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HE = X| Advanced PKG H|=

ALMICH &8 X
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« Advanced PKG A& ‘21'd $375(Stsl 2F 49.8 =)0l ‘27 $1,221 (83

. r Xt
verview o -
Overvie . MAEO| OAE] S HHE K| Advanced PKG AIZ9] Logistics system} C{£0] 25/ZAL &H| ZESa|Q Sty

Advanced PKG A& Y SFA D=0 =0|
chel : o
14,000
12,000
10,180
10,000
AP, $37.5 B, PRSP, 8,354 8,508 - 11%
@YOLE 44% @YOLE .53%- s 8 000 3% 7,838 13‘y 7,598
7 (e}
E e 2021 2027 B 1% ] N s
revenue is Others ($84.4B) oth ($1221B) 2000
swif‘t\y ‘ 'I .ers. )
aerger.  [NES e ]

traditional

packaging
market 4,000 - -

In 2021, Advanced Packaging accounted for 44% of the total 2,000

packaging market. This will increase to ~53% in 2027 at about $65B.

20Y 21Y 22Y 23Y 24Y3Q
CJAZH0| m2|HY/7|EF =Glass = O|AFX| mEIZA|

=X : YOLE Intelligence, Technology & Market Trends for Advanced Packaging

! SF/x oi 201 =oj0



A&P Equipment? :

$140
$120
$100

$80

$60

USS Billion

540
$20

$0

1
W A&P Equipment
" Test Equipment

m Wafer Fab Equipment

Assembly & Packaging Equipment

SEMI 2024 Mid-Year *Total Equipment Forecast
by Segment (US$ Billion)

2022 2023 2024F 2025F
5.78 4.03 443 5.98
7.52 6.27 6.73 8.77
94.10 95.61 98.31 112.78

Source: SEMI Equipment Market Data Subscription (EMDS), July 2024

FY(HPC)E RBIM| ClHIO| A, XpSX}, 44 AU 71EHMZ 8 250 ©E £t 37t oY

74
a
ZHd| D=2 34.9% S71%t 2F 60 =2, Test H| = 30.3% 715t oF 88 THe| EX M@t
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* 7|& Wire bonding?| &8 3 % stA|(Wire0] 2|t THEf 2
3D Package 7|&= - 1E3L Ik 7|% 2l0] HXY 71% ThE T > A2 M Needs?t 52
« Advanced packaging®|A T &|= PitchZl 10~30um =&

g 4

intel
SAMSUNG

2.
tsmc
o'

‘l: GlobalFoundries Stopped

20to 10 um

50 to 30 um

95to 48 um

Bu Pitch (un 200 to 150 um

400/350 um 300 um

44 to 20 um

80 to 40 ym 60 to 30 um

-
[}
L=
=)
w

x
%]
@

o

©
@
o
-
©
>

©
<

Technology roadmap — front-end manufacturing vs. advanced packaging. SOURCE: Yole Group, 2020

Z=X : https://chipscalereview.com/wp-content/uploads/2022/09/ChipScale_Sep-Oct_2022-digital.pdf
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- Wire bonding Roadmap 2 EH, 209 MO & =F1} §Al > K| 7|= &E AS
E DNV C Al - SFAS| AH| LAY} IZHALe| QM Roadmap Matching

- 2025 M3l EH| 72 5! 2026 Y AH(or Pilot) AH| "L A= o™

Product ~2004 2005 2006 2007 ~
= 5Chip | 6 Chic | 8 chip

Chip Stacked | /o= ‘ |
FC Bonding )
Mold Clearance | 150 130 um ( 100 um )
Die Thickness ||  75um | 60 um 50 um |
Die attach Materiall 25 ( 15 um | E==A0ume
Wire length | 6mm ] 8mm i 10mm ]
Nire Pitch | um ] 35um It 30um ]
Number of Wirell 200 | 250 L 300 | 400 ]

2 Dimensional
X-Ray Image

Single Chip

Higher Density!! I-}

Spansion’s Roadmap for Die Stacking

Source: Spansion

=X : https://www.microbonds.com/old/docs_tech/AnalysisWireBondingflipChip.pdf

’ SF/x oi 201 =oj0



- Wire bonding= CHA|5}7| £/t 7|=2 3D Package Hi410| 7}s%t AH| 72
3D Package 7|= - HIFEZFSE UMY 75 : MHA UM [}E Side effect WX|(vs. Wire bonding H£4])
(o)

- CHEH SA M 75 : 1l 7t HAo| mef n% S i, HE A2l 715 (vs. Wire bonding 1:1 E4])

Wire bonding= CHA| € X 0| M| 3D Package 7| =

Hf A Q14 (Wire bonding) - M= oA, THEF 2[R

Multi stack by wire bonding

=X :SFA
¢ SFPx oj~o01=ojo|



* 3D Package 7|=S =Y 22 M CtLTH Application TS 75
- ZO0|M| BjM 7= : BHXE S5 5 U= ChYet um:L 3D ool Mg

3D Package 7|= . .
g 1= - EMXI= 5, Top-bottom Interconnection, Pillar 50| 7ts¢t M7|'E H|HF 7|= 7|2 U 483 =X F

k

Ir

- PCB 7|2t9| Bump ¥ 37, Solder Pattern ¥4, RO| 2 S0 &8 7t5

3D Package H| &1 Application

( Over steps ) C High resolution >
o 750 <0

/ //f"'* /
o 4

3D printing

¥ . ”

