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YA HBM A2 SE 2 eyl | 35T S M4 B CONFIDENTIAL

AR 22} HBM AR 22 9 sHAl 2HH| 220+ AlZ 2 B 1A

2 HiMse AMHAZIC] HBM(High Bandwidth Memory) A=
538 (Back-end)22 #&25I0 HAE V| HAHLSE SMS| 2L Z
4 =% (Vendor)2 O1HSI0 7|24 S5 A|7*£POP-T'- ZLMICH 7| = EREE A|AIRLICH

248 M2 (Front-end)2}
! Aol 4] AH| ot

— T

-
N

He U 24 i

1.1. Al TH2{ChRlo] 3T HBM Al B3 4%

9|
2TMI7| Bt Atdol mi2itt2 Tt A4t 52 (Computing Power)2| SHIE g0, A4t Z2|et O 22

Ato[2| Ci|O|&] B et (Memory Wall)E O{EH sl Ast=Le| MF22 HO|ZASLICH T Al(Generative
ANS| S¥at & =7c] A0l 2R (LLM)E F+&5t7| {8t Al 7H57((Al Accelerator) A|&0| 43| Hareof
whaf, 2ofst 29| HiojHE 21522 A2|e £+ e LYF H22[(HBM, High Bandwidth Memory)2l
=240| 1 ojL =t ZRE| D USLICE

reﬂ [I

ol

7|Z2| DDR(Double Data Rate) ¥4 HO|E M& S2(Bus)e| etAZ sl 118s GPU & NPU(Neural
Processing Unit)e] £=& SI8H2I517|0 JE=ZQlL|Ct BtH HBME TSV(Through-Silicon Via, 42|2 ZE
A=) 7l=E S5l &4 712 DRAM CHO|(Die)E 222 HESE22M, H0[E{7t 27t= 825 H|YHC =2 =2
TZRE JHYLICE o2t 2 £ 20| HBME T HAY O|0|e ¥E Y= (Bandwidth)E ICHEtE

S = BM &

AL, Ol= 2 Al gAtel a84ut 2 EE|= 3y 242 fEI ZASLICH A HBM A2 Chest 022 358
g0, A" Al HsES Pots HSH Aoz AYEQULH, O THE Vs Y Y Eot
715teH 22 =0k 1 ASH T
1.2, 24819 7|2 | &H: +2(Yield)2} 27} AU TA| &

=229 022 H*Elﬂ Ao ME F2Ql Mg ™AH= HBM A|¥Q| ==dE 3105| 517 2lolf Ch2rael 7|=
Al Mefs Aot USUICH Ag-ALe] MefY A FE2 I F 71X S22 2O E LTt

Ay, '=NCE M2 7|22 S5 s FCHSLICH HBM3EE €0 HBM4=Z Z2IStsHe YoM A& Ches
02 =012 7{0|H, 0|= 22|20l S AHojet & ﬂ_ra|( Thermal Management) 7|&2| StAIE Al&3t= THA O
21U SS 90T Tt AR = APALRES] E 24 Q1 TC-NCF(Thermal Compression Non-Conductive Film)
7158 1E5t6t0f, 1t AE Al 2EE £ Q= 0O & (Warpage) Si4tg AAstil A& ot HE SEot=
O st UASLICH EFH 2fMc) S3¥Q Hybrid Bonding(3t0|E2|E £Y) 7|28 MAZHo=2 FH|510]
HI(Bump) gl= Z0M &S S OI0|e & =2 HAlE Rlstl JASLICH

=4, '3d S S AR |7t AL L £ 2HspAUCt 22 HHHPAIE FFotD Y= 400mmE
90T (Ring Wafer) 7|&2 7[& 300mm O|HS| 24 StAHE IFEotef= AI=YLICH 0| 7H&2t2|Q
S 1S 28O 2 Helstn §& HA &L (Utilization)S ZCHSIEO 24, THe| HA G MAE| = 2I0| £5

=2 o
=2l A= H7H(Cost per Die)& E7[H22 Y= HFAULICE Ol Hedl 7|24 f2E ddt= A4S €0
CHrt2 24F HAOA L2l 7t ZHAS SHE5t0] 2|3 7Y (CSP) &2 L24ALZ =HQl(Lock-in)st?| 2fgt
zloloz BAMe|L|C}

=}

12
0z
I
ro
gjo

1.3. 20M9| 52 U 24 He
2 E1UME S¥stks HBM A2 MEfA| LHOlM a2t HEistD Qe 28T S J|EeS 433422
TAISHL, 015 S sts 229 B 3=2Y(Supply Chain)2l L2 E #Y5H= O S2{0] AHH
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sl I8 388 UZste &2 g0, d3d(Frontend)2l TSV & HHARE =3Y(Back-end)2|
Advanced Packaging ¥ 2|& H|AE CHAO| O|27(712|2| MA| Z2MAE R7|1H22 HASH DASL(CE

|, 349 NE35lof et LMoz x| = A | (Critical Equipment)== 01 StL, Lam Research,
Applied Materials, Besi & 22 M& 7|59| 7[=2 et A|Z U 2I2[E S48

