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HBM4 AlY S 24 A ATl Br=A| HAF 3| 7= 7]e] 1M

o
EP#%P Y7l HEdS E4ota, 43 B 7t 2 Hybrid Bonding =01 &

1. HBM A|Z2e| 2I3}9} 7|=2 m{z2{CtUel A&t

DCHYE 022|(High Bandwidth Memory, HBM)& G[OJE{ 2{2| £=9} CiZES Sh5t5t7| I3l of2f 71O
DRAME #2422 45510 QIEH0|AS 2ttt 1ds H2e| ERUYLL AUSAS(Al) HLto| 7tEst= 2l
GPU 2 Al 7k&7[(Al Accelerator) 2| 4s0| H|2f2 o= S 0| Tat, 0|S H2alsty| 9leh 022 22 H22 M
HBMS| S2d2 tath 759 2HHS G0 ALH- dA9 55 Z2YAe Y 24(Key Enablen= 2t
YUASLHICL

HBM A|Z2 HBM1S A|2t22 HBM2, HBM2ES & A 221 A|Z91 HBM3 L HBM3e THA|0]| 0|27 7t2]|
At 7|24 2ISHE Mool YHELICH 2 Mo Met A|M0tCE 2 & T4o 37t HI0[H ME £&(Data Rate)2

SkAF 12|10 0|8 F#3i5t7| st HZ& 7|&(Stacking Technology)el 1E=sk7t SHte|AELICH E3]

HBM3e EHA|0 A= MR-MUF(Mass Reflow-Molded Underfill)2} 22 2 7|£0| 482 A5 2tRs6t= aHAl

A 28310f A ZO| 4G ISR

129

2. HBM4(6A|CH) Mete| Mtd S2/d
G2 Br=&| &%*% BM3eZ Y0 ZIAM|CH EEQ HBMA(BM|CH) 2o H QI et |
HBM4=Z9| 22 tha3| HO|H M4 £ 8 =0l S 90, H22] 2R} A= S et 22l 2230l
I{2{Ctelo| Hi5}
HBM4 &0 Zt= e 224
Ap PRA NEst U M SHA SOHQULICH HBM4A CHAOME HE Ciedt 7|1 120 28 9o 16T
O|&te| NGk A= (High-stacking) 22 2Iet0| wet, 22| S Aot KAT[Z|(Warpage, S|0{&) o4 227t
AHEQ MES Z2HA= sHA AIZE ELUCH Ol A& 7[89 224 SHA[0f =45ts 1t¥0|H, 0|2 aliZ5t7|
el al
[=) =

fIet =22
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A M 712 ZHoM 24 4+ ASLICH

=3, A2 b22[(Customized M mory)22| 2I3IIL|Ct HBM4EE{= DZHAF(Nvidia, AMD 5)9_| Al

7157 AA 270 g2 "HAH 22 C10|(Custom Logic Die)'e] =QI0| ZHA|StE|1 JELICEH Ol 7|&

BEsHE H22| 5 EA0M HojY, T2Ee|(Foundry) S8t 022 S¥0| 28 g2l A=z ’é;”EH74I§
%EE O|D|EfLIC}. ofof wet 22 Cro|et tfj=22| Co] Zto| QIETHO[A HAF Y 4= 224 (Signal Integrity)
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HObAIR REHS BHAS BA 242 SAET UBLC

Ainy, 2EMIC 29 7]&(Hybrid Bonding)2| =AQLICE 7|22 B (Bump)E 0|88 &
F2|(Cu)Qt 2|2 Y HASH=E 510|22|E 29 (Hybrid Bonding, Cu-to-Cu) 7|&0| HBM42| &iAl J7|&==2
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=252 AFULE Ol ¥ Ato|e] ZHAS &V[He= 20 H0|H d& 288 SUSE + A2, SAI0 A=
539 HO|=8 YotarH 22 0|0 O|ME 2822t 51&E5tA| phe 2L HAI &8 S 2+t Ut

3. Al 2BH0| (2 ZAL 7]20) gt vt
HBMARO| 7|32 282 2 48 (Yield) B2le| WO|E 44'3 AZELICH B2 ©47t £0ID 20|
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THetA 2E d 7Y THole] 38 2d5h= KGD(Known Good Die) &= 7|*"P 45 58 S Ldst= oA
ZeS A2 B35t HAH 7|59 £2¢0] O ol T Z2E[1 JASHC