40 pm solder dots

,
e
¢
ra
+
!
-
¢

=X :SFA
= ° SF/x oi 201 =oj0



* 3D Package 7|22 S22 M pplication tHS 7ts

C A
- Z0|M HiM 7] : BAFE S5 = A= e mE 3D Y0 HE

3D Package 7|=

3D Package H| M Application -3D X% / Gap 2

L ——
| ————
T em—— T

Gaps

250 um wide, 750 um tall, 450 pum pitch

=X :SFA
=H 10 SF&x oj~0=0j0



-« 3D Package 7| =S EUE =M

C Application CH-8 75
- ZO|M BjM 7= : BHXHE S5

J = Chersh m 3D HAl0] X8

3D Package 7|&

0

3D Package H 41 Application — Side Hj 4 3D Package Hl 41 Application — Wrap around

=X :SFA
£ 1 SFA oj2o1=ojo]



» 3D Package 7|&& £&o 2 M LYt Application LS 7t5
a

- Micro dispensing 7|= : Z Y {/X| Mo Q2 7Is

3D Package 7|&

3D Package Micro dispensing Application - um 4% Dispensing / Micro-bump &7d

=X :SFA
=4 L SFPx o 20=oj0|



+ 3D Package 7|&2 =& =M CtASH Application LIS 7Hs

o
- Micro dispensing 7|= : B /X0 & i Q12 7ts

3D Package 7|&

3D Package Micro dispensing Application - um Dotting &@/J / nm= Gap Control

xx .
K : SFA 13 SF&x oj201=0j0|



« 3D Package 7|22 =St 2 M CIYSt Application LIS 7ts

- Micro dispensing 7|= : FY X0 2 of& Qi 7=

3D Package 7|&

3D Package Micro dispensing Application — ZLZHA} sample CH S (Yt =X 2| C|AZ 80| £0F H & =3

- - - =
- e e e s " s e o=

2 el v v B

BeEe "Emw

Pad insulation

MLED Ag Repair

OLEDos Repair OLED Repair
=X : SFA

H SFPx o 20=oj0|



3D Package 7|=

HY M S! HAT H] HH| 500l 32
Nano Pattern @& Imprint HH| 325

1=
']
Ol
='=|=I
rm

« Ag H{M 7 EHI pattern Y TH| CHEF 2
—L
=

[ |
 Nano Imprint 5 £ Y Pattern &H| =

S B

q!

Side Hi M ZHH|

EHH| Nono Rod Iff & ZHH|

15
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- Lt Pattern & TH| 4H 2J

- M7HH H|EZ 7|&2 £ Advanced Package Wire bonding CHA| 7|& 70 S &85 F3 &

3D Package 7|&

Equipment Customer Substrate Size
1 EMI Ag Hij417] D Company 800 mm x 1,500 mm 2 ea
2 Ag Electrode D Company 500 mm x 500 mm 8 ea
3 Ag Electrode L Company 500 mm x 500 mm 5ea
4 Ag Electrode S Company 500 mm x 500 mm 4 ea
5 Ag Electrode E Company 500 mm x 500 mm 10 ea
6 Nano Imprint D Company 200mm x 200mm lea
7 Nano Imprint S Company - 3 ea

SFFx ci~oi=ojo|



Glass Core
Glass Core Package 72

Package

Glass Core Package HiZA 3! E&H
Glass Core Package= 2| 7|EHS AFESI0 HX} RES I7|d st= 7=

=

St H 22| nX e} U DataX 2| S A E S5 617 2l BEHE X HFB5l= YA 2| Packaging 7= 27E

Glass &%= E2tAE 0L} 2|20 Bls] =2H, H7|H, <N 40| 2+510] o|2{et HT 3D Packaging 2% 0 X gt

=0

- CTE =7d0| 7}5310] 0|F 21 M50 {2
- BH AHREI|7} % FEE §/40] TOotM DjM|=t 3 thidst A0 S 75

OFp

HIGH-RELIABILITY GLASS INTERPOSER CHARACTERISTICS

DESIRED PROPERTIES GLASS SILICON  ORGANIC
[Borosilicata)

m S |
Insulation Resistance High --
Optical Transparency Optical 1/0 --

Surface Roughness <5 nm ---
Hermetic Vias mil-Spec. ---

=X : https://blog.samtec.com/post/glass-not-your-moms-substrate/

Glass Substrate

0.8mm

X2 Absolics, AT 28, OBAEEXIZZ 2NALIE]

Glass2Xl| 7| &t A8 A| si Interposer ‘4 2F 715 / Chip, MLCC'S Embedding 38 X8 7}

10

oIr

17

SFFx ci~oi=ojo|


https://blog.samtec.com/post/glass-not-your-moms-substrate/

Glass Core « TGV (Through Glass Via) : Laser Modification Chemical Etching 24l & &9t Glass Drilling 7| &£, GlassOil
oM #<& 210] &2 Aspect Ratio2 Hole 7t30]| 75

Package

ZIg e /38 71t 7l

1. Glass 2% YU Drilling 3%
’LMCE - Laser Modification - LMCE - Chemical Etching- o Aspect ratio Eg% 7|'x|E DriIIing (1:10~1:30)

Etchant Slimming  Cut (Hole) , Defect Free Through Glass Via

2. Laser Modification
Laser 2| &2 HE S 0|8310] Glass 2| /i S

HtA

=X : BSP 2| O| X| https://www.bsptech.co.kr/kor/technology/rnd.html 3. Chemical Etching