AL HQIM7t 2 Hybrid Bonding 7|5 =Q0| k48 ZH| AMEHA|

ZHH

ol

0

£S5t HBM4 0[|%9 o Azt HE=
OI2Ee =N, &% Bt =5 (Advanced Packaging) A|&2| 7|=4 A9 10| 2 TS M2FS A|AIStLA}
gtLCt 2 EIMIt Al ESots 24 Hl0|E= HBM AR 332 58 Olsistnz}t st AX|L0f, 33 Hef2
$Est= 7=}, Q2| M) I§7 | V&2 S K|St At St MY EAVS0A A QAIES
AMae ALt

HBM -3 (Front-end): TSV ¥4 U gljojm 2| 3

HBM(High Bandwidth Memory)2| ds8 284 e 714 2240 24 222 HSE 4 712 DRAM
CtO|(Die) AtO|Z UOtLt 21 otEH oz AASI=L0| T2l JUFLICE 0|Z 7hsotA st= adl 7|=0| Hi=Z
TSV(Through-Silicon Via, 2|2 & A7) 3L CH LEH 2l DRAMO| 240]0] 2% (Wire Bonding)S &3l
HI|H LS E 8= 240 2|, HBME 0T |0 OjMst 1Y S 11 1 WEE Ml S22 29 o2

St

2 AH0| M= HBME| i H = (High Bandwidth)2 +815t7| ?/et M5 (Front-end)2| 34! THA[QI TSV &/
HS Az (Etching), £2H(Deposition), =& (Electroplating) Q| HIHLISS 2AC 2 A2 2MEHL|CH
2.1. TSV &/do| alifd HIAHLZ & TAIE 4M 34

TSV 342 20|T 2f|eoi|A ZI3E|0f, DZ3IH|(High Aspect Ratio, HAR)S 72! OJAM| €S &45t1 0|5

0f, D3
H7IHOR A IlsE PRE BIEL BEH HFYUC

= —

T_o
>.
Ir

mjo

EEE

I’II'

#H## 211, D=Z3H| A2t (High Aspect Ratio Etching: DRIE)
of 2 M| 22 A2|E 9l0o|moj| £ 00| Z20|E{(um) Z10/9] O|MIT FHE = A

.|
o —
S7tetof met 27&= TSVe| Z0]eF 21 F 2| Bl& (Aspect Ratio)2 &4 3| =O0tA|
A

- 7| f2|: 22 DRIE(Deep Reactive lon Etching) 7|&0| ALEELICL Ol=
ko

AZHDry Etching) &AIC2 0|29 2I2IHE SOiatste] 2 W Z o .
| A LIE_EE Bosch Process?t Q&LICt Ol= AlZH(Etching) THA|QF 238t &/ (Passivation) THA|IS b}

Bt=5t0], S8 AlZH(Undercut)S YA[ot 2 =5 &E5h= SAQL T

+ 7153 HA: 2YO| 0| H4F SITHREIA] S2t20t 0| 20| =257 0{2{ A= 'Aspect Ratio Dependent

Etching (ARDE)' S10] ZAELICH Ol= A2t £=9| S YdS zefiott] TSVe| 200|7 YY5HA| g 2te=

F2 HQIO[ FLC,

#2112, ZAHI L 429 S 2t (Deposition: ALD & CVD)

AZEE TSV UR B2 24(Cu)0l H2|E 7|8t 21 HE5t +4 dF(Leakage Current)Z List= A=
97| flol EA 2|7t A YL T

- HA9t HM (Insulation Layer): TSV LHEQ| DIME SHE w2t YT FHo A %%

ALD(Atomic Layer Deposition, ¥2I& Szt 7|=0] 3_H,+:,l’i19 =

=22|7| 420, 0 =2 SEHIE 71 F2 WROME F 0 st

. BHAFHEZ|OF S A (Barrier Layer): 29 20 112|(Cu)7t Al2|20|Lt 2ot LR 2 stite|= 22

Q3 Ti(EIEFE)LE Ta(BHEEE) 7[gte] it hz|atg S2IEHLCH O] Al OMIS 2 W8 HAHE 2SS0
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0x
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YMOF SR 2 Y S2f 8| 7F 27U CH
I (9 FYO| A=A, TSV LHEE A7 d=F0| =2 F2|(Cu)=Z 7I5 A9 A HIo[E7t 52=