ZEXHSZ, HBM4 AZ2 Al 22| 29| ZLH S7tet i 7|4 H=Ho| M UASLICH 2AMCH HBM
AZOIM S2l5t7| flsiMe E S HISS T =24 A0 7=, sto|E2|E 2E S0 z[4ste 24
S/HIIHR] A 7|5, 22|10 LTS HAF BIO[EE A2|g = A= Al 7|89] 25T HAF £F4H0| R7|H2=2
ZEE|O{0F LG 2 2AME 0|25 A 42| 553 2AI5IA, Helsts 58 88 £0i|M B HARYE| 40
Tafgt o+ Ae 74 718 RS HSH2= DSt gL C

HBM4 A[Z 2 Y =2 U (2025-2031)
1. HBM4 A|Zto| Zutd M2t Ql Do zat
TH@'E 022/ (High Bandwidth Memory, HBM) A|Z2 Al 7t&7] £290| Z21 o) Ra=s HA7IE
20I5L UEUICE E3] AMIT] 742 HBM4A(6MICH HBM) 22| M2t thadt s ghets o, til=22| BH=4|2f
;uzq IH2{Ct0| Hatst= 27]H0| 2 A22 MY

HBM4 A& #2& 2025E 9F 0.15 billion USD £&0|M A|25t04, 20260 0.28 billion USDE
ZtAHQI Mg B o2 Of|AELCH [E3: HBM4 Market Size, Share & 2031 Growth Trends Report].
F=oljoF e M2 0|F2o M 7[27|YLCE 2031E7HZ] HBM4 A|& 2= 2 6.17 billion USDO| & Aoz
O|2=|04, 0] 7|7t SO ALY F HZAE(CAGR)R F2 85.62%0] E5tes ZYZQ £2|5 7|28 Aoz 2Lt
[£2]: HBM4 Market Size, Share & 2031 Growth Trends Report].

Olz{st st Mol vilAH= MAHE Al(Generative Al) 2EO| D=3} 0[0f 2 H|O|E 2|2k
715tg2A S717t 212 10 JEUCH HBM3EZE A Ao 2RE st ey, AT A0l 2E(LLM)2]
27 85 &3ot7| flol ol dE £=of 80| ICHtE HBM4ZS| Metg L4l SEYLICH [EX:
High Bandwidth Memory (HBM3, HBM3E, HBM4) Market 2026]. | HBM A|2F 2HH0|M = 2025E 4.21
billion USD T+20i[A] 2034'd 51.24 billion USD 22 M2st 7102 Mae|= Jt24|, HBM4E= Al 29|
MZS HOISt=E Al Z20| € AQULICt [EX: High Bandwidth Memory (HBM3, HBM3E, HBM4) Market
2026].
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MY HRE 19 /A 1Y HBM3e/HBM4E S5t S4H0 25 ST E Sof
20264 Mot [£2]: SK Hynix HBM dfe s [EX: HBM Has = [EX: HBM
Market Share 2026] Industry Analysis - 1Q26] Industry Analysis - 1Q26]
H 1 [H: 32 HBM M ZAE A1 Mk & A Y]«
 SKBIOIGAL S HBM AIFOIA SOl 2ICIUE SRR SUSLICT. 202601 Al D|22) 20 iy
TAEAM Lo A|Y AHIHEE 71 22 HO|H, =2 FYO|UZ (L 72% FF)2 HIE2Z MU HZ

7HH*01| 231 USLICH [Z2]: SK Hynix HBM Market Share 2026].
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HBM4 MIEio| 71 Z7HA[HQl Bots A& B0 SIIYLILE 7IZ HBM3EZE 8TH8-HI)OIA 12E(12-Hi)
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HBM4 29| 7|2 ©H2HE 7|Z° TC-NCF(Thermal Compression Non-Conductive Film) E&=
MR-MUF(Mass Reflow Molded Underfill) 240 XtMCH stojE2|E &Y (Hybrid Bonding) 7|&Z9|
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YUY UHE Void(S=)E FdstA Ut Ol & s dEY Al AUEA SURE FYSIH A
FZ44(Signal Integrity)S A3 &fLICY.
3. 22 ¥3}: Custom Logic Die =1} QIE{m|0|A Z2+A
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HSIYLICH 7|12 HBMO| EESHE H22| #2F TURICHH, HBM4REl= DAAHAI 7t57] A Z2AL &)2f 270
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— [= e =
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ZEEE YoM, F 01F S 2to| AHI 0|2 =g S 2ESHe A0| 0 7HEH2 LT