Laser ZALZ QIch A]ZbEO| M3l E 0| &5= 7=

Through
Hg 9" © Glass 2% 7|% Drilling ZHH|
Application Glass Via
PP 7l&

18 SF&x oi2o=ojo|



Glass Core ~
TGV (Through Glass Via) : Laserg 8%t 35X Etching 2%

Package

Taper Control

TFiry

ZX : BSP / SFA

+ SF&x oj201=0j0|



Glass Core

« TGV (Through Glass Via) : Bare Glass TGV Size 57| 7|&
Package

Back light =&

Top Hole size £ 7t Top Hole size £ 7t5 Top Hole size £ 7t
Waist size 578 =7t Waist size 578 &7} Waist size 8 75
Position = 7t Position = 7ts Position = 7t
20
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Glass Core

Package

¢ H|H EH2E &y

TGV (Through Glass Via) : Bare Glass TGV Size &

21

S

7l 7l=

[ERROR]
X=537.157
Y¥=63.224
Out Circularit
In Circularit

[ERROR]
23.181

¥=622.525

Out Circularity= 0.821

In Circularity= 0.842

[ERROR]
27.941

Y¥=1191.084

Out Circularity= 0.890

In Circularity= 0.000

[ERROR]
X=510.740
¥=1752.336

Out Circularity=
In Circularit

[ERROR ]

¥=68.351
Out Circularity= 0.770
In Circularity= 0.000

[ERROR]
083.488

Y=627.668

Out Circularity= 0.791

In Circularity= 0.594

[ERROR]
092.328

Y¥=1196.030

Out Circularity= 0.854

In Circularity= ©.000

[ERROR ]
X=1066 .566

Y=1755.366

Out Circularity= 0.470
In Circularity= 0.692

[ERROR ]
X=1666 .692

Y=73.057

Out Circularity= 0.915
In Circularity= 0.000

[ERROR]
651.278

=633.485

Out Circularity= 0.895

In Circularity= 0.803

[ERROR]
X=1657.381
¥=1199.339
Out Circularity= ©.909
In Circularity= 0.000

[GooD]
X=1641.024
Y=1760.057

Out Circularit
In Circularit

[ERROR]
X=2230.128
¥=77.488

Out Circularity= 0.517
In Circularit

[ERROR ]
X=2221.701

Y¥=1205.179

Out Circularity= 0.892
In Circularity= 0.000

[GooD]
X=2205.760
Y=1764.976

SFFx oi2o=ojo|



Glass Core - Singulation : £& &M 2 T/ E GlassS Cuttingst= 7| =&, Glass &5 Film BH0| Groove ¥d =, =& E
GlassS Cutting S'HS AF&510] ‘2 Cuttingdt= 7|=

Package

71E 718 / M8 7| 7|=
|_Glass PCB LASER Cutting 7|2 | =

- _ y | _ 1. 5 2% 82 Cutting 378
! (ggf_;',:;nf;ﬂ%mg 21 Step Glass Cutting X Al Filmo| 48}tE Glass 2% MY Cutting 7| &
(SFA PATENTED)
AN 2. X XThH A Laser Grooving 7|&
Green fs Laser Al HAZ % Sample Damage 81 Ablation 7|/
A2 Film ¥ A2 Film ¥ MOTF(Marking On The Fly) 7|= M-8 22 Stage ¥ & Hatching
. % Wobble 4 7t3
Glass Glass 3. Filamentation Glass Cutting 7|=
: Glass LH50| £F A& ZA &/d510| LTt Cutting THH 73/
s i o s i s > Cutting ¥ THH 2X2| 228

@ PI Coated Glass Cutting

S P Glass + 58 =
he e @ YHEH|E Glass PCB 2Xj Cutting

Application MY Cutting

. SFPx oj~o01=ojo|



Glass Core

- Singulation : @4 7|= 1) Laser Grooving Module

Package

GreenrfsiLaser
= Wobble 7}32 S% 712 7T T4

Line Infinities Oval Fig.eight
Film Coated

Stage Moving + Scanner Motion

Scanner Motion

Profilel | Horz.dist. | Haht. diff.
All 1410,5093um|  2.3342um
Seq.l 511.3572um|  67.8487um

Scanner + Ft Lens

Grooving Image

Grooving Image _ Cross Section

23
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Glass Core

Package

« Singulation : &4 7|= 2) Laser Cutting Module (Filamentation Glass Cutting)

Laser Cutting Module

= Laser Self Focusing 2110]| 2|3t Filamentation Glass Cutting

=== .
Focused wms=  Curtain of
ultrafast wmm filaments  Part
laser beam = motion
. .
- 7
=4
-
-
w
A
lonization— ‘=
3
- Self-focusing
a 1
w
A
=
; w
Glass substrate *

Glass Cutting Process

Cutting THH o|0| x|

24
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Glass Core

- Singulation : @ 7| & 2) Laser Cutting Module (Filamentation Glass Cutting)

Package

€ Glass Cutting 7|= H|u
7 SFANE 7|=

Mechanical Cutting Fusion cutting Stealth cutting Filamentation

Check Item (NC + Etching) (LASER) (LASER) (LASER)

X2ty y O ° ® f
il @ Ui? 2=
o= ° A © - PY 1
O ?=
Crack O A O |U| ® n .
o | '1 O Y=
Chipping O A O o
v | a0z
Bending Z4 & () A A O
s Sees Sees S A
Mechanical Cutting
: X'!'C“t f‘ CNCZ Round 7t& Fusion cutting Stealth cutting Filamentation
7ts E 24 Me (7+38 8l (7+38 B 40| lasen) ( Micro via & 4)