. 7I%31 el Electroplatlng(zioH £32) 23S E5f M o] 12| 0|2S 7|H oz TSV ye=2

- SA B2 240 27t MUY O LROIA 1 B2H0] M71E Void(E3) BAS WAISHE 200l 3 489
SHAIRILICE QFeF Void7t Y4t A& (Resistance)0| FSotHLE Al HEO| RHEE|0 2T HZF2 2=
2 ZELICL O|F 2ol ==He| A7HA|(Additive) A012F MF L= (Current Density)2| dst Z=MAZIO|
T4ALICt
2.2, HBH 32 3Y Y 04y Fu| 2%
HBM dSHE Z0O|M IHEHS| ULl £2 1RO 2B S SEol{0f of= e FAYULICH otz He 2
Sd HAE A J|=2t O|E 35| et =2 FH|FEE delsh AYLTt
374 S| (Process Step) 1Al 7|= (Key Technology) F2 22 (Objective) SHAl 2HH| (Key Equipment)
DRIE (Deep Reactive lon Plasma Etcher (Lam
iv ) L .
TSV Etching reep InE= PRSP IR PY Research, Applied
Etching) .
Materials)
Insulation|Denosition ALD (Atomic Layer O™ 7£2 W 7 Aot ALD System (Applied
e Deposition) 3y Materials, TEL)
. - =4 S gz] Ol Heky CVD/PVD System (Applied
Barrier Deposition CVD / PVD ~ A Rid (App
43t Materials, TEL)
) ) Electroplating System
Cu Filling Electroplating {21 E2(Via) & . plating ‘y
(Applied Materials, TEL)
. . ) . _ High-Precision Optical /
TSV Inspection Optical / X-ray Inspection TSV 22|, 210], Void A=
P ptical / X-ray Insp #2201 = Xeray (KLA, Camtek)
23. 434 +28 SHE I8 7|83 A|AA
HBM2| d5d THA 0 Lot S T35 d(Back-end)2| AS THAO|A 2[F ARl Z0t= LIEHL|CE oS
=0, HSHOIA TSVL| ?x|(Alignment)7t O|M[otA O ZLEAHLE(Misalignment), =2 2+&0f|A 2d5H O|A|S
Void7t s ZE|X| fe®, 22 AUS I S2|Xe HE 22 =22 E Y= 28 AofE ZefgLCh

E9| AP HAP Z2Ist= MU HBM 340iA= 400mmea CHY 90| &8 2 ¢
S48 SHANMe| Yol FUx(Uniformity) A|0{2f 22 AAHInspection) & &0| £~
o Haot 2 AU T2t ALDE S8 20|M| |=1t DRIEE S8t 1¥Y

7
o
ZIoR BUEYE 4 Ut DT B3t PA £T M0 S8 280| TLHULIC

ch 20| o 2E0f U0,
2 g0 MIiZ Jl2s
A2t 7|%, 222 08

N

_LL

nx 1o rﬁ

=zt
2|
9l

F

HBM 37 (Back-end): Advanced Packaging ¥ & 7|&
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2MET CONFIDENTIAL

BM(High Bandwidth Memory)2| 458 ZAZZ= siA 2
Aot HUSHA| 410 (Stacking), 21 AHO|9] 7|
AMEHZIOl HBM Az HMEk2 HMIHOAM FHAMEE TSV(Through-Silicon v|a)
(Back-end) EHA[O| M 2 tE=9| Advanced Packaging 7= A&3510] H|0|E] A& A =S Soietsh=
Y2 USLICH 2 MHoM= ol AEfe| Dieg Y 222 E2lote THARH, 23 7|2 YEHE
=Y SN HAHLSE A 2ALIC
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HBM 222 ¢lst A HAl= TSVIF @4 E Q0| E 7H'E DRAM Die thel2 FZsHA A TSk= Wafer Dicing
FYLILh HBM2 A& £7t 0ta= 3 stustLel S 7t SF0rA|7| WiZof|, BT YoM Edst= =24
Z{0]| 0§ [ 2FEL Tt

0

- Y HAHUS: 7IE° =S20|=(Blade) YAES =2/ O ¥HS 722 g2 0|
Crack(@@)0|Lt Chipping(id))E REE 2/&l0] LT T2tM dHatE Zatet 2(-H SFo|ME Laser
Dicing 7|s0| H=Ae= EFUC. 2f0/4E O|Edl = OlMisHA |IoIHE

=
=0|7{Lt(Ablation), 24 SHE 0|83l E2lot= YIS ABE22M 22|24 &4 2| LSFLCH

- SHAl 23| 82 Diel| 2|4 FLUZ (Dimension Accuracy), ZEHHO| H2I7|(Surface Roughness), 2|1
Ch Al 2GS OIM| 2ol RRYULICH £3] TSV M30| 25| B9[] 42 54 2 349 220l

3.2. Die-to-Die Stacking: A& 4 &t 7|=9| sHi

HBMO| EAjld2 'a=2 A3'0l A20d, O] HAOIM ad-A = AFAR] FAHAQl 7|=Ql TC-NCF(Thermal
Compression Non-Conductive Film) 2AIS 2402 ALZEHL|Ct Ol= ZAALQI SKH0|H A S| MR-MUF(Mass
Reflow Molded Underfill) gAln} XjEHSIE|= Z|ZHO2 NG HE A| BHMS=s 22|14 LS 25 sial
SEAYY.

