Electronics for the Future
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1. Background of the change PCN No.2222001

[About SiC 6inch additional approval]

In order to expand the production capacity , we are planning to introduce larger wafer sizes ,
6inch instead of 4inch and package assembly factory transfer from the ATX*! plant to

the RIST*2 in-house manufacturing plant.

For the future supply , We ask for your cooperation to approve.

Wafer manufacturing plants and assembly manufacturing plants of new products have proven track records

with SiC 4GMOSFET and other Si products.

*1:ROHM INTEGRATED SYSTEMS (THAILAND) CO., LTD
*2:ATX SEMICONDUCTOR(WEIHAI) Co.,LTD

For the ATX TO-247-4L line, production is scheduled to end after the RIST TO-247-4L line transition.
For the 4-inch line, production is scheduled to end after the 6-inch line transition.

© 2022 ROHM Co., Ltd. P.3



2. Summary of this approval

PCN No0.2222001

Scope

Content

Reason

Verification

Schedule

SiC 3rd Generation MOSFET TO-247-4L Package(ATX factory)

With regard to the above products, we will expand the wafer manufacturing process
from the current ROHM Apollo Co., Ltd. Chikugo Plant to the Miyazaki Plant of Lapis
Semiconductor Co., Ltd.

In addition, the package assembly process will be transferred from the ATX plant to
the RIST in-house manufacturing plant.

The specifications and performance of the final product, including electrical
characteristics and reliability, are unchanged.

To expand production capacity

1. Verification of changes between current and additional plants.
2. Comparison of specifications and performance between current products and
new products.

Please respond within one year after receipt of the application.
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3.Summary of changes PCN No.2222001

Fabrication _

(Wafer manufacturing) Factory ROHM Apollo co., LAPIS Semiconductor
(Chikugo) Co., Ltd. (Miyazaki)
SiC Wafers 4 inch 6 inch
Package | Using | ChangeRequest _
(Assembly) Factory ATX RIST
Package TO-247-4L(C14) TO-247-4L(C15)
Dimensions Slightly Different
Marking Different
Tube Different

X RIST:ROHM INTEGRATED SYSTEMS (THAILAND) CO.,LTD.

Specitcavon il I T I

Datasheet The package outline and taping code will change.
(Electrical Characteristics ) Other characteristic values and graphs remain unchanged.

Reliability Test OK OK
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4 . Affected Products

PCN No0.2222001

Please refer to PNList



PCN No0.2222001

5. About wafer manufacturing process
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PCN No0.2222001

5-1. Factory Overview

[ ] Company Name: Lapis Semiconductor Co., Ltd. Miyazaki Plant

[ ] Representative: Kazumasa Wakuno(President and CEQ)

[ ] Location: 727 Kihara, Kiyotake, Miyazaki City, Miyazaki Prefecture

[ ] Date of establishment: October 1, 2008

L] Capital: 300 million yen (wholly owned by ROHM Corporation)
[] Business: Power Devices, MEMS, WL-CSP, etc.

L] Number of employees: 686 (as of October 2020)
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5-1. Factory Overview

PCN No0.2222001

Assembly
process
_

ROHM Electronics
Dalian Co., Ltd.

CsRSIR.

ROHM Semiconductor
(China)Co., Ltd

DiE"[IP|S]D

ROHM Korea
Corporation

Front process
(wafer manufacturing)
s

Lapis Semlconductor
Miyagi Plant

Rohm Sia Plant

ROHM-Wako ROHM Integrated ROHM Electronics

Electronics Syt Thailand) Co., Ltd. Philippines, Inc.
(Malaysia)Sdn. Bhd. ystems (Thailand) Co., o]s)

IC)T7 | DilSic k[l (1C) S TH[DiRY

SR/,

Lapis Semiconductor| Rohm Apollo  Rohm Wako  kyoto Head Office

Miyazaki Plant

ic{S|bilse

(Fukuoka) (Okayama)

IC|T|DiSc) [ICDIE[l?) (IC[S|THE
SI©

% Wafer process is only part assembly process
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5-2.List of changes PCN No.2222001

B List of changes from conventional products

Item Current products New products Purpose of
change
' : : improve productivit
Factory ROHM Apollo co., Itd. (Chikugo) LA.PIS nglconductor Co., Ltd p p y
(Miyazaki)
Wafer size 4inch 6inch improve productivity
Back side Ti-Ni(0.6pm)-Au-Ag Ti-Ni(1.2um)-Au improve productivity
metal Ti-Ni(1.2pum)-Au-Ag
Passivation Polybenzoxazole (PBO) Polyimide (PI) improve productivity
Passivation improve against
structure of outer PBO _SiN Gate Finger Metal Polyimide ‘SiN Gate Finger Metal passivation cracks
peripheral area Metal A& Metal due to thermal stress
(red frame below) sic ™ Insulator sic Insulator
Back metal Back metal

For 6inch products ,the back metal composition and passivation structure will change.
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5-3.Comparison of production plants PCN No 2222001

Conventional factory Additional approval factory
Production plant Rohm Apollo Chikugo Lapis Semiconductor Miyazaki
Wafer Diameter 4inch,6inch,8inch 6inch
Temperature | 23C 23C
Humidity | 4% 5%
I %
Clean room ?vlvi?:rhgfpsfsure Class3(0.1um) Class4(0.1um)
area)
Airflow method laminar flow laminar flow
Design Rules 0.35um 0.35um
Quality Management System SPC System SPC System

*Cleanliness is class according to ISO standards

There is no difference in The clean room environment of conventional factory and additional approval factory.
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5-4.5M Change Point Verification

