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The current state of the semiconductor
market in Japan and
Improvement of measurement
efficiency with dedicated jigs

Contents
|

Self (company and products) introduction

Japan's Semiconductor Industry
¢ memory
+ logic semiconductor

« power semiconductor

Problem Solving with T3Ster (a slightly different use case)

Jig for T3Ster and airless constant-temperature chamber
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(®KeenusDesign

»Company Profile
@ Established in 2006, capitalized at 11 million yen, 13 employees

»Business Description
@ Design, manufacture, and sales of cooling and temperature control equipment specialized for electronic devices

»Tools: SolidWorks
SolidWorks Simulation
SolidWorks FlowSimulation
OneSpaceDesigner

Thermal Resistance Measuring Instrument T3Ster
One-Shot 3D Shape Measuring Machine

YeWind free temperature chamber

YePower Cycle Test Peripheral Equipment

YeTemperature control system for -55°C to 250°C

Y¢Small cooler KTC-300 capable of 300W cooling

YeTorque driver for SMA connectors, etc. .
R“

About the company name
Keenus is based on the word "Keen," which also means keen, nice,
and excellent. We aim to create such a product and corporate culture.

Copyright © 2023 KeenusDesign Corp. All rights reserved. 3

TECNUS

Wind free temperature chamber
for optical instruments and components
Temperature evaluation of optical materials, lenses, camera modules, etc.




Temperature and pressure control fixture for thermal

resistance measurement system (T3STER)
|

Compact desktop temperature controller

Thermal transient tester
(T3ster)

Temperature
control stage

Continuous control via PC

Copyright © 2023 KeenusDesign Corp. All rights reserved. 5

Jigs and fixtures for power cycle test equment
for bureaU'type PWT '. Double-sided cooling and pressure fixture
Siemens bureau-type (as we
call them) power cycle test
systems are equipped with a
cold plate for fixing and
cooling samples. However,
with minor modifications and
the introduction of peripheral
equipment, usability can be
greatly improved.

w
\ |

Side panel with hole

Made by Siemens
Power Cycle Test Equipmen

chiller
For power cycle testing

chiller
For temperature characteristic acquisition | W _ ' - - =
Valve Unit
Flow rate adjustment 2
circulating fluid circulating fluid circulating flui
—’ji
=3

Heat-resistant flexible cables - ‘
Thermography table High current socket fixture 6
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Jigs and fixtures for power cycle test equipment
for rack-mounted PWT

Made by Siemens
Power Cycle Test Equipment

Siemens rack-mounted power cycle test equipment is chamber
not equipped for fixing or cooling samples. For this
reason, peripheral equipment such as chambers for
safe operation and chillers to supply cooling water are
required.

easurement & Contr |

chiller
- Valve Unit

load current

circulating
fluid

|

Heat-resistant flexible cables thermography table High current socket fixture
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The State of the Semiconductor Industry
In Japan




The Fa " -The current state of Japan's semiconductor industry (declining international market share)

® Japan's semiconductor industry has gradually declined in stature since the 1990s.

billion - = Global Sales ~ = Sales in Japan === Share of Japanese Companies
dollars Share in 1988
(] Japan:50.3% o,
10,000 U.S.: 36.8% 60%
2000 A 2% Cossaes | 1
2019 Sales Share in 2019 T
8.000 P o N No. 1 Intel (U.S.) Japan: 10.0% i L 50%
! No. 2 Samsung (Korea)| | 5 . 50.7% »
No.3 SK (Korea) e 5o
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prediction
1987 1992 1999 2001 2003 2008 2013
TSMC (Taiwan) Samsung Elpida NEC, Toshiba Renesas Taiwan's TSMC Elpida Memory
established. Electronics Korea = Memory and other Technology  captures 50% of Acquired by Micron
Co. established. companies established global foundry share
No. 1 in DRAM withdraw from . .
market share DRAM business (Source: Compiled by METI based on Omdia data)
From METI data https://www.meti.go.jp/press/2021/06/20210604008/20210603008-4.pdf
Semiconductor

Digital Revolution in After Covid-19 Market Overview

® The semiconductor market will continue to grow steadily (approx. 100 trillion yen in 2030) as the digital revolution progresses.

® The volume zone is O logic and memory used in smartphones, PCs, DC, and 5G infrastructure, with the U.S., Korea, and
Taiwan dominating the market.

® In the future, on the foundation of 5G and post-5G infrastructure, new semiconductor demand growth in edge computing
application devices (self-driving, FA, etc.) is expected, and this is the last chance for Japan to enter the market.