Y Cut

X Cut

vV vy

> SFP ol 20=0j0|



Glass Core * Glass Substrate2t& CIYSt Laser 378 &H| 2 ER
- CHEZEC| Display4t®] £0F0| M =Xt Laser 7| &S 7|92 Z Glass Core Package A|® ZIY £ &

Package

Laser Driller Laser Etcher

6Gh OLED Laser Drilling E.Q _ Tablet, IT Application 6Gh OLED Laser Etcher _ Mobile, Camera hole

N
i :
Hole Size : 8.0 I I
k g Laser Cutting
; :
=" = = , : 12.7” uLED Laser Cutting _ uLED TV

IHD ll- I=

SFFx ci~oi=ojo|



Glass Core

o C}2FSt Sizel| Glass Substrate & Laser 27 &H| AX HQ

Package

Equipment Customer Substrate Size Application
1 LASER Etcher S Company| 725 mm x 1,250 mm lea 2013 TV EL
2 LASER Etcher S Company| 725mm x 1,250 mm 1 ea 2015 TV EL
3 LASER Driller S Company 650 mm x 750 mm 1 ea 2015 For Tablet
4 LASER Driller S Company 925mm x 1,500mm 2 ea 2016 For Tablet
5 LASER Etcher S Company 650 mm x 750 mm lea 2018 For Mobile, Camera hole
6 LASER Etcher E Company 925mm x 1,500mm lea 2019 For Mobile, Camera hole
7 Laser Cutting S Company 280mm x 170mm lea 2021 ULED TV
8 Laser Cutting S Company 280mm x 170mm 3 ea 2021 uLED TV
9 LASER Etcher E Company 925mm x 1,500mm lea 2022 For Mobile, Camera hole
10 LASER Driller A Company 365mm x 460mm lea 2022 For Tablet, IT application

SFFx ci~oi=ojo|



e\ 1 TdTo X -Ta (ETe[SM  + Advanced Package M| = Stacking 37
HAYEH 7| - HBM 72| O|M2t, Thazle| @3 —» nFE6ls, 1<% H|mt| HAI 27

| HBM DRAM 1 TSV

| HBMDRAM

HBM

| HBM DRAM |

L%t Logic & HHX|

| HBM DRAM |

Opo|=32 Ho Base Die Logic

[ Jemeem=s] [ |

o
= TITYr yrarrrrrrrIr Y- Y YYYYYYYY

3| x| 2
m3|x =

Solder7} AFRFA|HAM & &2, O B2 1/0 Chip & 54

Y

Solder Attach ~ Hybrid Bonding

JI— i
T T o
Solder _ fabricated
_m (Bumpn) Selectrc A
surface

4 )
| & u | =
Initial attach
‘ Cu pPillar Cu pPillar Cu pPillar Cu pPillar
Olkponse [ : High 50 um 30 um 20 um 10 um
= -L — 4001/0 1,000 I/0 2,500 1/0 10,000 1/0
[ TSV vs Hybrid bonding 1 [ Bump pitch roadmap ]

* Intel : Enabling Hybrid Bonding on Intel Process * Onto Innovation : bump pitch roadmap

[ Hybrid bonding X & 4%t 04| ] [TV HE 3¢t 04l ]
=X . ot rjst i R A8l 1 4= Advanced Package Al O|Lt(2024)

* SFA oj2o1=ojo|



- Hlmty| 3 D FsHs MI EF 7|=
- O| X} X| In-Line 3D CT 1% ZAL A| AR QFAS]

- IMOH & S 1 E26ls SEM/FIB WZHi2} 7= B &

Advanced Package

/53871

| Inline System | Stand Alone I

HEAHAE) HITHUSUHEES) (T3 1o 2AFAH2))

O|X}HX| & TE| H 3D CT Inspection FPD[E SEM-FIB Dual Beam System 7H'&

29 SFFx oi201=0j0]



Advanced Package

« Planar CT Inspection System : Advanced Package 3’8 11 2dlls, 1% H|ota| CT A 7|=
dA/5d8 7=

Detector . .
— ° AL
) » 1. 184 Man pulator |l=
bl % H"""" fIa ot MES N olildEe YR 7RG flet 360 7YY M
3 Manipulator.
DL == A KX
= , I 2. Oj& =7 X-ray Tube
P 1 M E AHHE 218 Micro £H (<0.15um) U stable $ focus moving &
o Uniformet X-ray emission.
@ 3. 16| 4= Detector
= N Micro pixel resolution CT 8-S 2/t 0.2 um F=&2| pixel resolution & 1Z T
/,/'~7f Y imag dynamic range?| detector.
S .
B . . . D 4. Planar CT Reconstruction S/W
2 7 =0 ZALE FOo| STt Y 7|51t H0l G4 Y 9 XH FHHo| st
N\ & DAHME FY P HRY T2,
- k]
Recon & TtHH image
M BEEH| @ 1265, 1% H|Ioa| Nano Planar CT A|AE)
. .. Packaging, -
Apblication ® Wafer / PCB Advanced Package 3’4 H|Zt3| ZAF A A
pplicatio SMT,PCB

%0 SFPx oj~o01=ojo|



Advanced Package

- Planar CT Inspection System : S&9t A} C&H0flA| 3D CT F4&e| ERd
dMN/EE 7=

X-ray Image

uwatoz

; J

|
| i '
-l ” it m

A Tomographic B Tomographic
Acquisition Reconstruction

!Prajection data
o
vy

Projection data

Forward Back
projection projection
Sinogram: Back- Filtered back-

Projection data repository projection projection

31
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Advanced Package

M

=
Ly |

kA

* Planar CT Inspection System : HBM Bump / TSV 1
/53871

(212 : 00497 mm|

- VYeesw

LA B B A B B K N B N

TS eYSYSeYese

e T SUoesesoe

YT TYYSeTesew

Bump % TSV EHH Side View TSV 3D G4

o8
0

Bump Top View Bump Side View

Bump Top View
=X : SFA 32
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Advanced Package