PCN No0.2222001

Production plant
current products new products
Target Rohm Apollo Lapis Semiconductor Concern Verification Decision
Chikugo Miyazaki
4inch-6inch 6inch
Man Operator Adoption of licensing Adoption of licensing leferencg in No skill difference No
system system work skills problem
D Machine Production binch vevgz?g—rﬁzr:tpatlble 6inch vggz?;;gzr:tpatlble Difference in
o equipment (4inch combined use) |(Mass production results) specification Process change point
E verification
In Warer 4inch warer Ginch wafer Difference in Electrical characteristics No
o Material* Passivation Polybenzoxazole Polyimide specification,
n Back sid tal Ti/Ni/Au/A Ti/Ni/A Reliability Workmanship problem
g ack side meta i/Ni/Au/Ag i/Ni/Au confirmation
c
© N
Y 6inch wafer process line | 6inch wafer process line| Difference in Reliability
O Method Job method (4inch combined use) |(Mass production results) specification
After wafer 6inch wafer-compatible | 6inch wafer-compatible Difference in No
process : i measurements . .
Measurement equipment equipment Correlation evaluation problem
measurement . . . between the
(4inch combined use) |(Mass production results) Drovers

In accordance with the 5M change point, we confirmed that there are no problems.

*Materials are only those that have changed.

© 2022 ROHM Co., Ltd.
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5-5. Process Change Point Verification

PCN No0.2222001

ROHM

SEMICONDUCTOR

Equipment and methods material Differences and decision
No Process operation Apollo Lapis Apollo Lapis concerns Validation results O or x document
Chikugo Miyazaki Chikugo Miyazaki

1 Fab Input 4inch 6inch Difference in No difference in specification o P.39-41
P Wafer Wafer inch diameter No failure in reliability test P.42-48
2 Cleaning Same type specifications Same type chemicals Nothing Hg (fj;?rﬁrrg?ﬁeréﬂasgﬁf;/ﬁ,f:;tlon @) gig::;
3 Oxidation Same type specifications Same type gas Nothing “8 (fj;frs::?rﬁeréﬂaslg)iﬁf;/ﬁtcsstéon @) Eig::;
Photolithography I . . No difference in specification P.39-41
4 (resist coating) Same type specifications Same type chemicals Nothing No failure in reliability test © P.42-48
Photolithography I ) . No difference in specification P.39-41
> (exposure) Same type specifications Nothing No failure in reliability test © P.42-48
Photolithography I . . No difference in specification P.39-41
6 | (resist development) |S@Me type specifications|  Same type chemicals Nothing No failure in reliability test © P.42-48
7 Wet Etching Same type specifications Same type chemicals Nothing mg S;frfrr:?ﬁeréﬂasgﬁg/ﬂf:;,éon @) Eig:ié
Resist remove I . No difference in specification P.39-41
8 (ashing) Same type specifications Same type gas Nothing No failure in reliability test © P.42-48
SiC Trench Etching L . No difference in specification P.39-41
9 (dry) Same type specifications Same type gas Nothing No failure in reliability test @) P 42-48
10 Implantation Same type specifications Same type gas Nothing Hg ?;frjrrsqﬁeréﬂast';ﬁg/ﬂf:;tlon @) Eigj’ré
11 Activation annealing |Same type specifications Same type gas Nothing Hg ?;ffj::r;ﬁeréﬂasgaiﬁtc;/ﬂtc:sttlon @) Eig:ié

We have confirmed that there are no problems with all the changes in each process.

© 2022 ROHM Co., Ltd.
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5-5. Process Change Point Verification

PCN No0.2222001

ROHM

SEMICONDUCTOR

Equipment and methods material Differences and decision
No Process operation Apollo Lapis Apollo Lapis concerns Validation results O or x document
Chikugo Miyazaki Chikugo Miyazaki
. o - : No difference in specification P.39-41
12 Formation of poly-Si | Same type specifications Same type gas Nothing No failure in reliability test @) P 42-48
Poly-Si Etching I . No difference in specification P.39-41
13 (dry) Same type specifications Same type gas Nothing No failure in reliability test O P 42-48
Deposition L . No difference in specification P.39-41
14 inter-layer Same type specifications Same type gas Nothing No failure in reliability test O P.42-48
SiO2 interlayer L . No difference in specification P.39-41
15 Etching(dry) Same type specifications Same type gas Nothing No failure in reliability test O P.42-48
Forming e . . No difference in specification P.39-41
16 surface electrode Same type specifications Same type materials Nothing No failure in reliability test © P.42-48
Metal Etching e . . No difference in specification P.39-41
17 (Wet) Same type specifications Same type chemicals Nothing No failure in reliability test @) P 42-48
Metal Etching L . No difference in specification P.39-41
18 (Dry) Same type specifications Same type gas Nothing No failure in reliability test @) P 42-48
Forming L Use different materials|No difference in specification P.39-41
19 passivation layer Same type specifications PBO Pl Reliability No failure in reliability test © P.42-48
Done before New No difference in Wafer thickness P.15
20 Back Side Grinding Fab Input rocess Same type materials New process No difference in specification @) P.39-41
P P No failure in reliability test P.42-48
Forming L . . Layer structure changeNo difference in specification P.39-41
21 backside electrode Same type specifications | Ti/Ni/Au/Ag Ti/Ni/Au Reliability No failure in reliability test © P.42-48
22 Electrical E:;ractemhc Same type specifications - Nothing No difference in specification @) P.42-48
23 Dicing Same type specifications Same type materials Nothing No difference in specification @) -

We have confirmed that there are no problems with all the changes in each process.

