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Ht= 3| £33 (Advanced Packaging) 2 U H|Z ZAL A|AH 7|&
=M BN

S| 1712 7120 NEsof 02 33 OIS 522 2Ask, HBM U A H7[d Che S 9iat 1Y
B 2AR AlARIO] OF7 e} A HAL B2 7|$ 402 Darst

712 (Introduction)

1.1 S| A T{Ctlo| 28k 3 D|MStoM £33 NE5tE

|2 BE=X| ARA2 7|52 AA Mo =EEtof et HOiSt T2 CHe| ety |E 2to|std USLICH 2hH BHeX|
3 MZS 20| JAHEZE =0|= H2ZH(Front-end) OJM|E} 7|&0|A&L|CH SHA| 2
5nm, 3nm 0|3t2e| z0| 1| s8o=2 ZYUSHHAM & 7|=2| SHA|, 34 H|EQ| 7|otgd &5, A2l =24 &4

O[24st THAIE =5=35t7| @la FAlQl Ald2 OlA &5 (Back-end), & OENAE IIH5'|7“'(Advanced
0 ol |

Packaging) 7|=2 O|S5t JAEUCE Hedl 1S E205td 2| HaAet fEste +F2 0, M2 LE 7Is
M YSE A Ee £E2=2 JLoP HSSHAU HESHH H0lH dE 2EES Stistets EA 0 ZHHIEH
gteA|o] sy BYHO| =ASHCL S35 ASA| L

o
. S(Al), _T'_@% AFE(HPC), IOl Mg AlZel FEAQl
I Z (Bandwidth)2 &l7|2 22 =9I HBM(High Bandwidth Memory)2} Z2 14 S 0| 22[9

2

gye= C =
M, 7| 7|29l S2E2 1 0| LD} obZ-EI_' UELIE [6, 8].

[¢)
—
TRt 55t

1.2 Advanced Packaging 7|=2| si4l: HBM2} 3D A= A=
OlERiAC TH7|Z 0| Mot 22l= HBM 7|&E 4 712| TSV(Through-Silicon Via, 42|2 2& 23)2t
Cto|(Die)E #2122 X Eot= ST 3D R E 7HHLICt Ol et

0§ OIMist =7t =7] W20, A= 2pYOofA 2de
Jls 2= A2EHC 2]

4>
<
rir
il
-IN
N
rl

401 DRAMR &2 & Afole] 217 £2)
e 22ld ZaE Y HBe| 45 Aot

HBMt 22 1A FR0ME O 22 7|4 Q+AF0| St Tt

- ZOCHHE st8: 2] 7HO|0|E ME £S5 J0itsty| It DU T QAEWO|A 23,

- 22| QHH M CHTh A= A| 2SH= Warpage(8] d4)) L 124 HY A|0f.

o 718 A 14 MS HY A 2SH= Signal Integrity(SI) 2 Power Integrity(Pl) SHE [3].

ol2{st 7|4 L= Ij7|d 3Z2| HO|=E 545| =R2H, Ol= 2 7|22 At YA 2= 18T & Q=
MEZ 2t2lo| At 7|2 26t JAELITH

1.3 AL 71&2 24 +2(Yield) &2e} L2ld 23S
HEC R AR 2H0A $E(Yield)2 7|9 40

a7tel ool o] 7 H3ote 3HoMe o =

I 7|5HOf Bt= 2| AT 7F S2AFULICH T2t HS A CHAO|M 7HE o] ¢ o2 S 25| THEst= KGD(Known
Good Die) St27F H420|0, 22 3F  LUSh= 0|M 22 HAIZILZ ot U ZA £2M0| &2
zelo| sialo] g ot [3].

AL A0 FOtO|L} Tt

A0l &4 ule-based ¥12|=0| o|Z3ICHH
ChSt 22 1EstE AL 7= 278

o o
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1. @YU &3t ZHAHHigh-Precision Optical Inspection): Sub-micron(1pym 0|2h) Ct2[9] SHAMEE E5H
Of0|3.2 Y (Micro-bump)2| =0|, dZ &El, O|M 2SS ZEoH0F &Lt

2. H|o}3| ZAAF(Non-destructive Inspection): X-rayLt CTE &850 A& LfEQ| TSV HZE AEfL} LHE
Void(g! 37t), Delamination(&7t £2|) 3= 245H0F &LICt [2].

