Viewpoint
of Back-end Process

Technological Issues of SiC Device and Future Prospects

To further expand the use of SiC power devices, it is necessary to develop low-cost, highly efficient, and highly reliable device

manufacturing technologies. For this purpose, it is important to develop SiC single-crystal fabrication technology with large
diameter and low defect density

Challenge 1

Power module consists of some power devices, wafer test process is required to

isolate good or bad die as much as possible so that bad die does NOT move on to next
process

Goal = Perfect inspection of the device on Wafer E§ S T
® DC TeSt SiCSﬂBD \\ SiC MOSH%T
* UIS Test (Unclamped Inductive Switching Test): Screening of die with lattice defect

\| o TEsee
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Challenges in Wafer Testing from Viewpoint
of Back-end Process

Pass

o

Pass SiC SBD SiC MOSFET
Wafer test _. Package test . 7‘ A
S 3 Waste

 Time
Fail

Getting Important * Module package
- DC Test - > « Chip
* UIS Test * Wiring...
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Challenges in Wafer Testing from Viewpoint
of Back-end Process

Challenge 2

To reduce the number of probing contact

* |tcanreduce pad damage risk or apply a small bonding area
* High productivity (throughput up)

‘I Tester side

Challenge 3
To avoid peripheral die damage during UIS
 Ultra High-Speed Crowbar circuit <1 us (During UIS test)

[ ) Tesec
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Solution (Prober)

The power device test technologies are transferred from the
experience of 200mm to 300mm prober
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Solution (Prober)
DARUMA Chuck

Fast and stable measurement waveform detection is essential for high-current testing and UIS testing of

power devices.
ACCT's prober has the following three features and is ideal for testing power devices. Details are
explained on the next.

» Make measurement path length constant
» Minimization of measurement path length
» Reduction of inductance(Low Ls)
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Solution (Prober)

» Make measurement path length constant
Equipped with a DARUMA Chuck behind the wafer chuck and a pogo block for connecting the chuck
electrode, the distance between the probe needle and the pogo block is always constant to equalize

the inductance. This concept makes the current waveform stable within a wafer.

S|

=\ ) ~._ Pogo Block

\

Probe Card

DARUMA Chuck

Constant Distance through
all Dice on Wafer

Wafer Chuck
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Pro

Wafer Chuck

Solution (Prober)

Pogo Pins. =

R

b
= DARUMA Chuck

L"“""— >
300mm

Tester

v -
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Solution (Prober)

» Minimization of measurement path length
The chuck lead cable of DARUMA Chuck is very short compared to the conventional ones. Therefore,
allowing for high speed testing when testing large currents and reducing the heat generated by the

. Conventional DARUMA Chuck
device. | |
) F-TIME ‘ h
1,000 ON Voltage(VDSON)@ 200A F

800.0m

To Tester

600.0m

400.0m

To Tester

200.0m

0.000 b’\J

-200.0m

< » much faster
-400.0m \}

A

-600.0m

Orange: DARUMA
Red: Conventional

-800.0m

1000
0.00 200u 400u 600u 800u 1.00m 1.20m 1.40m 1.60m 1.80m 2.00m (s)
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Solution (Prober)

> Reduction of inductance(Low Ls)
This is the structure of how to make low Ls.
» Shorten the measurement path length by using a direct contact unit.
» Available no variation Ls during chuck move
» Bringing the opposing currents closer together cancels the magnetic field and reduces Ls.

DARUMA Chuck

\ Current direction of ribbon cable and
DARUMA Chuck-Chuck
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Solution (Prober)

Effectiveness of DARUMA Chuck

In the wiring method using DARUMA Chuck, inductance is greatly reduced, so the rise of current is fast,
and the ON voltage detection response is also fast.

Annual SWTest Asia



Solution (Prober)

Differences in Wafer Mapping Between Standard Chuck and DARUMA Chuck

As a result, comparing the wafer maps of the on-voltage at the same measurement time shows that

the improvement in settling speed of the waveform enables more accurate measurements.
Standard Chuck

20

30
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DARUMA Chuck
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Solution (Prober)

Alignment for Pogo Pins

| *=* DARUMA Stage Spring Pin Check Utility = |

Pin No. Current Diff Status
Mex [ 1 15065 s T ]
. hin 14 14970

Pin No. Redgister Current iff Status

1 15065 15065 0 OK

2 15003 15003 0 0K

3 15027 15027 0 OK

4 15051 15044 =7 OK

‘ 5 15058 | 15061 3 oK

6 15014 15015 1 OK

Height Fluctuation Tolerance Of DARUMA Stage 7 15026 15027 1 OK

..... Spring Pin 200 um 8 15026 15037 1 OK

B Height Yariation Tolerance Between DARUMA 9 15025 15024 . L

- Stage Spring Pin 300 um 10 15023 15022 1 OK
{ ' Unit : um

arch pogo pin height and check the difference
using the probe alighment camera. Then
calculate the best overdrive point for contacting

the DARUMA Chuck.

Probe Alighment Camera
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Solution (Prober)

Required periodical chuck top maintenance

Large current/Inductive load test >>> Deteriorating chuck top >>> Affect turn ON voltage/Contact
resistance

> ltis easy to exchange the chuck top plate due to suction fixation.
» Re-construction of gold coating is available.

» Normal wafers and thin wafers with rims can be easily exchanged.