© 2022 ROHM Co., Ltd.
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5-6. Product Performance Evaluation Results

PCN No0.2222001

B SiC wafer thickness after Grind

99% -
98%
95%
90%

80% -
70% —

60% —
50%
40% -

30% —
20%

10% -
5% -
2% -

Normal probably distribution

1% —

-6inch 3GMOSFET

2.337

1.64-
1.28-

0.67

0.0-

-0.67+

-1.28+
-1.64-

T ' |
280 LSL 300

T - T - T
320 340 USL
Wafer Thickness[pum]

Wafer 6inch
Average 326.7um
o 2.5um

-2.33+

*The graph on the left shows the thickness of only the board.
The wafer thickness described in the data sheet contains
the thickness of the metal.

*USL: Upper Specification Limit
LSL: Lower Specification Limit

We confirmed that there is no problem with the process capability of the grinding process(new process).
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PCN No0.2222001

6. About package assembly process
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6-1. Factory Overview

PCN No0.2222001

[ ] Company Name:
[ ] Representative:
[ ] Location:

[ ] Date of establishment;
[] Capital:
[ ] Business:

ROHM INTEGRATED SYSTEMS (THAILAND) CO., LTD.
Kiyoshi Kagiyama (President and CEO)

101/94, 102 Navanakorn Industrial Zone, Moo 20,
Phaholyothin Road, Tambol Khlong-Nueng Amphur Khlong-Luong,

Pathumthani 12120, Thailand

April 2006

THB 1,115.5 million

Monolitic ICs, resistors, transistors, diodes, etc.

© 2022 ROHM Co., Ltd. P. 17



6-2. List of changes PCN No.2222001

B List of changes from conventional products

Item Current products New products
(Ffé?é%my) ATX RIST™

Marking There are changes.

Tube There are changes.

Inner box There are changes.
Package

dimensions There are minor changes.

*1:ROHM INTEGRATED SYSTEMS (THAILAND) CO., LTD
*2:ATX SEMICONDUCTOR(WEIHAI) Co.,LTD

© 2022 ROHM Co., Ltd. P. 18



6-3. Comparison of production plants PCN No 2222001

Conventional Additional approval
factory factory

Production plant ATX RIST

Temperature 23°CE3°C 25°CE5°C

Humidity 35~55% 40~75%
Clean room

Cleanliness* Class7(0.5um) Class7(0.5um)

Airflow method laminar flow laminar flow
Quality Management System SPC System SPC System

* Cleanliness is class according to ISO standards

There is no difference in The clean room environment of conventional factory and additional approval factory.
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6-4. 5M Change Point Verification

PCN No0.2222001

ATX RIST
j(\j'gﬂ (ATX SEMICONDUCTOR(WEIHAI) Co., LTD)| (ROHM INTEGRATED SYSTEMS (THAILAND) CO., LTD) concern verification decision
current products new products
. . . . . . Difference in No skill
Man operator Adoption of Licensing System Adoption of Licensing System work skills difference No problem
Die bonding . .
Wire bonding Equipment with the same
: . specifications
Machine Delt\)/lL?:Sin Equipment owned by ATX (has a mass production
Plating = results of TO-247N)
[ Cu Alloy Frame Process change
q>_) Frame Cu Alloy Frame (Dimensions and shape point verification
£ No problems
may be changed) . with quality
E Halogen Free Resin Difference in Electrical
i . : R characteristics
= . Mold Halogen Free Resin (Subject to material change) specification, *There are
8 Material Reliability Workmanship | S°™e minor
(0?-” Gate wire Wire diameter ¢150um Wire diameter ¢125um confirmation wgrr]lfrr;%issrl\?p.
© : Reliability
c Source wire : :
@) *only 3060AR&3080KR ®400pm x 1 wires ®400pm x 2 wires
Management based on Magg?_leﬁ setgtnzzls'gg on
Method Job method ASE standards. (Consumer Produéts
(Consumer Products standards) -
and Automotive standards)
Use of in-house Difference in
Measurement Shipping Measurement with production equipment measurements Correlation No problem
Inspection ASE-based equipment *Measurement items and standards| between the evaluation
are the same. provers

*Materials are only those that have changed.
In accordance with the 5M change point, we confirmed that there are no problems.

© 2022 ROHM Co., Ltd.
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6-5. Process Change Point Verification PCN No.2222001 | Fristalll
No O';reig?:issn Equri]‘?ggﬁ(l;\ésand il Diffg(l;irggizisand Validation results doec(i)srioxn document
ATX | RIST ATX RIST
1 Fab Input - Cu Alloy Frame Cu Alloy Frame din‘?::sr;gﬁsogrf:jagipe-lv:/rc])iLemi:naship change Please check it P.2.62—237
2 | Devonang | Smete Notning o diference i specficatr o | b
s | wrevonang | SemeEe | Gicgisim | Gegiosm | Chengeof gte e fo difrence 1 specfator o | pEu
ource:@400pm Source:400um

s | woo | Semenpe | helogenrseresn | HoogenFeemesn | CPAROSCrresn o dferice o spectiator o | izu
s | oeurng | Smetee Noting o dference 1 specfcaion o | izu
o | pang | Smemee g o difernce nspectiten || e
7 | Aging speciications Nothing  NC faicre m relabity test o P28
8 Marking Chan(_ggnotf;rr:‘tl:rking Chan(_ggnotf;rr]rgsrking -lv:/r(])iﬁﬁi;naship change Please check it P.23