3. Al 7|4t 2|5 ZAHAl-driven Inspection): £3ot= ZAL GIOIE| £0A OJM| 2t Fa2Ql 0|25
Fets| FEoto] 2AP(Overkil, FFS SU2E TH)S RS, 29l 22 AUS 2AlS= sHO|
27Ut 6, 7].

ZEHCZ, 2 BEuMo|Me B4 Ahgle] sy E-MIERI 15 7|3 7|59 SES 2021, 0[0] tiE5t7|
5t HIZ HAL AJAEIO| OF7|Elx{ et 2tMICH 7|&2! Hybrid Bonding(5t0lE2|E 2Y) =0 2 At 7|29
ot YS M= U FMotnat gL ok
Bt 254 A8 =8 2 ZAF 34 (Process Flow)

Bt 7|1 3¥2 taedl -2 ESStks TAE Eoi, Oldls el dsS Itislst Clojy dE 455
=0l Al 45 78 HAH=Z 2gtstAE LT 3] HBM(High Bandwidth Memory)zt 20| 4 749]
Cto|(Die)& #2122 A Zoh= 3D #R0ME 2f 33 THA Ot Yileh 2~ Q= O|M| 282 A A0 d&ots 20|
A =2(Yield) S 2E2 = 2EA 2471 UG [2]. 2 AMA0lM = o[ ThA|(Wafer Level) B 2/ 412l
E|AE (Final Test)0ll O|27|7t2|2] MRl & SE, 2F HAOM f3el= A AE L FAHE 322
AL

2.1 434 U gflo|mj THA| (Pre-stacking & Wafer Level)

A& (Stacking) SE0| A|ZE[7| A, 7HE 2i2t 0| MEHO|M S| ZEHS AMO|| 2tThots THAJLICE O] A9
BAF SA2 2 2ol FY W20 ASUCH HS SE2 H|81t A|2H0| Of< 20| ~AQ&|2 2, 0|0] 20| U=
20| M= Yol FLE F MA| AE(Stack)S T 7|50 SHe LTS 2410 BHlst| LTt [2, 3].

- F23Y L AN

« TSV(Through-Silicon Via) &@‘d ZAl 0|0l HHE £ 749 2|2 &4& M= (TSV)0| HA =
Hes| FPEU=Al, 20( YTt HASIRE HAFRILICE [2]. TSVvel A8 2

A Z Lot

. 010|322 HI(Micro-bump) @A ZAE & 2+ oA
@& (Crack) 6{FE &l [2]. HEO| 0|7t 27 YsIH A4S Al & =2
o AM2 ZHH| gl 7| Q0| 2 E A|AEl(Wafer Probe System, WLP)S £¢t 47| HAEQ} nHYU &S
A| 2Bl (High-Precision Optical System)S 0| &3t O|M| THE 2! Void, Crack AA|ZF AAZF HSHEILICE [2].

o
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roh
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ne
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FH
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-

2.2 ¥ U S 2 oH (Stacking & Post-assembly)

43 VM8 dES 22FHe=2 4ot 22|, d7|He2 HES= 7ty Al HAYLTH HBMS| 3%
TC-NCF(Thermal Compression Non-Conductive Film) 2= MR-MUF(Mass Reflow Molded Underfill) AIS
E3f 22 M50, 2AMc] 3HoM= Hybrid Bonding 71&0] =€ o ZLICt [3]. O] YoM E 224
HYN HHRO A2 S USH2 2 HArL T