Global Semiconductor Market

)

trillion yen ’ ﬁfif’?;at'c gz:g'l_get Product major
100 N 2 : " 2018 Examples corporation
LT smart city s]_
0 5G Infrastructu = processor
ﬁ electri <
80 21
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Q50 (BD DRAM
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Q
J- yen NAND
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analog LSI e
20 o) (infineon | SONY
g power
10 - 15 semicond
hor =7 D) [
T lon I L
0 Sensors
20014 20104 2020%F 20255 20304
prediction > (Source: Compiled by METI based on Omdia data)

From METI data https://www.meti.go.jp/press/2021/06/20210604008/20210603008-4.pdf




Memory
e

DRAM industry market share (2021) NAND flash industry market share (2021)

SAMSUNG

SAMSUNG
KIOXIA

SK Hynix
SK Hynix

Micron

Western Digital
FaEBRHY Micron
0.0% 10.0% 20.0% 30.0% 40.0% 50.0% Intel
STt 0.0% 10.0% 20.0% 30.0%
https://deallab.info/dram/
OT4—ILFH

nttps://deallab.info/flashmemory/

Japanese companies are not ranked The only Japanese company is

Kioxia (ex-Toshiba)

AR RRRRRRRRAAE EEE
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\Establishment of a base of operations (1) Research and development bases

Next Generation Semiconductor Project Structure

® Toward the realization of a short TAT mass production infrastructure for next-generation semiconductors (Beyond 2nm),
(1) Establish an open research and development center for elemental technologies for advanced design, advanced
equipment and materials.
[Leading-edge Semiconductor Technology Center
(2) Establish a mass-production manufacturing base with a view to launching a mass-production system in the
future. [Rapidus Corporation

For future mass production Launch of an open R&D platform

Formation of joint
research projects

(2) Mass production base [Japanese version of NSTC (LSTC)
[Rapidus.]

Advanced Design
Technologies

m Overseas academic research
institutions and companies

v U.S.-NSTC and 1IBM,
White, IMEC, and other
volunteer national and
regional research institutes
and companies

Mass Production
Design Environment

evelopment
sk

Rapidus Rapidus ti
Mass production line pilot line cooperation” | bomestic academic research
institutions and companies
ﬁ;’a";ig:]erc'a v Semiconductor User
Organization
v Digital Design Related
: Organizations
Advanced Equipment and N .
' : : v Semiconductor production,
ﬁﬂ:ggglesnt and Materials Technology manufacturing equipment
and materials related
_____________________________________________________________________ organizations, etc.
From METI data https://www.meti.go.jp/press/2022/11/20221111004/20221111004-1.pdf
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Power
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Power semiconductor industry market share

422¢=F Infinion
26.4%

Others T®fi
37.3%

#rE: On Semiconductor

10.0%
ELERE
5.5% =t
8.6%
ST Micro ST44R C¥-3
57% 6.5%

From Toyo Securities ®Ff - SEEHES & [[EFIISEEN

Japan top3 Total : 20.6% < Infineon 26.4%
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A slightly different application of T3Ster




Background of the case studies presented

A problem arose in the development of equipment for
rapidly cooling samples that did not perform as expected.
Purpose of the device:

Samples that are hot from the previous Sample
process need to be sufficiently cooled

Internal transistor and diode temperature sensor
Heated to high temperature in the previous process

before being sent to the next process.

OC I\
| High temperature even at target time
: Takes too long to Mounted only by its own weight
| reach target Q attachment
1 temperature
1
1
Target| ! Jx_.
Temperature ! )
I I Apply grease and fix screws
«—> sec
Target Time Watel‘-COO|ed
~ heat sinks
channel
coolant
Copyright © 2023 KeenusDesign Corp. All rights reserved. 15

Countermeasures and innovations

that can be taken on the equipment side
e - - ]

Improved surface roughness
of contact surfaces Improved contact
surface flatness

Grease optimization

Grease selection
Grease application thickness
Breaking-in after assembly

Increased contact area with cooling water

Cooling water flow optimization
Decrease in coolant temperature

Copyright © 2023 KeenusDesign Corp. All rights reserved. 16




Countermeasures and innovations

that can be taken on the eﬂuiEment side

Flatness measurement

=AY
O 2sscensess

C
ol Ll
n Illlllilll
= C&] (o I
I
: Improvements!
I
L [ETiB 4 |BHBNE | E e :
Ra 0.327 [pm 1
Rz 1.519 |um I
RzJIS 0.816 [pm |
Target : -
rgetfp-—-—--- F=————— T — ==
temperature : :(_\)|\
1 |
2 5 sec
— Target Time
All measures that could be taken on the equipment side were taken.
However, it is still not enough.
If we use T3Ster to determine the cause of the problem...
Copyright © 2023 KeenusDesign Corp. All rights reserved. 17

Where is the thermal resistance?

Various measures taken on the equipment side have not been effective...