é’ o Removal 3 Removal | Attachment
. e |

Chuck can be replaced in 0.5 hours including calibration
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Solution (Tester)

One Pass Direct Docking Test System

We have developed a test system that docks directly with the prober, enabling both DC and UIS testing

with a single touchdown. This system has the following four features, making it ideal for power device
testing.

» DC and UIS measurements can be made with a single contact
» Reduction of inductance by Direct Docking Unit
> Ultra High-Speed Crowbarcircuit = g

B AT
O
- Ui
e = = | _ | _
= -] =
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Solution (Tester)

» DC and UIS measurements can be made with a single contact
A switching mechanism between DC and UIS measurement is provided in the Direct Docking Unit
¢

* Probe marks are redyced by half. '
i i One Pass Test
Direct
j Docking
Unit
‘_H
== AP3660
X 2times = Onlyonetime ™ I
X Probe mark | ® Probe mark |® ¢ \ Probe mark | @
Wafer load/unload, wafer + Wafer load/unload, wafer Wafer load/unload, wafer
alignment, chuck indexing, etc... alignment, chuck indexing, etc... alignment, chuck indexing, etc...
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Solution (Tester)

» Reduction of inductance by Direct Docking Unit

Direct docking of the tester and probe card shortens the distance between the measurement circuit

and the DUT, reducing Ls and Cp. Furthermore, the UIS detection path in the direct docking unit is

preferentially placed near the DUT, reducing the effects of Ls and Cp and improving the waveform

quality of the UIS measurement.

Conventional

olle

.

=

Coil
G ——
SW for o

return current

*c

Direct Docking Unit

50

.

=

Coil
e
SW for B

return current
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Solution (Tester)

» Ultra High-Speed Crowbar circuit

This function operates when a defective chip is broken during UIS measurement.

Without Crowbar Circuit function

Defective chip broken during UIS measurement

&

Inductive energy of the coil is released to the surrounding chips

&

* Destruction of peripheral chips
* Wafer and chuck welding

Welding marks on chuck |

5t Annual SWTest Asia | Fukuoka, Japan, October 24 - 25, 2024
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Solution (Tester)

» Ultra High-Speed Crowbar circuit

With Crowbar Circuit function

Inductive current
Defective chip broken during UIS measurement OFF of the coil

———————
,/ \\ <
~
/ N
O -
7
\\ ,
~ =i

~_———_-

Detect a broken chip Broak! —

‘

‘

-
Turns on the path that returns the inductive current of the coil. ~-T-"SW for
At the same time, the DUT path is shut down. § return current

 Wafer Safety
* No destruction of peripheral chips
* No welding of wafer and chuck
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Solution (Tester)

» Ultra High-Speed Crowbar circuit

By changing the shutdown device from Si-IGBT to SiC-MOSFET, the time from chip broken failure to
current interruption has been reduced by 50% compared to the conventional method.

Conventional (Si-IGBT) Ultra High-Speed Crowbar circuit (SiC-MOSFET)
200ns -404. 00ns BReady 140 A ! I I 5 TEsYNE ey
Device break point Current cutoff point | Device break point | | Current cutoff point o
‘ 4"“**~w"'*“‘“‘~~~*“—-*\-\----’-------95A
Approx. 750ns \\

il bl 35A \
T

20A \“ /\ /\
i \\w y \/
V;V - | ! | " | \ |
s | \
E o!3 c!z \'\ / /

a‘t:?56ns 1/b‘t:1_ 32MHZ Edge __ 6 Dc 24. Bv (-E‘ffZLS 6.432 ys 6.532 ps 6.632 ps 6.732 us 6.832 ps 6.932 ys 7.032 ps 7.132 7.232 ps 7.332 ps
12 10.0V 2: 10.0V 4. 1. 00V M- 100VY _ [ HDZ (Thase -6 832 ps|Trigo AN
DC1MQ DCTMQ DCTMQ DCTMQ CH2 x CH3 o] S0ovidvg | w Shgle 12
Emp ty ofs -30. OVjofs —3. 00V|[Emp ty Emp ty Lo 87.999 V § X1= 6.6327us AX=  336.8ns
IWATSU f20.00000Hz 2GS 4k pts RTC:2016/05/20 12:17:23 L oy | X2= 66S5us 1AX= 29691 Wz
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Solution (Tester)

» Simultaneous 4-chip measurement

To cope with the increase in the number of chips due to larger diameter wafers (which increases
inspection time), DC measurement supports simultaneous 4-chip measurement (in some cases,

1-chip measurement), which improves production efficiency by approximately 4 times compared
to 1-chip measurement.

Example test sequence

CHIP# | DC test | DC test | High current DC test | DC test UIS DC test
1
2
3
4
4 Parallel 4 Parallel< Serial test >4 Parallel< Serial test >4 Parallel
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Conclusion

“Challenges in Wafer Testing” from Viewpoint of Back-end Process
Perfect inspection of the device on Wafer

» Challenge 1 : Accurate screening tests

* UIS measurement on wafer
* Reduction of inductance by DARUMA Chuck and Direct Docking Unit

» Challenge 2 : Reduce the number of probing contact
* One Pass system of DC and UIS measurement requires only one probing contact

» Challenge 3 : Avoid peripheral die damage during UIS
* Ultra High-Speed Crowbar circuit <1 us (During UIS test)
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Thank you
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