0

>

#### 3.2.1. TC-NCF (Thermal Compression Non-Conductive Film) H|Z{L|S

TC-NCF= 21 & ALoof B = ZE(NCF) S ¢ st, St =S SA|0l| 76t dgtshs YAIQLICE
Lamination: 852 NCF ZEE ¢|0|1 == Die 99
= 7

. Film
S SAlSta SAI0f, HE Al LY5tH

rr EN

o

ez}
=

n

2. Thermal Compression Bonding: A5 DieZ S Die 2[0| HLUStAH dZ (Alignment)st &
E5 12(High Temperature)2} 118+ (High Pressure)S 7H&HL|CE. o|ff f240f| o3 NCF7+ bz |H A
OlMst &2 o1, 00|32 WX (Micro-bump)E Solf 7|4 AZ0| ebdE Lt

« ZENCFZHE APOIE 2222 2[2J5lF7| W20, A4S 47t SO0 Tet Ldi5t= Warpage (2 $4)
AH|ofofl O Rl LI 5t 3 ALO|9] ZHAS Y5 RAIE +~ AN T HS (12, 16T 0|Y) Al #+24
orYg-g0l =& LICt
- B @S Vtote WA S S A0l Z0jE &+ A0, 1Yo F §f2 O0|Ho| I 20|
ZA LT
###4# 3.2.2, "l FM: TC-NCF vs. MR-MUF

Hlm o= TC-NCF (g2t 23) MR-MUF (SK3t0|HA £3)

g CRESSEM CRSM-AI-2026



M2 HBM A2 3 U S Y| 3SY S BA 21 CONFIDENTIAL
CEE T LAS 0|8 Y2 2T Y 4S5 = U Qe EoA FY
F2 A= HHE=Y S (NCF) =3 oL (MUF)
Warpage #[0{ 2 (B0 124 22| A4E) 28 (U 3ot = #= 12 TY)
PPN ATHA 24 (Q2FAIZEER) AtHA 1& (Mass Reflow 7ts)
Mz A 2 &k A Z(High-stack)oll F2 Y 45 L Y 220 FY

3.3. Molding & Encapsulation: 122 25 4 vt 2| 215}
AZ0| 2=F Die 32|= 27 &SE(E7I %74 ifi* =) 2RH ES5L[0{0F LICL O|F ¢/dH
-|O =

248 E3l EMC(Epoxy Molding Compound)S

IrLI

- 34 HAHYUS: =25 Die 122 0| U = D4 HEfS| EMCE FYst F3H(Curing)AIZLICE. O]
HHOM FHE 2Y ARE 7|9 22(d ZEE =0|1, JAREREHO 2HE Atste 59 deg
L,
« HBM &3} 0|4 (Thermal Management): HBM2 114 G|O|Ef A& A| ShCHSH GO| Eh4istL Tt et 2E
SH0M At El= EMCE| B =& (Thermal Conductivity)2 AlE2| Al2[dut 2l BELCE S Y=0[ d&5HA|
%S A2, U 257t 45510] HOIEf 23 (Bit Error) 7 WAL 2210 20| HEE 4 UL
3.4. £33 A Fu| U 7|12 27N 2%
HBM E35d2 ==2 O|Mst 84 0RrRIE thE7| 20, 2 HAE= 3 22 n¥Y ZH|o 2&0|
TR
33 oA ei2l 2| (Key Equipment) 714 27AFg (Key Requirements)
Dicing Laser Dicing System O|M| Crack &2|, Die 32L&t
) LE S FLH (Uniformity),
Lamination NCF Laminator ==
7|2 (Void) |7
; 24U A& (Sub-micron Alignment),
Bonding TC Bonder oret/2.= 0f
EMC £ Flowability), Warpage
Molding Molding Machine / Transfer Press 0] < ( y) FE
/ / TSV q7=|l-| _$_|-0| |_|.|I=l
Inspection 3D SPI/ X-ray / AOI
P y Void/Delamination 4 [1]
Z22Ho=2 MMHAHZIO HBM E33 ZAM=2 TC-NCF 339 HUL IC|siet 1tk A& Al Wilst=
Warpage ¥ &€ 22| ZHE LA AMofst=Li0| e USLICEH E3], M HBMAZ FO{7t= A|HOIME
7|&0| I HrAIO| Ot Hybrid Bonding2 22| 20| of| 5|0 U0, SAHe| A= 7 |&8 oM 2P ¥4 ol

B FESHCMP) 7|20| =589 M22 sy A2 F45t AL .