Hypothesis: In fact, is there not enough contact between the sample and the
attachment, and is the thermal resistance in the contact area dominant?

/ sample
Temperature monitoring is possible by obtaining
the K-Factor of the internal diode.
Using the transistor as a heat source, thermal
resistance can be measured with T3Ster.

Circulate water to heat sinks,
& with the sample loaded with its own weight,
& When mounted with grease applied
Can we find the thermal bottleneck by comparing
the two in the following way?

Copyright © 2023 KeenusDesign Corp. All rights reserved. 18




Measurement with T3Ster

Constant current source

Keysight power supply for booster

50A 30V Dual Booster

T3Ster

Heating current: 30A 300sec
Supplied by T3Ster
Measured at CHO

Measuring current: 200pA 300sec
Supplied from constant current source
Measured at CH1

Copyright © 2023 KeenusDesign Corp. All rights reserved. 19

Where is the thermal resistance?

T3Ster Master: structure function(s)

0.223 0.6246
T T
10000 ; | 10000
greased / greaseless
100 ; Tt 100
7 e g
3 3
E Sample (grease) contact — 1 %
= thermal resistance
o ~ 3
attachment Increase in contact thermal resistance due to no grease
~ 0.62° C/W
heat sink
Thermal Resistance | |
©f .
0-22 °C/W Of the overall 1.05°C/W thermal resistance, only 1001
ample 0.22°C/W = 21% is attributable to the equipment
Internal The contact thermal resistance between sample
ré:i‘;g”nac'e and equipment is dominant and limited by
0.20 °C/W equipment improvements.
le4 b |- it - - ‘ - 1e4
1 X-u 1 1 1
] 0.2 0.4 0.6 0.8 1 12
Rih [K/W]
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Iterim summary
e

Equipment was built and evaluated according to development requirements.

Various efforts were made to achieve the target specification values, but
they could not be reached.

I stopped and thought about whether we are taking the right measures.

By measuring and quantifying the facts, the problem was made apparent.

We were able to measure "thermal resistance," which is scattered throughout the system
and tends to be a sensory experience, and materialize it as a numerical value.

We were able to steer them in the right direction without getting bogged

down in abstract discussions.
By fleshing out the issue (correctly identifying the cause of the problem), we were able to

avoid watering down the issue.

AR RRRRRRRRAAE EEE
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T3Ster requires
Increased Productivity with Peripherals




What happens when there is a good measurement environment
C____________________________________________________________|

Preparation can be done in a short time.
Accurate and reproducible results — Reduced rework
Fewer things (phenomena) that are not well understood

— Fewer inquiries (extra work)

Damage is done when environmental deficiencies are noticed after the equipment
is installed.

Difficult to budget for recovery
Important.
Have a good environment from the time the equipment is up and running.
Consideration should be given at the time of equipment introduction

— Introduce well-thought-out jigs.

Copyright © 2023 KeenusDesign Corp. All rights reserved. 23

What is an appropriate test environment?

T3Ster is a high-speed, high-
performance measuring instrument,
but without a testing environment...

Depending on the person and the
day, the measurement results may
differ.

Copyright © 2023 KeenusDesign Corp. All rights reserved. 24




What is an appropriate test environment?

Clamping force

Thermally insulating V TR R i r TP r i s a7
C(f)n;act block | —_— Device Under Test
of clamping too Example: TO package
AL G Chlp
thermal grease o o “ Be,ads 1 (sold "
a# il . ; 1e attach (solder or glue)
\A,a = Exposed die pad

| =>

cooling water
Cu coldplate

JEDEC JESD51-14

The standard specifies the test environment to be prepared,
but it is rather vague.

Copyright © 2023 KeenusDesign Corp. All rights reserved.

Appropriate test environment?

We read the standards and receive advice from users

Embodying the standard environment
Complies with JEDEC JESD51-14
Operable from T3Ster Master in conjunction with T3STER
Adjustable temperature control stage from room temperature to max 200°C
Assuming a load of 10N/10mm?2 , [1150mm supports 2500N
Real-time display of loads

Compact desktop
temperature controller RED: High power measurement

B Y PEL EI us BLUE: Low power measurement

@[
>

i oy

Power Booster (100A/30V)

Thermal transient
tester(T3ster)

=

Temperature control stage

Continuous control via PC

Copyright © 2023 KeenusDesign Corp. All rights reserved. 26




Short screw-in stroke

Adjust height by pin insertion position
If you pull the pin, it will drop.

Improvement of pressure fixture

Longer screwing stroke
In working and pressurized positions
First item Improvement of workability ;

MERS YAy MERAT—VREF
Copyright © 2023 KeenusDesign Corp. All rights reserved.
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Further improvement of pressure fixture

After pressurizing the sample, the load changes due to expansion and
contraction when the temperature changes

Birth of the automatic control pressure fixture
so that the load is always constant.