- Clo|g| ¥& £ L 48 22/ HBM4= 1.5TB/s 0|2 21& HO|E &S SHZ ofE22, 14 4T
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HBM4 11tk 2= 2l Hybrid Bonding 7+

Top Die —TSV §iS - £HS

Core DRAM Die x16
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- Cu-to-Cu Alignment Error (Sub-um)
- Interfacial Void (Hybrid Bonding)

- Warpage (16-Hi Stacking)

- Logic-Memory Interface SI/PI

2 1. HBM4 & A= 2 Hybrid Bonding #+&
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HBM4 Hybrid Bonding 2= CHHET

© Cressem HAL Z2IE
- Die Tilt (BADH
- Underfill Void

Top Die (16th Layer)

—— Top Die (16th
Z| T o= 2] CHo
Inter-layer Die ——— Inter-layer Dig
Z=ob M2 [0
—— Ci-to=Cu Inte

Bl0|ERE 24 &

- UBump Bridge/Crack

-TSVEEd
Inter-layer Die

Logic Die (Base Die) —— Logic Die (Base Die)

Customized Logic Die (I[2=2| 273 HEh

Package Substrate ——— Package Substrate

12 2. HBM4 Hybrid Bonding 4= CHHE

ZtM|C HBM4 ZAL £ OF7|Ell%

Cllojg S& 22|

£Z5h= A H0lE
22

3D X-ray
0

Void/Warpage
AOI /EMD g

4714 HAH

KGD

Hybrid

d3/0l=

O3 3. ZHMIT HBM4 ZAH &2 OF7 |ElA
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Al 7|4 HAIZE ZAL G[O]E] 22| Z2A|A

o ZDFAE Ojojx] HE Edge Al 242{2] HA|IZH o= o HIGolE S8 24
=]

Hybrid R
St
Bonding % + G > A V()ldE TP germy =p 2y P M =Y UolES
oMz es JtE0|2 E5 Lo|= =5 00 S S =5t510] 27| H A2
= M\sa\lgnment 2101 H 0] AU 28 SBor S/
°|°|‘ A A AAZE L - 2|23} 9l oljar 2|
Y o 0[5 orz Particle S 2|5t 201 2tCt R
Sub-micron= o186 &= st o8 A4S niy peh
& ol 3

O 4. Al 718 LAIZE BAFHIO[E] 22| Z2 M2

ZEHOR, HBMA Alth] ZAF FHE TSt 25 =22 Hof, A2 S8 30| 2153t olns 'Hole
Jute| 28 HEE EfSl ATS SWFOF BFLICH 0= ML} 2 ME J|0| RTFHE 2HY HA
STAS ZE5Hs S0, SHSHE 0l22] AIYOIM 713 AY FHS TFHE s4 10| T HYLICH
Z2E 2 A

HBMA4(6MICH HBM)2O| HBHe Tied| 22 42 S0l= U2 dof, ol22let 22 (Logioo Z27t
5120121 722 eictelol ¥stS o0|ELICh 2 BOMo|M EAS AR S5 7123 UHSS S8 2 1,
5 HBM AlZO| ST Thedt M2 0| ofd 'SB(Yield) HEE 913 HAL 7180| HUEet £=0f of3
ZHE HOR HYFLICH

HBM4 A|Zo| Zutol MZEM|(2031HE7HR| CAGR 85.62% 24 [£X: HBM4 Market Size, Share & 2031
Growth Trends Report]) £0IM A2 7|¥S0| 2HE 4] BpA|2t O|0f HE H2FA AAH 2 CHE Z2E LTt

1. 4382 StHE 9|5t ZHA} 7|&2| M2k J}x| (Yield Improvement)

HBM4= 16T+ 4 oz Qlsf &2E LI-_PO|E7|-
Jotgsdo 2 455t JELCH £5]| A5 T 0| YuY F< Zdiﬂ AEHS T 7|5HOf ot ATHEE &4 22
121 Qesz, HEx A [olA 7HE Diec| B&g 35| AZ3dt= Known Good Die(KGD) EFEN