- Planar CT Inspection System : Advanced Package Cu Pillar/Bump &% HAl

/53871

Xx .
=X : A 3 SF/x oi~0=0jo]



Advanced Package B

/53871

b5 K=
o =)

Application

In-Fab Review SEM :

Download &0} 11

Review & CD SEM

=

3. SFAQ| =2 X9l "NEO Al Solution” 7|=

1 A= (SEM) XIS HAEH(CDY), EFEM(EDS)7|=2, AOBE HE EF MHE

= 24 A 8 87 7l=

SFA 7 ZH| 7|=

1. Low-energyf Column?|=Z Substrate damage |23} 8

| High spatial resolution

ccs?71ez High-energy modeOi|A| 42241, Low-energy modeF EDs” =

E WE 4 X2[E S Defect segmentation

Resolution 7.0nm
Throughput Time | DPH 1,440
Magnification X70 ~ x300,000
Stage Accuracy +1pm
Probe Current 2.0pA ~ 400nA
SE Chamber(Stereo), In-column(Multi)
Detector -
BSE In-column(Multi)
Energy Dispersive x-ray Spectroscopy for Low energy
EFEM | Cassette 3-Load port modules
Substrate(Size= TBD) Glass / Wafer
Image processing | Al High speed SEM scan mode

In-FAB Defect
Review & CD

@® &% Stepil Defect Imaging and EDS analysis
@ Defect review(measurement & analysis)
® 70 Run Layer3l B cD &%

1)CD(Critical Dimension), 2)EDS(Energy Dispersive Spectrometer), 3)AOI(Automatic Optical Inspection), 4)CCS(Charging Compensation System), 5)EDS(Energy Dispersive x-ray Spectroscopy),
6)EFEM(Equipment front end module)

34
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Advanced Package

/53871

« In-Fab Review SEM : Wafer Backside0| CH3t ZZ! 22|

Mag.x10k

#2 Arcing

OM (Objective Microscopy), SEM(Scanning Electrode Microscopy)

XX .
EX : skA SFAx o1 ~0=ojo]



Yo\ 13TeTe B 2CTe /ETel-M - In-Fab Review SEM : 22| # & &4 EDS(Energy Dispersive Spectroscopy), Objective Microscopy CiH]

HAYEH 7|5 Surface Topology &4 £0|

EDS £4 ¢ 3

oM B4 SEM

of
0z

=X :SFA
=KX 36 SF&x oi2o=ojo|



7=-IAI-/§I°-I 7|§ « Advanced PKG H|Z=2}Ql0j| M&£0]| 7}%‘5:_ AlZ|dt 2_|-|-|-7='||A|-7|’ 3D In-line CT & H Q’E
7 2

Sales record . O|X}FHEX|OAM =Xt 7|22 7|80 2 Y= M| Advanced PKG M8 Z4A} ZHH| 7js

Equipment Customer Substrate Size Application
1 Smart Vision Inspection |S Company 110 x 350 x 15t 2 2020 Ot X O X |
2 Smart Vision Inspection |S Company 110 x 350 x 15t 34 2022 oKX O| XM K|
3 Smart Vision Inspection |S Company 110 x 600 x 15t 32 2023 ot X O|XtM K|
4 Smart Vision Inspection |S Company 90 x 320 x 35t 2 2024 2t O XHH K|
5 CT Inspection L Company 7 2023 2 X O|XHH |
6 CT Inspection S Company 75 ~2024 24 O X X|
7 CT Inspection A Company 8 2024 2t O X X|

SFFx ci~oi=ojo|



Overview

Fuel Cell Manufacture Process

X=X A2 K| (PEMFC) AsA2/848M8 =207
. PEMFC Layout K X] I-" x 7| =
« Sheeting Process
* Pre-tack Process of 1
HT

Lamination Process

Stacking & Module Assembly

2HE A=K (SOFC)

SOFC Layout
Marking & Drilling Process
Coating Process

Thermolysis Process

38



« SFA will be solution provider of Fuel-cell manufacturing.

v' Core Technology achieved from Various Business

Overview

v" Many Engineers with Global Standard Project Know-how

v Virtual Verification Capability for the commissioning & performance validation with simulation

SFA Core Strength

High Tech Global
- Coating Process Standard

- Thermal Process - Safety

- Vision (Inspection) - Ergonomics

- Roll-to-Roll System - Certifications

- LASER/Xray System - Statistical Analysis

- Vacuum - Management Fuel -Cel I .
- Logistics '. '.

- Al Solution Tu rn - Key o .
e provide

Advanced Virtual Bu Si ness v Optimized production lines for high
Engineering Ca Pablhty efficiency and throughput.
Capability - Virtual

Commissioning

Fuel-cell Business
Solution Provider

Fully meets the customer’s g-DHS(Global
Design for Health and Safety) requests.

- Experienced (Emulator)

Engineers Customized line for the product quality

- Process Throughput
- Clean Room Simulation

Capability

- Network E E

and performance.