-
238 LB
a

F t
- Die Bonding & ¥ &(Alignment) ZAL 23S d= HE0|M 45HE CHo| ZHo] Y& Y&=s SYELCL 43
—
-

e
Al Zd5t= DlMsH ¢

—

ny

Wi
to

Wi
<
>
Q
S
>
3
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>
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Btz 3| $27 (Advanced Packaging) 32 4 H|&
+ Warpage(&l) £3: 11tt H=0| =0 o2t €4 2|(Annealing) 243 A 2t Hm2E AH4~(CTE)
Us Sl O] & =2 FUSHA =HsHof

FO| EhMISHL|CH 3D 20128 E

10| 2 0I5 0| L} T§7| 2|7} 5= BIA)
Ut (1, 4, 51
Z oM Elst= Void(8! S7t), Delamination(&7t

- Mer2(Bonding Interface) ZAfL: 211t 2l Atole] HEHE
St I 7to| th2h(Bridge/Short)S ZAFEILICH [1, 2].

=22)), £ oy
« A2 ZH| U 7|&: 3D SPI(Automated Optical Inspection)E £3F ¥ =0| 2%, X-ray &
A5, Al H|M AIRIZ E3f 282 A2 2FFLLCH[2

H|Op2| HALS Sslf LS TSV 52| VoidingE &

4].
3 2|2 AM2|d U 7|5 E|AE (Final Test & Reliability)
7| 30| =2 AHSO0| HA| DAL A|ARI(GPU, CPU &) S Z0|M et oz 25 4~ Q=2 2(SH2=
TtYot= THAQYLICE O] THAOML] HAl= AHIE2| 2|5 &2 B35 (Quality Assurance)g S22 LT
C 29 DM U AHAEE:
f(Infant Mortality)2 Z4|E R<5t A Hsh=

A7t5t 27| =8

mj

+ Burn-in Test: 4|0 7= 5t A2t 2=

2HE AL CE[2].
+ Hot/Cold Test:

25t0| 2& SAH(-40MWcrcC ~ 125McircC S)0lA CI0|E & &E9F AT

2 A M (Signal Integrity, SI)O| R =|l=2| &Ql&tL|C} [2].
- 7|4 £ ZAHElectrical Test): 1% C|O|E] M& A| YMot= M 224 (Power Integrity, Pl)2t A1Z9|
of= 02 E 2|Z HSELICH[3].
- AM2 ZHH| U 7|4 145 T 2B 712 (High-Speed Probe Card)@t 114 HAEIS AR610] S0{Lt 2'E 49t
214 OB 0| A S ZFLICEH[3].
243H HAE AN Y L SET
Qo] Ligs Z¢olH, Ut £33 HAls [AMM ZHSh Wrightarrow 374 = 0] wrightarrow 2|Z ZAZ]e
=2/ S5 7IUCE Ylojm CHAofA el AT HAls £& 539 HIE 2|A3E SOF0, A& T ML
MAIZE ZUEHYEE 33 O2I0E(RY, 2= 5)9 2(ASE 7HssHAl LIt [1]. olReez 2|& HAEE
DHALRZ Q= HEQ| 42|14 S SHEFHLCE
HBM Advanced Packaging Process & Inspection Flow
Wafer Die Final
bl
©:..0in; ll ©oncivs
TVEEZ  » pietoDie | ® HHEVoidY *  3DSPIY N
Micro- bump 221 g Bridge Z ﬁoF X-ray HIHM Burn-in 2!
ZAH W 2 At Yoxt Ho|H M2ld A2
(Pre-stacking) arpage = = =
a1
=74 S| 2 ZAl gk= H|1 (Inspection Items Comparison)
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HBM(High Bandwidth Memory) & ZFM|CH O{EBHAC T§7| 4 (Advanced Packaging) 582 A& th4ot
Of2|1 Z&H grAlo| O|M|EteElof mhat, 2t 22 S0 HE8HOF 5t Z8Ho| 229t Q&= AL HUZJ}
te42o2 2715t USLCH £3| TSV(Through Silicon Via)2t 00|22 I (Micro-bump)Z 223t 3D
TZ0|M= T StLIC| ZTH0| MA| ABH(Stack)e] H7|2 0|01 4~ U282, tAHZ E5tE A =2

St 0| &e|sts 20| 2 (Yield) L9 Y YLILE [2, 3].