[Diagram] HBM E& A2 T2 M|A L 2HH| oY

7 g CRESSEM CRSM-AI-2026
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HBM(High Bandwidth Memory) A|Z &2 YgtXQl DRAM Az 3d1 g2|, dad0M
TSV(Through-Silicon Via)E 7|¥te2 &542| Advanced Packaging 7|&0| R7|422 ZEE=
TZE 7RUCH & MMMz foj™ HEfel OlM 22 ¥ CHAl(Front-end)RE, 78 22
202 M2 2|Z I§7|25H= SA(Back-end)7IR|Q] | SES 2 A0 Tt yAZHe=z2 2
AHIAlRLCE,

1. HBM A2 T2 M|A Of7[Elx] 72

HBMS| A2 &2 3 ‘Wafer-Level Process(d3%)'et ‘Advanced Packaging Process(£3%)'=2
gt

H3d CHAOME= A2l 2 o|H Lol &~ 742| Hloje S22 TSVE d/dst= 20| MYULICE o=
CIOIE M&S 2Ist 22|14 7|8ta OtEste 2=, AlZH(Etching), S2H(Deposition), == (Plating) &2 1

3H0| dEHoz fHELCEH E3] TSV W2 Void(3=)E YAlste @YUt 72|(Cu) &2 Didstes

Yoo R
S @ Jp

258 HA0ME FHE TSVE EESIH 22 £2e= 40t S2l= d&(Stacking) 7|=0] HEELLCH
AR B2, 2 ALO|of| H| MM HES LRlste 4 E0t= TC-NCF(Thermal Compression Non-Conductive
= Al E
=

[=]
Pdsk= &(Warpage) S AOfstl 722 A4S &5t Hafs

Il
0

2. 33 S MM £ & 2 o2 ZH]| ¥ (Equipment Mapping)

a3 Mol Tt 275k, 24 HAMM 255 Ay 7lsdt 0l
ct

’

Al 7]& U 22 (Key 0j 3 T~ | (Required

Technology) Equipment)

= . DRIE(Deep RIE),
q ‘ I . 0=3IH|(High Aspect i
Front-end (Wafer Level) TSV Formation Ratio) AlZF QI 2013t 54 ALD(Atomic Layer
Deposition)

o

Te|(Cu) Hll =52 &

TSV Filling Electroplating System

Wafer Insoecti TSV 912), 200/ Y Lhe neterprobe,
arer Inspection _ Ign-Frecision ICa
i #3H(Void) ZAH 9 p
System [1]

F0IHE 7HE DieZ EY

Back-end (Packaging) Wafer Dicing o Laser/Blade Dicing System
. yzreaggsoozz UM .
Micro-bump Prep N Formation/Inspection
/T =° System [1]
NCFZE =X & H/ot48  NCF Lamination & TC
Stacking (TC-NCF _ _
9l ) 0|83t 2z Bonder [5]
A Az Es 4 HA Molding/Encapsulation
Underfill/Molding TE22Z3 9/Encap
(Encapsulation) System

g CRESSEM CRSM-AI-2026



HEUAHBM A2 S8 L oy HH| SeY HS 24 21 CONFIDENTIAL
ATE(Automated Test
| . 27124/7157/ 2 41218 \ .
Final Stage Final Test = Equipment), Burn-in
(=kS)
System [2]
3. 34 =329| 7|3 AAE 24
HBM A| 29| iy 2 ‘MY UL}t £8Y2| +88 BYsit'= ol AT
1. TSV-to-Bump ¥7il: ZBHOIM BAE TSVOl ZEH|9t £3 ZUS $30| 00|32 YWI(Micro-bump)
H(Alignment) AstEol AAFLICL BroF TSV LIRSl Zzio| EekdE L, HE ¥ M|y o

= 2ot 2
=3 (Open/Short)0| Z-&stA| EUCt [1]

o
2. Warpage AHoje| £E2M: 2= chpIt =0FAISZ(0f: HBM3E Wrightarrow HBM4) 2 AHO|9] 2HA 22|29t
22|34 Ha(Warpage) #2[7t S=2 O{HAJYLCE AEH] TC-NCF 332 0| THAOIM 2lo] HE=S
FAISHH 1UE HZ S THsotH ste e oIHLISYLCE [5]

o

3D SPI(Solder Paste Inspection) &!