SFA « High Tech
Core Strength v" SFA System Line-up

PEMFC (Sheeting to Stacking Assembly Line) SOFC (Drilling/Coating Line)

Evaporation System

Nuclear Fusion Power Generation

SFA Nuclear

Fusion
S’ %]
Al 2

Secondary
Battery

; N":_ Aoon= o ol = . l‘“
R —— = Yooty mogm il |
N S G R ) [ A 1= B Oveny
E.‘E—-’ﬁﬂm o R R | S v erview
! ; ; ‘ ~;/f / ’F £ l”l F‘IL l':" "ﬂ l’l ! ““’1‘9 lé ‘
1] 7 S - .

Stacking Degassing Notching EL Filing Machine SF&x oi201=ojo|



SFA « Advanced Engineering Capability

COI’e Strength v'  Efficient Layout (Reduce Cost and Enlarge Service Space)
® Before : Tact Time 5sec Line, 4 Line ® After : Tact Time 2.5sec Line, 2 Line
L i EJ
| j 217 = ) - ¥
11 ¢ ﬁ_.] O
’ ) :.} ' - L-‘l _ l —-l -1 -
— rG - -
‘ _i o -
. | . T
: : R - -
= I - L
+ 1 M7kl - ~ T _ |
I I 1 ' .

- Optimized Layout from Customer Needs & Core Technology
- Cost Reduction (Efficient Equipment & Footprint)
- Sufficient Service Area (Wider Maintenance Space, Storage

Space and Measurement Space)
= Mass Production Line For High Quality Products l \

Overview
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Fuel Cell » The factory is designed according to the following characteristics of the PEMFC manufacturing process.

v' Base Materials Handling (Easy Breakable Sheet / Easy Warping Sheet)
Manufacture

Process

v Control of Contaminants (Base Materials Inside) / Control of Particle from Base Materials Outside

v" High Cost of Materials > The System have many scenarios for various cases (ex. Rework).

Il PEMFC Process

Catalyst Coating Anode Sheeting BPP Loading

I, - ey EE

~————

l

Stacking & Shipment of
Sub-Gasket Loading Pre-Tack Lamination Inspection Module Assembly Stack Test products

i i i }( I I I @@ % — ‘

; ; ; Y & — 1
BRI || I= | [ = e

: ; : I I I . 7

ool (enl (= o — — (=1
MEA/Catalyst T T

Coating Cathode Sheeting Stack Case

-

' (©) ) -

N e =|
||
I
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« The factory is designed according to the following characteristics of the SOFC manufacturing process.

v" Controlling Warpage of Base Parts (Substrate, Interconnect; Metal Material) from Drilling Process, Sintering Process, Etc

Fuel Cell

Manufacture .
v" Temp. Control from Various Thermal Process
Process . . . . .
v" High Cost of Coating Materials > Needs of Efficiency Material Usage

Il SOFC Process

4 N\
Substrate Loading Marking & Dirilling Substrate Cleaning Coating Thermolysis Sintering
R m s
- . k|
i di = kf
Repeat for Target Thickness (Using Return Line)
- J Repeat in Quantity of Layers
l (Using Several Equipment)
Interconnect Interconnect
Loading Cleaning CAT Coating Sintering Welding Stack & Module Shipment of products
/%
25— A A |— - l_l — | g
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ASAHE A=
(PEMFC)

SFFx oi2o=ojo|



« Provides an optimized layout as follows based on core technology and engineering capabilities.
v" For Mass Production such as Automobile > Needs of High Throughput Design
PEMFC Layout

v" Main Customers, Global Companies > Needs of Design with Global Standard such as g-DHS (Global Design for Health and Safety)

v" For High Quality - Various Technology Applying (ex. Machine, Vision, Materials, Simulation; Tech. Pool)

Tact Time 2.5 sec / Cell
* Sub Gasket Loading Foot Print 80m x 60 m
gl Line Capa 15k / year
g™ LF - ‘@6 |

Stacking

L
YIS rRiche®

PEMFC -
Sheeting to Stacking =¥

-

= .
L Assembly Line
‘ Layout
E B S
a5 e
s -
* Lamination
* Electrode Sheeting * BPP Loading

Y %

SFFx ci~oi=ojo|



« Developed high-quality and high-speed system in a completely different way from the existing system

Sheetlng v No Damage with Precise Handling System for the Fragile Substrate sheetiilg
O -
Process v All in on Roll-to-Roll System with Sheeting, Inspection and Cleaning O I oI A
v High Throughput Mass Production System =

<Process & Transfer> <Cutting, Check> <System, ISO View>

-. Carbon Fiber Layer
-. MEA Film Layer

Cleaning Inspection Unwinder

Process | Transfer |

Unwindi
nzletr)l")lng Unwinder
| Slight Groove
Inspection Feeder m
------------  EE—
Cutting
Shuttle
- Cleaning
9
= |
f:C Cleaning 1 Axis Robot
Unloading Shuttle

SFFx ci~oi=ojo|



Pre-Tack

« Before Lamination, Tacking Electrode (aligned precisely) on Sub-gasket P
Pre-Tack v High Throughput with SFA Originally-Developed Design %I atilstatelte
Process v Precise Alignment with High-Speed Vision & Linear Motion System — Ill

v Customized Design Through Collaborative Development with Customer

<Demo Machine, Video Clip>
Cathode

Turret

‘ (Rotation & Press)

e
iy N, & 'S
! —

Cathode Cathode
Transfer Aligner
(from Aligner
to Turret)

SFFx ci~oi=ojo|



Lamination

« Using Heated Plate, Pressing Pre-tacked Sheet without Sub-gasket Damage

Lamination v Product Quality Proved Through Collaborative Development with Customer 5?:'
Process v Optimized Performance with Various Simulations I I I

v' Various Technology Applying (ex. Transfer, Heater, Shield, Temp. Control, Heat Plate Material, Sequence)