oII

ox N N MH'
10 o

2 MM 33 E%Oﬂ w2t Pre-stacking(Wafer Level), Stacking & Assembly, Bonding &
Interconnection, 12|11 st & Reliability2| 4TtA 2 125104, ZF THAE HAL T, 2 28 F™ (Defect
Type), 12|11 O|Z s{{Z35H7| —‘?—Ia M V=S S H|W EAMFILCE

—

N
35

3.1 3% T2 FAL = M 24

##4#4# 3.1.1 Pre-stacking Stage (Wafer Level Inspection)

43 S0l AYstr| A, 7HE Diet Wafer JEIOIM 2T 245 ARMO| 2tHStE SAYLICE O] HAH ML
HAL B2 'Known Good Die(KGD)'E #ESIY, & SE2U HE HAOAM 24 4+ A= BIE &S

+ 22 ZA THA: TSVO| 2212 A, Oj0| 22 I (Micro-bump) | B4 AEf, Dieol B3 23,
- A 2B B

+ Missing Bump: §& 2{2|0l| BT} FHC|A] AL &2 ZHO0| F2HE HEf [1].

+ Bump Void/Crack: HZ LF2| 7|5 (Void)O|Lt BH| #H(Crack)2 Qlst 17|14 ¢HE 2 7Is4d [2].

- Pattern Shift: %I[0|TH &F2| D|A| &| 2 THE O] A Z|0f|A SO &4 [2].

- 3 Y 7l fojm ZRE A|Af(Wafer Probe System)S S8 7|H ZHAtet neiME &st
A28l (High-Precision Optical System)& 0|2t DM Zgt HAIZH HAPD SAF T [2].

###4# 3.1.2 Stacking & Assembly Stage (Die-to-Die Alignment)

7HE DieE dAIE &A0f It 4ot 22l= TAZE, 2 Al EMot= 22| HYL FE 2418 &e|ste 40|
sHAIQILICY

- 32 ZA o4 Die 2t @ (Alignment) dote, A2 20| 2|4 oYY,

- M A /¥

+ Misalignment: Die Bonding Al &3 Sd30|Lt & 2= Qs Bump E£= TSVE| 2|7t DA %[0 A
HOjLt= SAF[1].

+ Warpage (&l): €*{2|(Annealing) 2+-30{|M Az 2t SH2E A4~(CTE) 2t0|2 Ql&l| Die L& Substrate?t
2

3|02 = A Ol= A& 273 (Stacking Unbalance)& 2§ gL Ct [1, 2].
- Al 7|&: 3D Z20bU2I(3D Profiling) 2 S¢F Warpage A7 7|&1 2 YU AH|0|Z|S 0|86t AAIZHHY

B3 7|=0| 2+EULCt 4, 5].
###4# 3.1.3 Bonding & Interconnection Stage (Connection Integrity)

2 el HIH SRE kst TAR, HBM3ESQ] MR-MUF @Alo|Lt 2tMiCH HBMA42| Hybrid
Bonding(Cu-to-Cu) 7|&0] H&8&|:= O st FZHILCt [3].

o T2 AACHY: FERE (oint) Q| MV M AZY, 24 2t S2|A e AEf,

- SN Ast F:

« Bridge (Short): @I&%t Bump 7H0l| =3t Solder =X E= Reflow 2= 22O 2 QI 240| HALZ0f
Cheto| Erdliot= 34 [1].

g CRESSEM CRSM-AI-2026
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7|&(Void)0|
o O|MIEt Ol=

« Voiding & Delamination: &+ LjEo| 27
54 E5| Hybrid Bondingdl M= Cu-to-Cu &&tH

H|ofD| ZHARRI X-ray & CT 7|8t 24, 02|10

AGE| AL, &7+ 22| (Delamination) 7t 2%
2l (Particle)0| 2|@z0l AstS Qut

CONFIDENTIAL

==

of

4

arr

oo o

Hybrid Bonding =0i| T2 Sub-micron &

SAEO 2EAE 2D/3D AOI(Automated Optical Inspection) 7|&0] T4 QL Ct [2, 3].