28



Pressure jig for heater TEG chip
For measurement of bonding materials with small time
constants, TIM, and associated contact thermal resistance

This product is a jig that positions a heater TEG chip on a workpiece set on a high-
precision temperature-controlled stage and applies pressure and current with a probe.
It is suitable for measuring bonding materials and TIMs with very small-time constants
and their associated contact thermal resistance.

The Heater TEG Tip can handle a heat load of up to 40 W. Feeder

(Power, control, cooling)

Configuration
example

Pressing jig \

Temperature
control stage

29
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Press handle

Heater TEG Chip

Heater TEG chip placement jig

1. This fixture allows cooling and evaluation while controlling the load.
2. The size of the heater TEG chip is (15 mm and the maximum heat generation load
is 40 W.

3. A separate temperature control feeder (KTA-02) is required for temperature control
of the stage.

smﬁmm‘-v:f SmmfTEGF 7
# R T o (BE A0 3umt)
i EHEIE] E—5—REE L Y— (400
BR8N c—s—RRE e — (400
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Conversion of temperature control stage to
“Wind free chamber”

Developed an option for fast measurement of K-factor

A cover with high thermal conductivity and ultra-thickness is installed on the temperature
control stage. The internal space is temperature-controlled from all sides. In other words, a
uniform temperature space without wind, which is necessary for K-factor measurement, is
created at high speed,A windless, uniform temperature space is created at high speed.

TECNUS

Wind free temperature chamber
for optical instruments and components
Temperature evaluation of optical materials, lenses, camera modules, etc.

Sophisticated optical devices are now used in harsh environments such as automobiles and surveillance
cameras. This has necessitated even more stringent temperature environment testing to ensure reliability. The
Tecnas system allows for windless environments that could not be achieved with conventional constant-
temperature chambers, and real-time measurement of temperature effects using optical measuring
instruments.

Touch-screen controller and feeder

[1100mm H50 or HL100mm tank space

Optical access to interior spaces without
condensation thanks to windows with
insulated construction

Optional window arrangement allows observation from the top or laser beam penetration from the side




Example of the wind free chamber evaluation

(RE(-33.13° O]

[@E]-3955 * C]

EFiR(25°C) THIES

(EAE]-39.13" C]

PV=-40°CEliE# :

ABE]-3344" C]

[BE|-3038 * O]

ssum] w5 |

=mmax] -358 | [min] 372 | -,- z=p[max] -s62 | [min] 374 ]

AT| 14 371 aT| 12
-37.6
az-—vzmEmax] 374 | [an] 377 ] -381 ay—vxEMax] 315 | [an] 318 |
AT 03 -38.6 AT| 03
-30.1

#ri-g@m[max] 355 | METE Ari—gm[max] 359 | METE
aT| o8 MIN at| 07
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PV=-40"CEliEi% : 40%

efsmax] 384 |

ar—vxmEmax] 307 |

[min] -s01

AT 17
=r[max] 386 | [min] 387

at| 11
[min] -a01

AT| 04
[min] 302

Ari—gm[max] 384 |

AT 0.8
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summary
e

« Self (company and products) introduction
« Japan's Semiconductor Industry

* memory

+ logic semiconductor

« power semiconductor

« Problem Solving with T3Ster (a slightly different use case)

The distribution of thermal resistance was clarified by measuring it with a T3Ster.
The results of this measurement allowed us to concretize the issue and prevent
waterboarding.

« Jig for T3Ster and airless constant-temperature chamber

The higher the performance of the instrument, the greater the influence of the
test environment on the results.

Ensuring safety is also an important factor.

Specific examples of equipment for T3Ster were presented.

AR RRRRRRRRAAE EEE
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Hardware Manager

AFHEEATRENMRANA «is Tsai

Mail: kris@efd.com.tw
TEL: 02-2258-8186
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] 5. Fast Throughput
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7. Tests Components in Situ
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o AHHERRE 2B DA appealing

5o Pulse Z\[H R 2] [E]
o  O/f5ZIKREduty cycle T 2t
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o HFERATEIETEHTHE
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T3Ster Advance  appiication Engineer
MeaSurement Case Connie Tseng
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T3Ster Principle

Principles, Advantages, etc.
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T3Sterzl\fH=

s 13Ster

et
? @ooﬂg
L |

BRI
(Electrical test method, ETM)
HERE{CKEELEEERET]
=t A (O 01°C)EEDH—I(1HS)E/JE/EJ
1~ 5 °REE /EH:E

A:E\J ACE\J

E b g==1
EIR:IESE g

RoERME

s Specification of Rth

JESD51-1
ETM

Tr—Tx

R
JX
(Jc/IABy FPH

where Regx = thermal resistance from device junction to the specific

T;
Tx
Py

environment (alternative symbol is Orx) [°C/W]