9 Bulk Cut Sg:g"ﬂecat{lgis Nothing No difference in workmanship O P.26-37
10 Insert tube sg:gqf?cgégis TWO-Si?SSCF;in tube TWS%SFLEES)trJIt?eb - Tube Change LZiL%:naship change Please check it P.24
11 Final test Ss:g?i;égis Nothing No difference in specification O P.39-41
12 Packing - 565%%%232{21”1) 5605?;?5?%&@ Interior box change -lv:/rg)ig;i:naship change Please check it P.25

We have confirmed that there are no problems with all the changes in each process.
There are some minor changes in workmanship.
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PCN No0.2222001

6-6. Product appearance comparison : Frame

current products (ATX) new products (RIST)
< 13.40 o
T
| A\%ﬁlj
. ] ~
1 ¢
AAYD
Lo Qle2:58_
IjnEy!
i S e
& =

The frame dimensions and shape will change.
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6-6. Product appearance comparison : Marking PCN No.2222001

current products new products
(ATX) (RIST)
P/N P/N
Markin Production year Production year(Dot Marking)
J Production week Production week(Dot Marking)
LOT ID LOT ID(Dot Marking)
O O PN s
| | ROHM !
VISU8.| P/N \‘é -------------------- : I‘r;; """ :'_‘:'
L N4
YY=>last two figures of o \ /
production year (A.D.) indicating production code
WW =>production week (dots for internal control in
XXXX=>LOT ID ROHM)

The marking contents will change.

© 2022 ROHM Co., Ltd. P. 23



6-6. Product appearance comparison : Tube

PCN No.

2222001

current products (ATX)

|

m FRODUGT S I'TPE FAGE
A A MR I TR TO-247-4L | ci4 | 1/1
1.
Packing
-1 Fa—TFtik
Tube dimension Ak i propray
7 | Stoplelng Pin 5335 Stoppm? Pin
i = I 1

=

.

WA m

Unit :mm
-2 Fa—T7HE: PVC+#HFEE5EME

Tube Material : PVC + Antistatic Treated

1-3 EENE: Fa—TREMEAIMEAY LTS
Packing Amount : 30pcs in Tube

new products (RIST)

‘ PRODUCTS | YPE | PAGE
SEMIFONOLCTOE TO-247-4L C15 1.2
L
Packing
1=1  Fa—Ftik
Tube dimension
513%1 8.0=+0.3

N\
N
]

’
’
'—_a
0

0

i

—
E0FT9C
E0Fv8y

I 518

Fa—F2thE

-2 Fa—7FHE: PS+FHWEFLAE
Tube Material: PS + Antistatic Treated

-3 EEEE: - Fa—7AREEHGEI0EAYETD
Packing Amount: 30pcs in Tube

The dimensions, material, and ejection method will change.
Please check if there are any problems with your process.
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6-6. Product appearance comparison : Inner box, Outer box PCN Mo.2222001

current products (ATX) new products (RIST)

[ PROOOCTS TYPE FRGE RO H m ‘ PRODOGCTS ‘ TYPE FAGE
| CNM D LI T TO-247-4L ci4 141 SEMICONNEC TR TO-247-4L c18 22
2
LiEEE Inner Box
Inner Box 2-1 E:;Eiiéfriiﬁ. )
= waEsEsx . TrererTimensen There is a notation of "4L" in red
Inner Box Dimension Tl RS
R Iy
o o hY s \/\\% \
o fﬁ_/ SN | s h....--——'"'-_ 5
e o ~Es Eal
'.:__ " " T ‘?i e 5535 o label
I . .
=L W -/ ] .
label ™ S f_‘___,-'--""’ T ___d__.--">\ BT mm
R It e Unit  mm
e — o 2-2 MIEEE:Fa—7 1545 (MB450E) AVETD
%.\ '___,---";J%{: Amount in the Inner Box: 15Tube (Product 450pcs)
AN o
WA mm
Unit :mm 3.
Outer Box
-2 {asR: Fao—T0E (ME M4HE) AWET S 31 SHEETE )
Amount in the Inner Box : 8Tube (Product 240pcs) Chitew [Box Dimension

L=
120£6

ER /
P ~] T
ST AN
label %,
chf . 1
~L 56045 i
B -
Uit : mim

-2 SFEEWE-AEERE (AS00E) AYET D
Amount in the Outer Box: 2Inner Box (Product 800pcs)

The dimensions of the inner box will change.
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PCN No0.2222001

6-6. Product appearance comparison : Package Dimensions(Marking side)

current products (ATX) new products (RIST)

500020
16.00x£0.30
| ,I N 2.00%0.20 16. 00%0. 20
/JL— 5. D0%0. 20
2. 00+0. 20
LFH A~ - . s
- ZXR2. 5+0. 20
nﬂ l ‘B /___ /f e e (—
2 - SN W -
3 b y \-,__—/ \\{i_h —
v =
= = H
m 2 g ﬁ =]
ey = 1l e -
H| = & o H 1. 88=0. 20
L H e o
: W
al = = 1. 60=0. 20
| JI i B
" & 2. 42%0. 20 1
240030
_ (I
2 2.64%0.30 1.30%0.30 ;- o : 2. 40%0. 30
S o i :
v o n o
e - o3 <+ 0. 60<0. 15
060x015
L . i 4% 1. 200 13
AN - _
1.20%0.20 2%
5.08 2.54 T 08
254
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PCN No0.2222001

6-6. Product appearance comparison : Package Dimensions(Back side)

current products (ATX) new products (RIST)
14.00 @7 18 14. 000. 20
KO /miﬂ_lo 15 30er 10 /:?' :;i::u

| d C?’ — tt:msrﬁa‘}
: -

17.65

16. 65=0. 20

- 11

5. 80=0. 20

1. 30x0. 20 2. 52%0. 20
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6-6. Product appearance comparison : Package Dimensions Comparison

PCN No0.2222001

Marking side

16. 00

0. 20

16.00£0.30

AN~
n
.

e

5. 00=%0. 205.00£0.20

2. 00%0. 20 2.00£0.20

2. 4020. 30

0.