Final Test & Reliability Stage (Functional Validation)

IH7| 0| #=E 2[Z AIF0| 2A 75 SE0M A AHS UESH=2] dS5ts HA

— "

- 32 HACh: M7 L& 22 4(Signal Integrity), 23 22
. Al A5
+ Functional Failure: 2

+ Reliability Issue: 2= B30 T2 AM2|H 5t 2 27| &

- M 7|&: 20| Hot/Cold Tests S5 83 Al2ld A3t 1
D259 Jt=(High-Speed Probe Card) 7|50 s#AQJL|C} [3].

-

3.2 3% oy
2lofA 2

Bonding
(Connection)

Pre-stacking (Wafer)

Stacking (Assembly)

A (Power Integrity), =

10
_o'h
rr
kJ
ne
H
S~
kJ
0x
or

Final Test (Reliability)

TSV, Micro-bump,
Die Surface

Die Alignment, Stack
Height

Joint Integrity,
Interconnect

Missing Bump, Misalignment, Bridge(Short), Void,

A At (Defect ) o
28 ( ) Crack, Pattern Shift Warpage Delamination
HAL 22 KGD(Known Good Hz Moz al 1 H7|d AN A S
aHEs Die) &2 oYy e pEEEC!
Wafer Probe, 3D Profiling, X-ray/CT, 3D SPI,

High-Res Optical Nano-Stage Hybrid AQOI

2| (Z0M HE

Jley Hol= s IE38 718 o (22l HY H|of) o))
H1.
[EA: Ol
O+ _HBMAAILE|AESEV7I0|E2R]_20260509_001.pdf,

Electrical/Functional
Spec

Functional Failure,
SI/PI Issue

bu
OIN ORN

AE 8

or
2
(ol

oY

Burn-in, High-Speed
Probe Card

o @

B

REET)

=

Ar

A HBMAdvancedInspectionSyst 20260509 _001.pdf,

E0M_EUAHBMAM SO TEZ A |ss LTS S_20260509_001.pdf, 7|8 &4 E1M ()32

(CRESSEM)_20260509_001.pdf]

H| 4 ZAL A| A O} 8% (Vision Inspection System Architecture)

7 g CRESSEM
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-

145 Btk I§7|3d, £5] HBM(High Bandwidth Memory)2t 20| 1A 3D A= {I1RE CFE= dAt
SY0ME 22 =2 FUZe WE HAL HZ(Tact Time)E SAlO| ZMsoF §LICE 0|2 {Is

Y (CRESSEM)Q| HIM FAL A[AR2 2YY Fst AR(Optical Engine), H=D|EE AO7} Jhs
T=52(Motion Control), J2|1 &8 s IHES £35H= Al 245 (Al & Processing Unit)7t f7|422
ZEE NEoE O [H S AHEHSIL ASLICH[S, 6].

StEL0] AlIS: 1YY Gloje] &5 L HL A|of
Bl AL B[] 22| dsS 284 StERO AS2 Ol 2ets Z2I57| fet FatA2t 0|F HLUSHA|
291Es7| flet EAZ2 A= Lo
#iH#H# 4.1.1. 5t A2 (Optical Engine)
& A2 HAS| il = (Resolution) et 1= O 2+Z8|(SNR)E Z2d5h= 7+ iy 4l 794 24U CH
« JGAE MA (High-Resolution CMOS Sensor): HBM2| 00|32 "I (Micro-bump)Lt TSV(Through
Silicon Via)2| O|MIgt #E(Crack) & ZE(Alignment) &2 AZo17| 2lall Sub-micron &2| s&=E
A5t CMOS HIME AFERLCH [5]. Ol= &= um &l Ze20t ofL|2l LH=0|8 +~F2| & #HEPIIA|
A £ U= 7|8Ho] Ut
HE| W= XH A|AE! (Multi-angle Lighting System): TSt 2D O|0|Z|E &0 3D &4 SIS517|
Q|ol CHFSH mpatt 2t=o| RYEZ =EEHLCH RGB Y 20| UV(AIRIM) 2HS ZEosto] EHO| O|A|
OI%Z (Particle)O|Lt &7+ &2|(Delamination)E AlZ3tstd, Multi-angle LEDE S35 Bump<Ql
O|(Height)2t 7|27 (Tilt) E EAMst= 30 Z2OAYS S;HELICH[1, 5].
#### 412 2H HEE 3l 155 (Motion Control & Stage)
|