= device junction temperature in the steady state test condition [°C]

= reference temperature for the specific environment [°C]
= power dissipated in the device [W]
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im S SRR B

(THi B TLO)

K=t Lo/
(Viti = Vio)

TSP(K factor)

TSP Diode Forward-Biased
Voltage (mV)

o
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Ambient Temperature (°C)

Figure 11. Typical V. - T, curve for temperature-sensing diode forward biased w

Cth Ws /K]

100000

10000 F

vith Ty,

T3Ster Master: structure function(s)

[— botoontsa_1ooma_1A_pivioomy - cn.1 |

1000 E

-JESD51-14 TDIM-
JESD ir
oo} -
0.001 0.001
le-4 . . ” 1‘5 2‘0 2‘5 3‘0 p - 4519-4

Rih [K/W]

K [Wes / K2]

T3Ster

24piil

AL E

Open the measurement

Transient

TSP calibration

measurement

TSP: K factor

AT P
AV P,

AP

K&y 'NEIy

P,

Taster Master: Recorded functons

RDEF

CORPORATION

results by using
T3Ster Master

T3Ster Master
Evaluation

TaSter Master: Smoothed response

8

AT = AV x K |

3 8 8 8 8 8 3

age V]

Input sensitivity(K)

21
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of DUT into the el Ty

control software

Get RAW data

*.par
*.rec

*.pwr
*raw

-
e
2
=
=) R g ™ §
Ry
Ro C3
0 Cy Cq c: R:"
+
junetion
* R3 case

FAAF TTE T

L 4 L

Restof the heat-conduction path
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so JESD51-2a Still-Air
B RERE-BLIEE

s> JESD51-14 TDIM

AN EE Y
72 ;

JI B8,

1725 - 52

Cold Plate

T3Ster Master: structure function(s)

3.95
1e6 T ; T i T 166 100000 ! T 100000
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5 1 11 N &) x
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T3Ster Master: structure function(s)
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Case Study

To show the benefits of T3Ster by some cases for you




Casel
GaN HEMT Z4H= R 4T

e

EFD

2" CORPORATION

Device Description

GATE

s This device is GaN HEMT PRy
so Rthjc measurement SOURCE o] _T—.—o DRAIN

N\

/
‘‘‘‘‘

Samplel(w/o PCB) Sample2(w/ PCB)




Measurement Detail_ Ry, @EFD

s DUT put on Cold plate(7K;2#%)and measurement
5o Measurement Parameter as bellow:

Set Parameter

GaN

5V

gs
T 500mA
Iy 3A(Samplel) / 2A(Sample2)

Ambient Temp.

25°C

XRemark: I is sensmg current and I is heating current.

Measurement Detail_ I

SECR

Hﬁi/ \E

T3Ster Master: structure function(s)

EB(L) BR/NEF

AIRH R

- REIEZAABREABIRY -

T3Ster Master: structure function(s)
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Measurement Detail _ I

SEFD
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5o /NE(l)BS00MARMIRARBREES R - BIRMESE -

T3Ster Master: structure function(s)
100000

—— Leopard_Sample2_5V_500mA 2A K6 - Ch. 1
— Leopard_Sample2_5V_500mA 2A K6-1 - Ch. 1

10000 =

1000 E

100 =

Cth [Ws /K]
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0.01 |-

0.001 =

1e-4 1 1 1 1 1 1 1

Rth [K/W]
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T3Ster Measurement Results-
TSP Calibration - GaN

0.11

~ CORPORATION

1
50
Temperature [7C]

XSensitivity equals to TSP or K factor

5D
Temperaturs [*C]

DUT GaN-Samplel — T e ||
Item T(°C) Ve (V)
T1 152 0.067958
T2 30.05 0.073036 ||z
T3 45 0078969 ||
T4 59.93 0.085414
T5 748 0.091932
T6 89.8 0.098402
SenSitiVity (mV/K) XSensitivity gt'qﬁ;é%ol'?SP or K factor ’
DUT GaN-Sample2 e v
Ttem T(°C) VE(V)
T1 15.14 0.064491 T
T2 30 0.06847 ||=
T3 44.96 0.073036 §""“ I
T4 59.87 0.077943
T5 74.8 0.083534 port
T6 89.8 0.08993
Sensitivity (mV/K) 0.339366 °%