2.40£0.30

E0#0. 15

(=]
~le
al|l™
ale
wlid o
~ L)
- = 2
m | D sl <
(%]
W
[ X ﬂ
|
=] &
(o]
H -
o —_—
L 2 - =5 -
e o =
ils ~3 i e
| 3 b+ il 4
R | =
| = o | R };
—_— e -+
o~
/ i L "'I.i_x|_2:1:_1'-‘.
4x1. 202020
2% [Z54]
x| 7. 54
5. 08]

5.08

0.60%0.15

Back side

14. 0020. 20
14. 004030 #7. 18 =010
/ ©7.18 +0.10
#3. 6 %010
/n" | 11
| e3.60+0.10
2|2 ﬂ:
i\
oY
=l
Al B
W N \:)
1. 30=0. 20 2. 572%0. 20
1304030 264030

Red

Black :current products (ATX)
:new products (RIST)
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6-6. Product appearance comparison : Lead Height PN No, 2222001

Min Typ Max -

Current product(ATX)’s 210 2 40 270

standards
New product(RIST)’s 210 2 40 2 70 |

standards —>

difference +0 +0 +0 |

Unit[mm]
Concern Nothing.

ROHM comment | There is no problem because there is no change.

© 2022 ROHM Co., Ltd. P. 29



6-6. Product appearance comparison : Package width PCN No.22220t

<>
Min Typ Max N
Current product(ATX)’s dhdh
15.70 16.00 16.30
standards
Nt et S1E 15.80 16.00 16.20 ul
standards
difference +0.10 +0 -0.10
Unit[mm]
/ VAR
Concern Nothing.

ROHM comment With the change to RIST products, the dimensional tolerance becomes smaller
and the quality improves.

© 2022 ROHM Co., Ltd. P. 30



6-6. Product appearance comparison : Package Height PCN No.22220t

| AN
Min Typ Max N A
Current product(ATX)’s dhdh
23.15 23.45 23.75
standards
Nt et S1E 23.25 23.45 23.65 ul v
standards
difference +0.10 +0 -0.10
Unit[mm]
/ VAR
Concern Nothing.

ROHM comment With the change to RIST products, the dimensional tolerance becomes smaller
and the quality improves.
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PCN No0.2222001

6-6. Product appearance comparison : Screw hole diameter

Min Typ Max - 7: )
Current product(ATX)’s ®3.50 ®3.60 ®3.70 ' \@%J P
standards ' ' ' '
New product(RIST)'s ®3.50 ®3.60 ®3.70
standards 1 +4
difference +0 +0 +0 | I B
Unit[mm]
Concern Nothing.
ROHM comment | There is no problem because there is no change.

© 2022 ROHM Co., Ltd. P. 32



6-6. Product appearance comparison : Stopper length PN No, 2222001

Min Typ Max DM
; U O\
Current product(ATX)’s 3.85 415 445
standards
New product(RIST)’s 3.80 4.00 4.20 n
standards ¢
difference -0.05 -0.15 -0.25
Unit[mm]
J VAR
Concern There is a concern that it will not be possible to mount due to the

shortening of the stopper length.

ROHM comment | Please check whether there is any problem with the mounting.
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6-6. Product appearance comparison : Stopper width PN No, 2222001

Min Typ Max N A
; U O\
Current product(ATX)’s 234 2 64 504
standards
New product(RIST)’s 232 252 279 n
standards —>[ e
difference -0.02 -0.12 -0.22
Unit[mm]
J VAR
Concern There is a concern that it will not be possible to mount due to the

shortening of the stopper width.

ROHM comment | Please check whether there is any problem with the mounting.
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6-6. Product appearance comparison : Lead length PN No, 2222001

Min Typ Max N A
Current product(ATX)’s dhdh
17.25 17.55 17.85
standards
e RV E 17.35 17.55 17.75 M.
standards 4
difference +0.10 +0 -0.10
Unit[mm]
v J VAR
Concern Nothing.

ROHM comment With the change to RIST products, the dimensional tolerance becomes smaller
and the quality improves.
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6-6. Product appearance comparison : Lead thickness PO Mo.2222001

Min Typ Max L
Current product(ATX)’s 0.45 0.60 0.75
standards
New product(RIST)’s 0.45 0.60 0.75 L]
standards |
difference +0 +0 +0
Unit[mm]
> €
Concern Nothing.

ROHM comment | There is no problem because there is no change.
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6-6. Product appearance comparison : Package thickness PN No.2z22tit

Min Typ Max L
Current product(ATX)'s 4.80 5.00 520
standards
>
New product(RIST)’s 4.80 5.00 520 L]
standards |
difference +0 +0 +0
Unit[mm]
Concern Nothing.