3. ZAAH(Inspection)?| S8 X342 Wafer Probe HHAEE T349|
2+ ct AL Yl T 22 HES 90l 33
H

X-ray HITHD] ZiAL 2|2 212 Burn-in EJAE0) 0[27(742], 2 S

=
CIO|EIS L =850 A 88 2[A{3l5ts ADE MER2[ = TS SA;FLIC (2, 6]

ﬂJIO

HBM Integrated Manufacturing Process & Equipment Architecture

A Wafer Zidip dvanced Final Reliability

Etching Die TC-NCF . -
L= TSV Defect . L Molding Electrical
-+ +> B > . > .
Deposition, & Alignment Separation Lamination Encapsulation Functional
Plating Check & & Thermal & Warpage & Burn-in
(DRIE, ALD, (Optical/Probe) Micro-bump Compression Control Test (ATE)
Electroplating) Formation Bonding
| SH ol =23 —1 =
Sd9 ey | 2 =28 35%(Vendor) &4
HBM(High Bandwidth Memory)2| A= ZdH2 thed| JHE 39 7[=3E g0, &4 Ao Fsl=
23U ZH|9] 4s1t 0|2 SEtalsH=s 228 332 (Supply Chain)2| +40oj ofs ZYELICH HBM Lt
DRAM COfH| 3% YOo|=7t Jlstgsdez =20, £35| TSV(Through-Silicon Via) Y¥MEE 20t
A& (Stacking)0ll O|27(7tA| ¥ SE0] 12 FUslEl &H|S9| 7742 Az O|RO{Y LTt &2 ME0M=
HBM Aol siA ZHE HIH(Front-end)lt £3%(Back-end)22 F23510{, 2t THAY T4 (9} 0|2
Seote 228 4= 7|g(Vendon)E & & 248 LT

1. 42 (Front-end): TSV &4 U gjo| 2j|ttt! 2 ZHd|
Had thle o|m Lo £ 719 DIMIEH 7|4 E2921 TSVE d4dots P22, 0] thAlo] ZE2 H&
S £40| 27t53122 229 FUEIt LFEL L

29 7|5 U 7|&2H QA =29 22 I3t (Global
Al =2 (Process) == = =

4l 2| (Key E ment
(Function & Requirement) S ) Vendors)

9 g CRESSEM CRSM-AI-2026



AMZIZF HBM A Z 24 U

o

TSV Etching

Insulation & Barrier

Cu Electroplating

TSV Inspection

[2AM] TSV 239

Applied Materials=

HBMO| Cf|O[E] ¥& K0 2|2 = TSVe| L2[ES
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(Function & Requirement)
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DRIE (Deep Reactive lon
Etching)

ALD (Atomic Layer
Deposition)

Electroplating System

High-Res Optical / X-ray
Inspection

sHAl 2HH| (Key Equipment)

Zgfste AL

M|CH Hybrid Bonding 7|&0] 0] F17ZH0{|A{

CONFIDENTIAL

Lam Research, Applied
Materials, Tokyo Electron
(TEL)

Applied Materials, TEL,
Lam Research

Applied Materials, TEL

KLA, Camtek, Onto
Innovation

Q&LICt Lam Research2t

D) 20HfM L=l ¥RES ERst UA2H, Ol
f

SHA0IIM TSV

AFM Z4210| HBM

0O O

=2H F2 3gAl (Global

Vendors)

Wafer Dicing

NCF Lamination

Thermal Compression

Molding/Encapsulation

20|HZ 7 Die T2
JUSHA E T (Chipping

Y2 B4)

ok oy J%
N
Hu
r
m

Laser / Blade Dicing System

Lamination System

TC Bonder (Thermal
Compression Bonder)

Molding System

g CRESSEM

DISCO, Tokyo Electron
(TEL)

Samsung SEMES, Besi

Besi, Hanmi
Semiconductor, SEMES

ASMPT, SEMES
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éll-}élxl_-lzl. HBM Z“_% _g_l-l al SHAI 7~H:|| %E,LE”' AI%

EMED CONFIDENTIAL

A= 5 Die-to-Die

dd(Alignment), KLA, Camtek, Onto
Advanced Inspection c= 3D SPI/ AOI/ X-ray / CT e
v pect Warpage(2!), Bump =0| / / y/ Innovation, CRESSEM
AL

BYo| Y2 HE YT Y YUS'YLICH S5 DT HE (128, 165 0|42 A4= 20|
0 | Aatel=c, 012 Aofst7] 915 Besitt SHOI¥HE O] 22 (Bonding) 71
Qs DHY 2tolold U 2Y Fy| 2t

= T-O

=
H|opD| BtAlo 2 Sl0IsHoF St22 3D X-ray/CT 2

AOI(Automated Optical Inspection) ZH|2| H|Z U
3.3 3a5Y 12 L U AAHY

HBM 2222 3A [M3H ZH|: Mzl/Z2H/= 2] Wrightarrow [$22 2| Hch/2cl/2¢] wrightarrow
[AAL ZH|: &st/X-ray/A7|H E|AE]Q| SES 7HLICE

1. | DE=3sto| A4=23}: I3 H0|AM= Applied Materials, Lam Research®}t Zt2 7{CH ZH|AF(Big Tech)2l
=84 297t RA=E= g, =3E(Advanced Packaglng)OHHE Besi, SIDjUIEH|e 20| EX
38 (Bonding)of EstE 2 7[¥=2 FFH0| o= ASH T