100




T3Ster Measurement Results

-Rthjc-ATj and Tj- GaN-S1 S EFD

> ATj @ 25°C is 24.6°C
s Tj=ATj + Tref.= 24.6+25=49.6 °C

Sampl e1 T3Ster Master: Smoothed response

v

25
20 |-
AN
5 \
‘2 15 | N
g N
g \
E, \\ 246
@ \
32
2 10 |
[
=
\
\
5 \
\
\
\
\
\
— _Sample1 5V 500mA A Ke-1-Ch.1 [ || N
O 1 Ll 1 1 Ll L L bl L | S O N S N I NN A S N S e 0
1e-6 1e-5 1e-4 0.001 0.01 0.1 1 10 100

Time [s]

T3Ster Measurement Results

-Rthjc-ATj and Tj- GaN-S2 Q EFD

o ATj @ 25°C is 54.49 °C
s Tj = ATj + Tref.= 54.49+25=79.49 °C

Sampl e2 T3Ster Master: Smoothed response

60 T T T T T T T T
— _Sample2_5V_500mA 2A K6-1- Ch. 1
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® \
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\
\
\
\
\\
10 X
\
\
\
0 | [
1e-6 1e-5 1e-4 0.001 0.01 0.1 1 10 100

Time [s]




T3Ster Measurement Results-Rthj
Structure Function- GaN-SI]

s Integral Structure Function@ 25 °C
%> JESD 51-14 TDI Method » Thermal pad : K3/K6

5o Rthje =2.867K/W (535 LAAT » A EREH)
Sample]_ T3Ster Master: structure function(s)

CORPORATION

1e6 1e6
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-
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T3Ster Measurement Results-Rthj
Structure Function- GaN-S1 @ EFAD

s Integral Structure Function@ 25 °C
> JESD 51-14 TDI Method > Thermal pad : K3/K6

s Rthjc = 2.867TK/W (53 BELIRT » R & HZH)
Sample1 T3Ster Master: structure function(s)

1.815 1.052
1e6 [ —— ~ 7} 16
_Sample1_5V_500mA 3A K3- Ch. 1 =
_Sample1_5V_500mA_3A K3 - Ch. 1 (Differential) :
_Sample1_5V_500mA_3A_Ké-1- Ch. 1 o
_Sample1_5V_500mA_3A K6-1- Ch. 1 (Differential) :
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o]
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= s
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1 1
0.01 0.01
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T3Ster Measurement Results-Rthj
Structure Function- GaN-S2

s Integral Structure Function@ 25 °C
%> JESD 51-14 TDI Method » Thermal pad : K3/K6

5o Rthje =43.53K/W (3@ 86 LAAT - A EtREH)

CORPORATION

T3Ster Master: structure function(s)

4353
1e6 T T 1e6
i
— _Sample2_5V_500mA_2A_K3-2 - Ch. 1 b~
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T3Ster Measurement Results-Rthj
Structure Function- GaN-S2 @ EFAD

s Integral Structure Function@ 25 °C
> JESD 51-14 TDI Method > Thermal pad : K3/K6

5o Rthje = 43.53K/W (5373 BELART » REHZH)
samplez T3Ster Master: structure function(s)

1
_Sample2_5V_500mA _2A K3-2- Ch. 1
_Sample2_5V_500mA_2A K3-2 - Ch. 1 (Differential)
_Sample2_5V_500mA_2A K6-1- Ch. 1
_Sample2_5V_500mA 2A K6-1- Ch. 1 (Differential)

r
41 10000

2 ¥
2 °
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[§) x
1
0.01
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Summary of T3Ster Measureme
- Rthjc

v
> CORPORATION

Rth [K/W]

GaN APyq TSP AT; T; Ry.pur Rip-sotder Rypcs
Samplel(w/o PCB) 1.992W  0.412mV/K 24.6 °C 49.6°C 2.375K/W - -
Sample2(w/ PCB) 1.058W 0.339mV/K 54.49°C 79.49°C 3.152K/W 11.09K/W 29.29K/W
T3Ster Master: structure function(s)
1e6 == i T N:A T T T T 1e6
— _Sample2_5V_500mA 2A K32 - Ch. 1 b1
—_ _Sample2_5V_500mA_2A K6-1- Ch. 1 g
— “Sample1_5V_500mA 3A K3- Ch. 1 »
— “Sample1_5V_500mA 3A K6-1- Ch. 1 :
10000 i i ﬁ -1 10000
! | o
i | o
i [ b
Ll 2
nl :
100 f ! - 100
< g
S x
1k 41
- 0.01
1e4 L L I 1 I o4
0 10 20 30 40 50

Case 2

IC Design Change
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Case IC Design Change@

-~ CORPORATION

£ m HEED Rthjc Rthja

compound

— 1

Design 0 l_—l ' v v
(Casel) PCBI 0 0 O 0 O 0 0 OO 0Soldar1

° )2 A% (Open face) + EVB (PCB2) Chip
Design 1 ° FRIPCB2 LI ' 4
(Case2) o E3loJc & BlalliE R = v v
° 72 A%J%% (Open Face) &~ LEVB (PCB2)
° EIRHPCB1 Nkt Chip
Design 2 e EjleJc & BJalIER » v v
‘FEB/O 00 0 0O O O o older
° B3i%(compound) £ LEVB (PCB2)
. [} %;}EEEPCB1—FH#EH2‘CH compound
esign3 || o EHGUaMIER o v v
=5