ROHM comment | There is no problem because there is no change.
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PCN No0.2222001

/. Evaluation results
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7-1. Summary of Evaluation Results

PCN No0.2222001

4inch 3SGMOSFET
(Apollo Chikugo)
TO-247-4L(ATX)

6inch 3SGMOSFET
(Lapis Miyazaki)
TO-247-4L(RIST)

Static Characteristics

(Ipsslgss: Vi Vspr:Ron) Same Value
Dynamic Characteristics

(Ciss:Cossr Cres: Qgr Qqs: Qqga) Same Value
Switching Characteristics Same Value
Thermal Resistance Same Value
Electrical Static Discharge Same Value

Gate Oxide Reliability

Same Value*checked by TDDB test

Reliability Test Result

OK

OK

There is no difference in various electrical characteristics between 4inch products and 6inch products.

© 2022 ROHM Co., Ltd.

P. 39



7-2. Comparison of electrical characteristics

PCN No0.2222001

B Electrical Characteristics normal probability distribution (T,;=25°C)

-4inch 3GMOSFET(ATX TO-247-4L)
-6inch 3GMOSFET(RIST TO-247-4L) [SCT3040KRC15]

Gate-Source leakage current
[Igss(Ves=22V)]

Zero Gate voltage
Drain current [Ipg]

[SCT3040KRC14]

*USL: Upper Specification Limit
LSL: Lower Specification Limit

Gate-Source leakage current

[Igss(Vas=-4V)]

99.5% 99.5% gg-g% s
58.0% _ | Vos=1200V 200% [ “ov 000% | [ — = .
S 9500 | Ves=OV 164 S 95.00 | | Ves=+22V 1.64- § 95.0% - | Vo=V 1.64-
S 90.0% - | Ty=25T 1.28- B 90.0% | | Tv=25C 1.28- g 90.0% | | Tw=25TC 1.28-
=) fa] —
5 80.0% - 5 80.0% - £ 80.0% - o1
3 70.0% 0-671 3 70.0% - 0.67- 3 70.0% - :
3o z 80 3 R—
S 50.0% - 0.0 o 50.0% 0.0- -0% inc 0-0-
[} ] . o
40.0% - 40.0% - o 40.0% -
S 300% 6inch S 3000% Ginch © 300% 3GMOSFET o
2 20.00% - 0677 S 20.0% - 3GMOSFET 0.677 2 200% | CpK=1.63 :
ot 3GMOSFET o CpK=2.01 2 4inch
£ 100%- cpK=3.45 4inch -1.28- £ 10.0% pR=2. 4inch -1.28- E 10.0% - 3GMOSFET 1.28-
- 1.64- = i g4 5.0% - 1.644
2 gg:_ 3GMOSFET 1.64 = gg: 3CG';I?EI;ET 1.64 = R CPK=1.51 1.64
1.0% - CpK=2.93 -2.33- 1.0% | i 2.33- 1.0% -2.337
0.5% I I I I I I I T 0.5% A B L B L B L B L L B — T 0.5% LOLALILLI L L 1 S R B O L |/ O I MR RIY I4‘-EI-I]'I“
le-12 1e-10 1e-8 le-6 USL 1e4 1e-12 1le-11 1e-10 1e9 1e-8 usL *7 le-12 1e-11 1e-10 1e-9 1e-8  USL
IDSS [A] IGSS+ [A] 1GSS- [A]
Wafer | N[pcs] | Ave[pA] max[pA] min[pA] o[uA] Wafer N[pcs] Ave[nA] max[nA] min[nA] o[nA] Wafer N[pcs] Ave[nA] max[nA] min[nA] o[nA]
dinch 100 0.00843 0.13011 0.00003 0.00679 4inch 100 2.394 4.919 0.087 1.353 4inch 100 0.716 1.658 0.016 0.486
6inch 100 0.00673 0.02534 0.00043 0.00430 6inch 100 2.031 4.263 0.178 1.006 6inch 100 0.713 2.015 0.015 0.512

There is no difference in various electrical characteristics between 4inch products and 6inch products.
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7-2. Comparison of electrical characteristics

PCN No0.2222001

B Electrical Characteristics normal probability distribution (T,;=25°C)

[SCT3040KRC14]
-6inch 3GMOSFET(RIST TO-247-4L) [SCT3040KRC15]

‘4inch 3GMOSFET(ATX TO-247-4L)

Gate threshold voltage [Vggn)]

Static Drain-Source
on-state resistance [Rps(on)]

99.5%

*USL: Upper Specification Limit
LSL: Lower Specification Limit

Forward voltage [Vg,]

99.5%
99.0% 2.33-
98.0% - Vos=10V
S 95.0% Ip=10mA 1.64-
E 90.0% - T,;=25TC 1.28-
£ 80.0% - i
5 70.0% - 0.7
> 60.0% - 6inch
B8 2000 3GMOSFET 007
£ 30.0% - CpK=1.71 i
2 200%- Zinkh 067
inc
E _ 128
5 iy 3GMOSFET bl
' CpK=1.67 '
2.0% -
1.0% -2.33
05% 4+—F—F——F— T T —— L
LSL 3 3.5 4 4.5 5 UsL 6
VGS(th) [V]
Wafer N[pcs] Ave[V] max[V] min[V] o[V]
4inch 100 4.30 4.78 3.72 0.26
6inch 100 4.31 4.87 3.82 0.25