2. HM(nspection)?] 24 SOf: HBM2 24 BH2= Q| 38 S EU#IOHHQI AL =20
A0l JT2 0|LICt ofof| w2t KLARt &2 HSH LA 2/0|=, CRESSEMt 20| Al H|™ 7|=2t nEdY
&5t AzlZ Zelsto] 2td (Over-kil)2 20|11 HA|ZE 222 HE5t= &34 7|¥S2 90| A2 4Tt

3. Hybrid Bonding2.229| mj2{C}t 3t 3t HBM4 0|%F =2/l Hybrid Bonding 2&0|AM= 7|&2] Bump
A0 At2FZ| 22 Cu-to-Cu 2 H&O0| O|F0{Y ULt Ol= 7|22 TC Bonder A|¥S AHY Zi0[0{, 24U
GESHCMP) 8|2k 2t EHelel HH (Alignment)S AMSk= MU HAF ZH| S520| MEA ddE A=
o =g Ut

BEXHOZ, tdHATEHBM A ZOM =20 585 B2V flsiMe d3d2 OlM A2 7|slt 2349
DEY AE/HA 7|sS SRHELZ H2|T 4+ U= 'EH| MEfAI(Equipment Ecosystem)' 70| T4H LT
Ol= §4 Vendor0i| Cist S|E=E 2|5t= A0, M| S&(Hybrid Bonding)oll th3sts 4l ZH
oA dekd MEHMS MAH o2 8E5H= A2 2|0/gfL Tt

inIEH 7|= &k Hybrid Bonding ¥ 3% H3}
M(High Bandwidth Memory) A|Z0| HBM3ES ‘-"01 HBMA(6AMICH) & 1 O|F9| ZMCH HFZ2=
‘?:l?:foﬂ aet, 7|2 7| 7|ee 224 oA ™0 Yt JELC el £F 7|&Q! Bump 7|8t M
HAR2 AS 7t S7HSe5F A 17| 2]9] Z0[7F =O0F2| 12, C|0|Ee] H& F=27F 2030 wet 415 &4 (Signal
Loss)2t A3 227t St 24 2AE 2t JEUCE 0|2 SE517| 2o AddAE Zast 22 022
HZAFS0| =511 U= 34 7|&0] 82 §toj22|= &Y (Hybrid Bonding) & LT

1. Hybrid Bonding 7|&2| H|7{L|& ¥ HaXH

sto|alc 2ge 7|20 00|32 HX (Micro-bump)E AFRSHA| @41, P2|(Cu)et Tal2 23 e 3tof
#8t5t= Cu-to-Cu Direct Bonding 7122 Q|0[EILIC} 7|2 &AI0] £C (Solder) MRS i7HH2 stof YmE
SA5ID 012 S0f 20l YAO|QICHY, Slo[=2|c BE2 90| Ee Cho|(Die) PSS Yzt C9| 4202
TESI3E 5, HOIZ Dielectrio) T 242 (Cu)S SAI0] Z8shs Ttz AL

0] 7|20] EYE|0{0} SHe 2L CHE D 22 7|43 0| egLick:
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YU HBM A2 3 L iy ZH| S58Y HE M B CONFIDENTIAL

. Z]US /0 P YEIL 2425t 22| B740| AlO| T2}, 7IE oh8] /O (nput/Output)®] YES
et of A 7kx|91 T4 Z (Bandwidth) 2THEIR 21 ZELITt

g (o

- O§7|2] SH Z4A (Thinning): HZ =0

| =2
=012 &V[H2e2 YE 4+ AGLICL Ol 1 XS Al 245t= Warpage(E
e

pdon
Mo
=
=O|g

- MS BZAM(Signal Integrity) &4 G|0JE A& AZ(Interconnect path)7t ZORA|D H7|A ZTH0|
2

L2501, D4 S2 Al SASHE AT T Y 20 22843 4 YSLICH

7|& Bump 7|tk BEAl
(TC-NCF / MR-MUF)

o 3] HI S 3l Z2A(Flux) Ultra-precision CMP At CHR|o] HELET (Flatness)
= AtE (BFet7[ A4 of) sty
42 7|2 Oto|A2 THlel dE Nano-scale 2™ 2| IHE 7| O|AM| 23}
c== (Alignment) (Sub-100nm) =1=Rpuife]
N e g o|gst Room Temperature / Low = B@ 0ofj4%| 2! 22 5t
== en Reflow/Compression Temp Bonding Aol 22
2Ap 8t HI =0|, 2(Ball) AEl, Surface Roughness, BH HA7| L OM 2=
e Void ZAt Cu-to-Cu Alignment AL D=5}
i [H] £20) 0| U A7 42 4]
1. CMP(Chemical Mechanical Pollshlng) ZHd|o] T3} slo|Ee|E EQlo] MIfj= HEh Ho| HELTOf| S
QELICH et 7[&2] 0| H0F 7[=& E0f, CO|(Die) 2HOM S =2 DIMet EEH HAV|E 7o £+ U=