Case IC Design Change &2

~ CORPORATION

5o 1¥DesignO~Design3RV AL 18 K EUMUE —HELCE - EEEESRE £ - OJ38IRA
CompoundfJs&&t(Design0, Design3) & 8l H AR AYEAFE B/ )\ -

5o B _F#iE G (Design0, Design1)fBEFE 142 fa(Design2, Design3) + O 8t
HA&Z—EEVB(PCB2)W % - ARHEIAIRS -

T3Ster Master: structure function(s)
[ [ [ [ [ [

10000 [~ —{ 10000

100 - Design3 Design0 § Design2{ Debignl

Cth [Ws /K]
K [W2s/K?]

0.01

Ted - 1e4

0 5 10 15 20 25 30 35 40
Rth [K/W]




Case IC Design Change@

-~ CORPORATION

T3Ster Master: structure function(s)
1e6 T T T T T 1e6
—_— Design3_
_— _Design2_

-4 10000

Rl > H§’ Design2#1Design31Y Design3
BB HELLLER - <
w |- o FECompoundfyDesign2
F£ChipEaSolder1 1z &Ry
(A= GRS EE RN
AL ©

- 100

Cth [Ws /K]
1
K [W2s /K

= 0.01

- 1e-4

1e-4 r._*-.“
|

16-6 ' ' ' ' ' 16-6
0 5 10 15 20 25 30

Rth [K/W]

Case IC Design Change ] —

-~ ORPORATION

Design2 /Ch‘p Design3 coyound
wﬂ:@bme” PcB 1-g—-=mn Dot ononn Sl
Rth Design2 Design3 w/ compound
Chip 3.364 K/W 2.617 KIW -22.2%
Solder1 7.262 K/IW 3.664 K/W -49.5%
PCB1 15.74 KIW 8.262 K/IW -47.5%

so BCompound - ERBEM BB EBEENNE -




Case IC Design Change@

PCB 2

Design0

PCB1 O J; 0O 0 0 0O olosmdam

Solder 2

-~ CORPORATION

Desngn1

Chip

PCB1 Solder 1
Solder 2

PCB 2

Rth Design0 Design1 w/ compound
Die 2.559 K/W 3.468 K/W -26.2%
Solder1 3.516 KIW 6.975 K/IW -49.6%
PCB1 4.042 K/IW 11.65 K/W -65.3%
Solder2 & PCB2 5.488 K/W 11.88 KIW -53.8%

5o ABCompoundRVEAFHESRE - £ CIREEPCBIERE ENNARA -

Case IC Design Change@

-~ CORPORATION

Design1 /Ch‘p

|
PCB 1 Solder 1 PCE 1 Solder 1
Solder 2
PCB 2 |

Design2 /Chip

Rth Design1 Design2 w/ PCB2
Die 3.468 K/W 3.364 K/W +3.09%
Solder1 6.975 K/W 7.262 KIW -3.95%
PCB1 11.65 K/IW 15.74 KIW -26.0%

Solder2 &PCB2

11.88 KIW

so FECompoundMixmE L1 - PCB2%tDieFlSolderfy
BEPCB1AMEIZAERBEEREE) -

= E/\R4% -




Case IC Desigh Change & E~[J

~ CORPORATION

Design0 Design3 coyound
PCBY LO O °]’°S°'d3” o n[ 00000 O0 l a Solder 1
00 0 000000000 Wﬁ
Rth Design0 Design3 w/ PCB2
Chip 2.559 K/W 2.617 KIW -2.2%
Solder1 3.516 K/IW 3.664 K/W -4%
PCB1 4.042 K/IW 8.262 K/W -51.1%
Solder2
& PCB2 5.488 K/W - -

so ACompoundiJtxmE £ - PCB2¥PCB1H
AMEVERREERER) -

Case IC Design Change &2

~ CORPORATION

s  ABCompoundiF £ .
a. | FiRAF - BCompoundiixm - HRNBEMRHAHEBBENNRE
WERREBE20%LL L -
b. B LM - BCompoundiyixmtt _EikAT - ZEDiefSolde1 R Z AR AH
i1 - MPCBIMNZEIREIBI L 15% L1 L -

s HEVB(PCB2)MFZ .