[:|_|.
L4HQILICEH T2t A Z3(Pre-stacking)oAMQ] 27|12 EX ZHAR} 1—1% Z(In-process) CHAOAMQ] HY
HO| AR Y7t AUAS ZARI= Al | 74

J

Hybrid Bonding =20 T}2} 7|Z2| Bump 7|8t g ErAlab= 2}2/0| T2 Sub-micron(um) 22 21
dd(Alignment) ZA2t Void(¥l 32 A= 7|80| SFELICH A RAIS2 TS 22 7|24 2EYWS FE6H0F

- 2YY s HAR Cu-to-Cu YOI O|M o2 (Particle) X YE 22E HUAZICZ ZOtd 4= U= 3D
st AL ERE EE
- H|O2| AL DE3) A Lol ZEHS &0l5tY| 2|6 1sH4atE 3D X-ray(Computed Tomography) 7|&29

25H= ZAFG|O|E{E 22|stD E2F2 22t TG 4 Q)

o =5 = ZF TS 4~ Q)
3. A% 2=H AH 24 (Inspection Precision)
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ZI S5 HBM A|Ze| REHS 'HAF WU (Inspection Precision)'2t *ZAAF 22| £E(Throughput)' AF0|Q]
[ S2d USLCt Custom Logic DieZt ZEHel
A

2| H4YS F7h UA 2Ot =Lt | HBM49| £44, I2Ee| g2t
o222 0| Z2E Sl IETo|A HAF HEF0| 2E UL ol U

2 MHHOR Th3E 4 U ZAF FH|
A

E£2M 7|=HE ZE 7|Y0| AN Bt=A| 22X (Supply Chain)Q| siAl EHZAM SE A0 2|QIE e ZHe =2

1. [Sector Update - 24 =H](https://www.samsungpop.com/common.do?cmd=down&contentType=
application/pdf&inlineYn=Y&saveKey=research.pdf&fileName=2020/2024031309300624K0205 .pdf)

2. [PDF | B 2| b 2| 2| FUEHAE
(086390)](https://stock.pstatic.net/stock-research/company/74/20260724company672937000.pdf)

3. [PDF 5tLE#H20250212f] (https://stock.mk.co.kr/uploads/20250212/1739312417251157798fb6e8
38a187.pdf)

4. [Sector Update - 2 =2H] (https://www.samsungpop.com/common.do?cmd=down&contentType=
application/pdf&inlineYn=Y&saveKey=research.pdf&fileName=2020/2025010621513576K0208.pdf)

5. [HBM Industry Analysis - 1Q26 |
TrendForce](https://www.trendforce.com/research/download/RP260204DA3)

6. [Semiconductor Metrology & Inspection Equipment Market [2034]](https://www.fortunebusinessins
ights.com/semiconductor-metrology-and-inspection-equipment-market-113987)

7. [+15% in 2025: Metrology & inspection accelerate semiconductor innovation](https://www.yolegro
up.com/press-release/15-in-2025-metrology-inspection-accelerate-semiconductor-innovation/)

8. [Semiconductor Metrology And Inspection Equipment Market Size & Share Analysis - Growth ...](htt
ps://www.mordorintelligence.com/industry-reports/semiconductor-metrology-and-inspection-equipment
-market)

9. [HBM4 Market Size, Share & 2031 Growth Trends
Report] (https://www.mordorintelligence.com/industry-reports/hbm4-market)
10. [SK Hynix HBM Market Share 2026: Al Memory Investor

Guide] (https://koreainvestinsights.com/post/sk-hynix-hbm-market-share-ai-memory-demand-2026/)

11. [High Bandwidth Memory (HBM3, HBM3E, HBM4) Market 2026](https://semiconductorinsight.co
m/report/high-bandwidth-memory-hbm3-hbm3e-hbm4-market/)

12. research.pdf (AL 2t&)

13.2024031309300624K0205.pdf (AL At=)

14.20260724company672937000.pdf (AtL] At=)
15.1739312417251157798fb6e838a187.pdf (At At=)
16.2025010621513576K0208.pdf (AL At=)

17. B0 _EHAHBM4 U SO THE A AL |25 2L 8220260509001 . pdf (At At=)
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