Ultra-precision CMP 2t8|0f| CHgt =27t EH”‘*OE S7te ALt

2. AU HMB(Alignment) L EC RH|: 12| IHS Aol ZtZ0] T2 Z0i2|7| R0, 7|29
OO| 220/ (u m) TS E0f LE=0[E{(nm) TRl L=E 2= Hybrid Bonder?t L&A QL|Ct Ol FY
AH|O|Z] 7|t Dol E HIY A|ARIS] ZEE 28LICH

ol

3. ZMICH ZHAF 232M (Metrology & Inspection): Z& A HEHO| 2&0|L} DN LS ROt 4 Qs
Ve st AL ZH[et, Mot & WOl O|Mst 2e2 H|otn[H ez ooy 4~ = 1EiYE 3D X-ray/CT
71£9| 2240| < HAULICH E5], AHAAZE HBM4 0|5 =S ZH0|AM= 0[215t AL AH|Q] U=t 2
2 (Yield)2t 21 2E ZAYLICE [4]

3.22 4 Y
toj=22|= 22 HBM2| 52 & A =AIZ "AIY 2214 (Game Changer)' ¥ 0| 2 FELICH M4dMAt=
Qs 71&2] TC-NCF 7|&38a 20 Mt Hybrid Bonding &% WSS ISt R&RDE 7438161

o o

;O
m_LUI_ o> mu on
r
Inl
=

HEOR, ¥F HBM BIYS VIR 29 U 2Y FH| SN 2HY THSHCMP), Lh=
A

S
(Nano-alignment), 12|21 24T A|=(Metrology) &H| =

o
e
0z
|o
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)
ofN
0z
2
2
o
et

pat
O
=
©

12 & CRESSEM CRSM-AI-2026



YEUA HBM A2 34 L sy A S5 o

O
Hr
1z
HC
kJ

CONFIDENTIAL

O M SE2{Q1 7|52 712 ZBIAFSO0| ZMCH BH=A| TH7 | Y Al M2 23S 77 2 AYU T

ZE Y MAY

x
S o
0
s
i
Hir
2
rir
y
o
In
5 2

A= O

A4 AZC] HBM(High Bandwidth Memory) Al =3 &E &= Heo
Aot FLUotA A ojst fE(Yield)S

a
G HE RO WHHOR WSS B2AZ Y TS
ot ]

FYelst=Lio &ef AL & BEUMoM 248 Biet 20|, HBM A= S¥2 d5d2| TSV ¥ 7|sFH
=5d2| Advanced Packaging 7|20 O|27|7HA| 7| 422 ABE|0] J2D, 2 THAO|AMQ DIME 2217t 2|F
AHZof Hzldo (YAl geks oj-LC

YT 7| B J3S e iy e 2 A2 L3t gLt

M, =& 2|2{sk(Yield Optimization)E I8 AAL 7|2 D=sPt 2|2 A YLICH H-EHAE 2HEISHD

= TC-NCF(Thermal Compression Non-Conductive Film) 342 10t 2= A| BH4lSH= Warpage (&) #1010
F2[StA| 2, &l Ato|2| OlM[st Zt31 He MBS &2lst= Hert 0fR SUCH et dS d A 0A Q]

2 =

= = =
Ol0| 22 "I (Micro-bump) 28 HAFEE], A2 5 LHEQ| Void(3=3)E HEE 4 U= 154 E 3D X-ray L CT
7|8t H|Iob2| HAL S2M49| E80| T4

Y

o
I
Il

=M, 2t 1§71 7|=¢Q! Hybrid Bonding2 22| 4d4||2] Mgk FH|7t L2 FfL|CE HBM4 0% =QE Hybrid
Bonding2 7|Z2| HZ(Bump)E 75t 72|(Cu)S 28 dEots YA022, B[ |} T FESHCMP)
Iz 282 Y (Alignment) 7|0l 27ELCEL Of 2 =
AMEY A0|H, A= 00| CiSsts 21olid s Eot AL 2 AIS B9 &=
=&-gatOF gLt

ARy, 3 HlOo[E 7] I%ﬁé & 2| HA YU Sttt 2T TYE 90, A oM 24E
Yrhst 1|0IE1§ A5 SdYol =T FAUS FFH(Root Cause Analysis) g & U= Al 7|2t ADIE WEZ]
£248 Zafsiof gct OIE A= A7HCost per Die)& E&otdl, NAALR! SIE|3 7|Z(CSP)S0H|A| Hg A2l
S HEES Y70l S22 + AUs YA Y 29 2471 E AYLICH

2EYLE, HgHAE 400mm=z LUOIH(Ring Wafer) = o dit 2849 Ststet H=9,
stoj=ele 29 U Nt HE SYOM RdSteE TIed HAHE HEY & UAs 2L HAA-AS-AHO ST
SRS FELC2M AlTIR2| Aol f=2{Q T (Hegemony)S ZHE5H{OF BfL Tt
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