FERiEmaedACompound - EARMAERNE Eixm - ¥ DieFSoldel
S ER/NETEA%UA - (BEPCB1AIE[ERIBE RIENE : CompoundiiF
PCB1Z4[HNZ26% - A CompoundFEITIHZXI51% - #AIAB FRais
YN - PCB2¥iPCB1RVEIZN A RBRERIE RS -

5o FBHAERETEENICTH - ERthjcWER Loty "TAEFK, K '8
MEVB, - HRICTHSERENRE  THOSASHEENoTER - &
BT3SterEREFHERVIFRE) - FEPEICEIRERET LB F EX—ERUMER
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_Case3
Rinjo E {TFlotherm & iz

.~ CORPORATION

T3Ster Principle-Rthja & EF~DJ

JESD51-2a
BRRBONEE

=) oo | X7

79 E/ﬂ\“ iﬁtﬁ. o
BHAAENAE (chip+DA+LF)
(Still-Air Chamber) Solder
30cm*30cm*30cm PCB

/ Rthja = Rth of junction to ambient

Thermal couple




T3Ster Principle-Rthja & EFD

> CORPORATION

Procedure specified in the
JEDEC standard JESD51-1

USB to T3Ster
and Booster

Ry TFlotherm s SEFD

> CORPORATION

so  FA T3Ster 24 Rthja

so $EIRJEDEC JESD 51-2A iR# T B R P ET IR

o BRREZLKEMNRE  RioHLBIgN—RABEMER - ERAE
MZEMEE R T4 E m e bR




Rinjo E{TFlothermi&#} @EFD

Set Parameter 60R090F7 MOSFET
Use JESD 51-2A Im 1A
« Add Fan on left side of DUT Id 10A
e Rthja =4.732 K/W
J / Power dissipation 15.553 W
Ambient Temp. 23.2°C
T3Ster Master: structure function(s)
4,732
100000 f - - - - 3 100000
10000 ;— -; 10000
1000 ;— -; 1000
g_ 100 ;— —; 100 §
% 10 — — 10 g
§] ; ;_ _; 1 x
0.1 ;— —; 0.1
0.01 = 0.01
—— 60R90_1A_10A_K6-JA-FAN-LEFT SIDE-2- Ch. 1 | ]
0.001 - - - - 0.001
1 2 3 4 5

Rth [K/W]

Temperature (degC)
140

122
104
86
68

50

134.0°C

111.0°C
[RigfEEY T3Ster

110.0°C




SEFD
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Case 4
100°CizEmtiBYRthjc=

Device Description-Rthjc & EF~D)

~ CORPORATION

so DUT put on Cold plate(7K;2#)and measurement
s Measurement Parameter as bellow:

Set Parameter MOSFET
Vs 10V
Iy 100mA
Iy 10 A
Ambient Temp. 100 °C

*Remark: |, is measurement current and |, is heating current.

w7




T3Ster Measurement Results_Rthj¢
AT, and T, MOSFET @EFD

s ATj @ 100°C is 17.97°C
5o Tj=ATj+ Tref.= 17.97+100= 117.97 °C

T3Ster Master: Smoothed response

20
15 | -
o
°
E
g
I3
£ 10 | .
3 17.97
2
(0]
s
5 — —_
0
1e-6 1e-5 Te-4 0.001 0.01 04 1 10 100

Time [s]

T3Ster Measurement Results_Rthjc&
Structure Function_ MOSFET @f OEEQ

s Integral Structure Function@ 100°C
% Use JESD 51-14
> Rthje =0.9191 °C/W

T3Ster Master: structure function(s)

(0.9191)
100000 : - : ; . 100000
— _Rthjc_100mA_10.0A_K6_100C - Ch. 1
— “Rihjc_100mA_10.0A_K3_100C - Ch. 1
10000 | 410000
1000 | 41000
100 - 4100
~ g
2 @
10 110 K

= ES
£
O X

s 11

0.1 / o1

0.01 | 40.01

0.001 0.001
0 3

0.5 1 15 2 25
Rth [K/W]
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o BREFHREE  BERRASPZE  REMBKEmAR -
o RERBEBTERRANENR - REARZENAMAK -
5o REHHBARARZ BRI ERABIR -
5o BEISEIE ARG R - REUZ BrRARARIRTS -
5o APRREZE-mail tREZREIBRF -

o RESNMNAREFERZAANEESE -

2 EB B

Mentor Graphics MAD EmAFEXE

CC+DD+EE &=

Contact us Menlor: @E ~D

A Siemens Business = CORPORATION

oz B ARASI SIS

i SdbmALLERFERRE = 289 5% 11F
B :E . +886-2-87724131

BH : +886-2-27173122

#aut - www.efd.com.tw

ERIE . CSD@efd.com.tw

oo EHEIGHEHER

ik : FrdtmRE &€+ ks 10-2 5% 6F
ETah : +886-2-22588186

CORPORATION




).
{0

&
®