99.0% 2.33 99 000
. T 337 99.0% 334
98.0% — | V=18V 98.0% — | Ves=0V 233
S 95.0% | I=20A 1.64- S 950% - | [b=20A 1.64-
5 90.0% - | T,=25T 1.28- 5 90.0% -| | T,=25TC 1.28-
o s}
5 80.0% S 80.0% -
3 70.0% - 0.671 5 000 0.67-
> 60.0% - > 60.0% - .
S 50.0% - 6inch 0.0+ S 50.0% 6inch 0.0
S 40.0% - 8 40.0% - 3GMOSFET
© 30.0% - 3GMOSFET [ 30'0%_
2 20.0% - - 0677 a oo -0.67-
= - CpK=1.72 4inch = 20.0% -
£ 10.0% 3GMOSFET|  -t2s- £ 10.0% - 4inch 126
=z 5.0% - CpK=1.68 -1.64- S 5.0%- 3GMOSFET -1.64-
2.0% — 2.0% —|
1.0% -2.33 1.0% - 3334
0.5% T T T T T T T T T T T 0.5% T T T T T T T T T T T T T T T T
25 30 35 40 45 USL 55 2.9 3 3.1 32 33 34 35 36
RDS(on)[mQ] VSD[V]
Wafer N[pcs] Ave[mQ] max[mQ] | min[mQ] o[mQ] Wafer N[pcs] Ave[V] max[V] min[V] a[V]
4inch 100 40.46 44.92 35.43 2.29 4inch 100 3.24 3.27 3.11 0.07
6inch 100 40.45 44.88 35.76 2.24 6inch 100 3.24 3.39 3.08 0.07

There is no difference in various electrical characteristics between 4inch products and 6inch products.
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7-3. Reliability Test Results

PCN No0.2222001

B List of test results

Test items Test conditions Compliant standards | Exam time Saw&lgslze Pll:azlsl:se)
High Temperature _ o _ JEITA ED-4701
Reverse Bias(HTRB) | 12~ 17>/ Vos=Vosmax /100A-101A 1000h 22 0
High Temperature _ ° _ JEITA ED-4701
Reverse Bias(HTGB+)| 12~ 172 C/ Ves=Vesmax /100A-101A 1000 h 22 0
High Temperature _ o _ _ JEITA ED-4701
Temperature —oco _aoro _ JEITA ED-4701
humidity bias(THB) | 12~ 0> C» Rh=85%, Vbs=100V 100A-102A 1000 h 22 0
Temperature cycle _ _EE9 T . JEITA ED-4701
(TCY) Ta=-55C(30min)~T,=150°C(30min) /100A-105A 1000 cycles 22 0
Pressure cooker(AC) |Ta=121%C, 2atm, Rh=100% JESD22-A102C 96 h 22 0

X Pretreatment conditions: Aging with pressure-docker equipment (105°C, 100%, 1.22x105Pa, 4h)

B Measurement items and failure criteria

Measurement items

Conditions

Failure criteria

Gate-Source leakage current(Izss)

Depends on specification conditions

Outside the specification range

Zero Gate voltage Drain current (Ipss)

Depends on specification conditions

Outside the specification range

Gate threshold voltage (Vggn))

Depends on specification conditions

Rate of change over initial value £20%

(RDS(on))

Static Drain-Source on-state resistance

Depends on specification conditions

Rate of change over initial value £20%

As a result of the reliability test, it was confirmed that there was no problem.
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7-3. Reliability Test Results (HTRB)

PCN No0.2222001

m High Temperature Reverse Bias (HTRB) [Vps=Vpsmaxs Toa=1757C]

40%

ty

20%

0%

-20%

Vth+ Rate of Variabili

-40%

Vas(thy @Igs=10mA

Failure criteria

O O —— =

Failure criteria

0 250 500 7501000
Time [h]

40%

ty

-220%

0%

20%

i Ron+ Rate of Variabili

40%

RDS(on) @ Ids: 20A

Failure criteria

e

Failure criteria

0 250 500 7501000
Time [h]

No Failure after 1000h over

IDSS @VDS: 1200V

Failure criteria

IDSS@1. 20KV [A]

0 250 500 7501000
Time [h]

IGSS+@22.0V [A]

1E-04

'_L
M
o
U

1E-06

1E-07

1E-08

1E-09

Wafer:S4111MUFCZ(6inch 3GMOSFET)
Package:SCT3040KR(RIST TO-247-4L)

Sample size:22pcs

IGSS @VGS= 22V

Failure criteria

0 250 500 7501000
Time [h]
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7-3. Reliability Test Results (HTGB)

PCN No0.2222001

®m High Temperature Gate Bias+ (HTGB+) [Vgs=Vggmaxr Ta=175%C]
Vas(thy @Igs=10mA

40%

ty

20%

0%

-20%

Vth+ Rate of Variabili

-40%

Failure criteria

'_‘_.'—.——'.

Failure criteria

0 250 500 7501000
Time [h]

ty

I
o
S

0%

Ron+ Rate of Variabili
N
o
X

-40%

RDS(on) @I4=20A

Failure criteria

‘_.*i.ﬁ

Failure criteria

0 250 500 750 1000
Time [h]

—

IDSS@1.20kV [A

B High Temperature Gate Bias- (HTGB-)
RDS(on) @I;=20A

Vas(thy @Igs=10mA

40%

ty

20%

0%

-20%

Vth+ Rate of Variabili

-40%

Failure criteria

[T ——

Failure criteria

0 250 500 7501000
Time [h]

40%

20%

0%

-20%

Ron+ Rate of Variability

-40%

Failure criteria

———=—y

Failure criteria

0 250 500 /501000
Time [h]

IDSS@1.20KV [A]

1E-04

1E-05

1E-06

1E-07

1E-08

1E-09

1E-04

1E-05

1E-06

1E-07

1E-08

1E-09

Failure criteria

0 250 500 750 1000
Time [h]