<System, 1SO View> <Lami Surface Temp. Simulation> <Demo Machine, Video CI|p>
B::
l >
<Stress Simulation> <Deformation Simulation> <Lamination Sample>

Sub Gasket (No Thermal Damage)

Cathode (No Broken)

. mu
4 2 o -
' v
1 - 4
4 T
3

N
i 14

3
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Stacki
* In Fuel Cell Case, Stacking Laminated Sheet, BPP in turns (High Speed / High Precision) & Module Klgembly

Stacking

v Stable (No-damage) and High Throughput System 4(\
& Module e J I TTOHIAPHE System —

v Optimized Performance with Various Robot Simulations and Demo System =
Assembly

v' Designed to Fully Satisfy g-DHS (Global Design for Health and Safety) ——

<System, ISO View> <Demo Machine, Video Clip>

I READ
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(SOFC)
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« Provides an optimized layout as follows based on core technology and engineering capabilities.
SOFC LayOUt v' Customers of Various Nations - Solutions for Each Customer Requirement
v" In Spite of Using Various Solvent > Needs of Preventing Contamination from Coating Process

v" For High Quality & Various Needs - Various Technology Applying (ex. Machine, Materials, Fab., Simulation; Tech. Pool)

Tact Time 3.7 sec/ Cell
Foot Print 50m x 200 m
Line Capa 50MW / year

ot
SOFEDriIIing & Coating Layout

* Screen Printing

SFFx ci~oi=ojo|



Marking

- v" Micro Holes, High Size/Position Accurac
& Drilling ° g

v" Cell Cooling for Uniform Process

Process

v" Particles Capturing

<System, ISO View> <Drilling, Check>

Design for Preventing Particles Spreading
- Top : Up/Down Chamber

- Bottom : Particle Capture Unit

@The Other Side

« Using LASER, Making QR Code On Cell (Marking) & Making Gas Holes On Cell (Drilling)

<Drilling, Video Clip>

i W

Marking & Drilling
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Coating

» Dropping Solvent with Layer Materials On Cell (Substrate)
Coat|ng v’ Special Design of Nozzle to Prevent Clogging, Splash, Overflow

Process v' To Prevent Nozzle Clogging, Coating Sequence & Cleaning Sequence

v' Special Design of High Speed Stable Atmospheric Transfer System

<Coating Nozzle End> <Coating Process, Video Clip>

iy

- High-speed Photography,
Coating Process Condition Check
(For No Splash)

<Air Temp. Simulation>

SFFx ci~oi=ojo|




« After Coating, Removing Solvent and Additives by High Temp. Process Thermolysis

Therm0|ySIS v' Achieving Target Temperature & Cell Temp. Uniformity =
Process v" Special Transfer Design of Thermolysis System :3)\
v" Preventing Cell Dislocation in High Temp. Inline Furnace =

<Layout _Thermolysis> <Cell Temp. Check> <Thermolysis Cell Transferring, Video Clip>

Overview
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Fuel Cell
Sales Record

Equipment Customer Substrate Size Application
1 CELL-STACK TURN-KEY Diit 20”7 2020 PAFC
2 CELL MFG TURN-KEY Diit 110 x 180 mm 2022 SOFC
3 CELL-STACK TURN-KEY Gilt 200 x 500 mm 2024 PEMFC

SFFx ci~oi=ojo|
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« Overview
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Premium Market : 20
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31

Global Market : 7| & =& S= A}

Target A& (X|9) : Global Market

Ar) - Premium Market

Target Al ZH(

yb1H wnipap

< R

52

R

Medium High

Low
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Overview
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over | TRMME A28} 817 SI50] MA HE T Ty
VEIVIEW CHAlS AR A|ZHO| 20|, SFA THES A|S|0|M0| S5t AME
Ag

Work Process A P Mo Z2MA MY SMS 2|5t0] NEO AIS3t S 8M L T
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g
HolE| £ES ZEoHo] £EY Y

- 48 s/W A A, 2toj A - A2H 712 Bt
« CAD X¢ At 22(32€~15Y) H| 1} AL H|3H S| LAy
- 73 HY WE A, FH o2 T . SFA LEH A|EY0|M B
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« NEO Emulator
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- Conveyor, Cross Belt Sorter 2 =&/ &M HEFS 0|E5IAHAY E/ot= FH|Z
Ho| 2

- 2f 280 mef 7 S S Y H

olo
bx

>
fot
b4

Cross Belt Sorter
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: Layout Import EE= =3 H{X|5t0] A/d

IE| AHM

-

™

STEP 3

STEP 2-2

-1

STEP 2

PLC Code

SFFx ci~oi=ojo|

63



NEO Emulator « PLC 8F Al & Xt=

[B0a300

O Buffer Memory Unit
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Mitsubishi PLC
SIEMENS PLC
OMRON PLC
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* NEO PCG

NEO PCG : PLC Code X} S/ A|AH!
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PLC Code 442 MAHE=MO| Layout & FZ/MX 2| HE| PLC Code ZHANX| LR E $XHo 2 0|20{Z
SFAE PLC Code '8 282| Si=tE ?lol Xts=t EFM 7IE T

NEO PCG

A Layout =H F= X522}

EB Y SE IYOIM o2 T > 2 F WHENK B2 F7t 24 Ue

Track HAd
b wn=e e — o | e 2
2 3Y/Group 0| 282 3F 0| A9 h

(Layout 37|10 et «TrackE2 & ®Z  (Layout SHEO| -« Track Layouts 7|t . 347“0“*1 PLC
ZcH 15Y 4 8) » Track2| Type A et 50 o2 AE A Capacity HS = T|3H ==
=, Yt 5 2% > FHOY 2Y =8 L H/W 7S
28T %

ol E°4 =HE0| ZaotH, ofl2 T Ao = wE 74 8 2{H 0| 7t

CAD X5 %=Z& S/W Lgr;"g'ljt _PLC X5 44
-1 O|Lf 28 8 ‘ <12 0| A8

Emulator
P

G- 110_ BLOCK=01
(%) 120_ BLOCK#02
G- 130_ BLOCK#03
G-} 140_ BLOCK#04

* CAD Layout At& & . ZHH| Labeling « ZH AH|O| Labeling BEE AV XNE N IZERE
223 pLC Code AHS MM Capacity 201 3 2| M3t SFx o A0i=ojo]
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« PLC Code M/d X}Z2E $I510H CAD HIO|E XI'& F= S/W2l PLC Auto Code Generator 7i'&

- X133t M L2 S50 PLC Code H’dMX|2Q| AIZHS T A THRAZA

NEO PCG

A=t M AH

[CAD Xt& 35 S/W Z213 Ul | [Block & CV E}Q 2tol]

Fixed scan function  —
SETUP function m o—|I: 3007H TraCkS
INV function
SERVO function EI x-II 1 -1 3—XL
WCS function

]
I
_—
TOUCH function
I

PLC Auto Code
Generator

PORT function
INOUT function
MAIN function
Initial start function s
COMMENT 2h

with
layout

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 092

[PLC Code Generator] [PLC Code] [PLC R E e MM £ =3 Zh
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- CADZ2| Block HE & F& 2, Block ¢1Z&1} 24| E 3DE £4{3}
NEO PCG » Zt Block?| A2 EEE % =H FEE HIY2E U HO| F&
* Block®| =4 T2 50| PLC HEoljof & H+F UIE Soll 28 + A= 7l ¢

CAD A& =& S/W

m W Sttt Bovn (o |
m e -

': 3
H
\
gt 4 ] e .-y

3 - . 1 S SNV S| ¥ S S[E[ Sl "
+ P
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F

NEO PCG

- A% ME F9l Track Layoutlll PLC CodeE =M5t0] I E H3t U Hd &+ =
= A4
— S

(el o aT )
o ZF TrackOIC} =Y Track M E 7|Hto2 A g et+E dtd3Sl0d PLC Code M/

PLC Code Generator Ai4d HitH

006_P/M : Power moller H[%{ 008_Cylinder(STP) :

M/Z2| Stopper Hf
181_M/Z : M/Z HOof

7|Z& Code =X AU ™73} Address Map®} Track €& & 7|8t pLC H’d
[Track 12 EHE 0fA] [Address Map]
UFT Type i DIV Type [+ MZType [T Tapestuemn o L
A il 7]

| ynigniuignl MJ G gl iy 217
o :i: | oz ?Eulrgiuét 5555%"175"0”“ 005_Priority : 159'H Track
p 3 ! bk é;.*ﬁi‘{ﬁﬂ:lgm 10
i  Oj% . o i
w o © : 160/_{
. — 1 156 157 15 159 | 1604,

007_Cylinder(DIV)/008_Cylinder(S
TP) : Diverter ¥ Stopper M0

000_Main : M4 SOP ¥ Sub SOP #2|
102_SOP_02 : SOP#201 M UnitE2] A HE

HMaAS| SHA M —
gzt g HE R _°°, E
o]é
- 71E0f 50| E43 AC B A - Track 20| ¥ MHE 2HE H73} Go|E{Q BAB HE 4 HY [PLC Code]
« Track 7t HZA A, MM |2, Track Type - ZHAME 80 Address MapAlA ZF TrackOl X|HEl Index 2| E EH=5l0f
So| YRES BB0 A= MY ¥4 7F PLC Code 4

73
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« Track Layouti Address Map= 23 L|O|E{|2 &-&3}0| PLC Code X} & ‘44
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NEO PCG

PLC Code M/d
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Generator

| =H Emulator A&
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« NEO Vehicle Simulator

SFFx ci~oi=ojjo|



i

H

L= X}
- O

}

= 0|33

ZoM M=

]
ol

Wi ER

V=

+ OHT/OHS/AMR/AG

)
9
G
p—
O
L
Z

P
o
)
L
=
£
(Vs

SFFx ci~oi=ojo|

SFA Vehicle List



NEO Vehicle
Simulator

AlEgo]dS it &
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g8 HE S Vehiclent 2F AMAH ZEY AlZ8 0] 2y
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NEO Vehicle
Simulator

g A2 Simulation
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NEO Vehicle

« NEO Vehicle Simulator= CAD XIS & S/W2} Vehicle Simulator, Post-Processor /g
Simulator - XISt S8 M VU E So10 ALY A HE AZHS 3 A ShxAE

NEO Vehicle Simulator 7+

CAD X} F=& S/W Vehicle Simulator Post-Processor
« CAD Layout = Simulator Input H 2t  Layout/XIZ/AF|E 2 HEE 7|4t . MH HtSo| WA, X|Cf, 858 S CIYst
o A Al 3Y O] &h(EICH 15¢) 2R K| =5 U& A|E8|0|M X7 ol
= HUS 1A[ZHO|L = 7H M - Rail Xt2 @ £E/A8E S AlZ3t
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