[Ves=Vasmin Ta= 175%C]
Ipes @Vpe=1200V

Failure criteria

0 250 500 750 1000
Time [h]

No Failure after 1000h over

IGSS+@22.0V [A]

1GSS+@22.0V [A]

Wafer:S4111MUFCZ(6inch 3GMOSFET)

Sample size:22pcs

Igss @Vgs=22V

1E-04

1E-05

1E-06

1E-07

1E-08

1E-09

1E-04

1E-05

1E-06

1E-07

1E-08 |

1E-09

Failure criteria

0 250 500 750 1000
Time [h]

Failure criteria

0 250 500 /750 1000
Time [h]
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7-3. Reliability Test Results (THB)

PCN No0.2222001

B Temperature humidity bias(THB) [Vps=100V, T,=85°C, Rh=85%]

VGS(th) @IdS= 1 OmA

40%

ty
M
o
X

o
S

-20%

Vth+ Rate of Variabili

-40%

Failure criteria

Failure criteria

0 250 500 7501000
Time [h]

40%

20%

0%

-20%

Ron+ Rate of Variability

-40%

RDS(on) @I;=20A

Failure criteria

Failure criteria

0 250 500 750 1000
Time [h]

No Failure after 1000h over

IDSS @VDS: 1200V

Failure criteria

0 250 500 750 1000
Time [h]

1GSS+@22.0V [A]

1E-04

»—~
m
o
a1

1E-06

1E-07

1E-08

1E-09

Wafer:S4111MUFCZ(6inch 3GMOSFET)
Package:SCT3040KR(RIST TO-247-4L)

Sample size:22pcs

Igss @Vgs=22V

Failure criteria

— =
1

I M
0 250 500 750 1000
Time [h]
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7-3. Reliability Test Results (TC)

PCN No0.2222001

B Temperature cycle (TC) [T,=-55C(30min)~150°C(30min)]

Vas(thy @Igs=10mA

40%

ty
M
o
X

o
8

-20%

Vth+ Rate of Variabili

-40%

_@ 40%
Failure criteria =
Z 20%
©
==
[T,
——0——C—0 © 0%
g
1~}
o
. . . +'2OD/0
Failure criteria [
[=]
o
-40%
500 1000 1500

cycle

RDS(on) @I4=20A

1E-04
Failure criteria| " 1E-05
=
S 1E-06
—=—=r— =0 o
— L
@ 1E-07 E
)
)
Failure criteria| 2 1E-08
1E-09
0 500 1000 1500

cycle

No Failure after 1000cycle over

IDSS @VDS= 1200V

Failure criteria

500 1000 1500

IGSS+@22.0V [A]

1E-04

1E-05

1E-06

1E-07

Wafer:S4111MUFCZ(6inch 3GMOSFET)
Package:SCT3040KR(RIST TO-247-4L)
Sample size:22pcs

IGSS @VGS: 22V

Failure criteria

1E-08 PN

1E-09

Rth Rate of Variability

0 500 1000 1500

cycle

Rth
40%
Failure criteria
20%
e
-20%
Failure criteria
-40%
0 500 1000 1500

cycle
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PCN No0.2222001

/-3. Reliability Test Results (TC)

m Cross sectional observation of Non-defective samples after TC 1000cyc

6inch 3GMOSFET 4inch 3GMOSFET
[SCT3040KLHRC11] [SCT3040KLHRC11]

4inch 3GMOSFET Reliability Test Results (TC)

Wafer:54101UCCFH

® Temperature cycle (TC) [T,=-55C(30min)~150°C(30min)] Package:SCT3040KL(TO-247N)
Sample size:50pcs

Vs @l =10mA Rosion) @145=20A Ipss @Vps=1200V loss @Vgs=22V Rth
“ . A0% 1604 4

Forecreens |

N I

H B1e . r i
] 1 N o | o [ -
L s | ¥ o

No Failure in 1000cycle over

SED 5.0kV WD8mm P.C50 HV x i R
SiN SiN In 4inch 3GMOSFET, SiN layer in outer peripheral area
PI < — PBO
may be cracked due to thermal stress such as temperature cycles.
Metal(AICu) Metal(AICu) However, at the time of the TC 1050 cycle, the cracks are minor
and there are no changes in characteristics, so there is no problem.

al
Insulator SiC Insulator SiC

Structural changes have improved robustness against the cracking of the passivation layer(SiN).
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7-3. Reliability Test Results (AC)

PCN No0.2222001

B Pressure cooker (AC) [T,=121°C, 2atm, Rh=100%]

Vas(thy @Igs=10mA Ros(ony @I4s=20A Ipss @Vps=1200V

40% 40% 1E-04
= 2 Fail iteri
= Failure criteria | & Failure criteria < 1E-05 allure-critera
= 20% B 20% =
z = >
= > S 1E-06
S 0% Qe— S 0% & ® : ;
i - © 1E-07 &
[~
e -209% e 209% 8%'
- o

= Failure criteria é Failure driteria 2 1E-08
= &

-40% -40% 1E-09

0 50 100 150 0 50 100 150 0 50 100
Time [h] Time [h] Time [h]

No Failure after 96h over

150

IGSS+@22.0V [A]

1E-04

»—~
m
o]
Q

1E-06

1E-07

1E-08

1E-09

Wafer:S4111MUFCZ(6inch 3GMOSFET)
Package:SCT3040KR(RIST TO-247-4L)
Sample size:22pcs

Igss @Vgs=22V

Failure criteria

—

0 50 100 150
Time [h]
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