| ot OB S A FHO| 23 YLUSHAH A5t7] fIshAM = £H|0|of YTt 20| BHHYLICH

- 23Y Lt AF|0|Z| (Ultra-Precision Nano-Stage): HBMQ| CtEh A= 12 LHO| A O|MIet 2tHE
ol XYZZ L 0(3| M) &2 ZESH CHE H0f A|ARIS L2 ELICH So| 2o ¥H=+0.01 um £&2| Bts
JUTE 712 Lt AH|O|Z]|E E6lf Z0|M| 28 S ZEstH EtAEELIC [5].

o

)
(=]
H

L]
og!
ol

A AHEE 5E

Y

Hr r

=20 o112 o=
o Atz ™ A|AE (Auto-Alignment): ZAF A|ZE A, QO|HLE 7|ZH(Substrate) Are| Fiducial MarkS
QIAIGIO] IO ZHEAIQF AR ZEAZ YA|AF|= HEYLCE Ol= Die-to-Die 2t ZHZ(Alignment)
£ g3Sste 7IE30l guLt [5].

42 A2DEQ0 & A5 AIS: Al 7|2 HIO]E] 4]
SHEQOP7E Sl S YoiEh o] JoidE 0[0[2s ATLEL|0 HES Sdll FoI0ISH ZAF Zak(Pass/Fail) 2
£ Ehet Rule-based HAE 0 ©2i'd(Deep Learning)2 E&% A58 2422

##4## 421 Al B|A L Aot 22 (Al-Driven Defect Classification)
Bt m7|d SE0| DIMStEo| w2t ZAF HOIHEE 7[Slesdl=E S716t0, A0 440 54

L O|2e} A EFE FE6ts HO|=7t 455t USLICH
- gd 78t ASH 27 (Deep Learning-based Classifier): 7|Z2| Rule-based ZAl2
AAZ(Threshold)S HOILIH 25 S22 x{2|510] LA (Over-kil, B4 HES SY2E TYH)E0| =
CHHO0| UASLICH FHel Al 22 Held 12|52 Sdl Void, Bridge(Short), Missing Bump,
I\/lisalignment 2o TRE HAUCZE ZRotH, FHAQl e M HA| 228 desl &Eoto
2(Yield) 2[4t f

b onx
0 oX
rr o

g CRESSEM CRSM-AI-2026
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HAIZPS 2 22[5t7| 2ls EE
o 7= gLCH[7].

2 )
BAPL Z=2E|H A AHE2 A E HO|HE P22 Set4el 2| ZES WdgLth

o
- Defect Map 444d: 90T i 7|TH 440] Of= (04 O 3Ol Zat0| LMIU=7| Al2EHE Defect
Map2 ABELCH 012 S5 2 2 [

A& (Layer)

Sub-micron Resolution,

Data Acquisition &5t ARl (Optical Engine .
aul (©Gp gine) 1 lti-angle UV/RGB
+0.01 ym Precision
Motion Control =8 (Precision Stage . ! Aol Ayl ol 2t A
e ge) Multi-axis (XYZ8) g2 e =
Deep Learning Classifier, Zgt 25 2 A= (Over-kill
Intelligence Al 25 (Al Module) P . ¢ . - ( )
Real-time Processing 82|
i Defect Mapping, Root ag el 2 3y 2|35}
Management =4M/2|L&! (Reportin o
g /el e 9 Cause Analysis HIOlE] A=
H2.
[E3]: Of4+<_HBMAdvancedInspectionSyst_20260509_001.pdf,

2M J2|ACRESSEM 20260509 001 .pdf]

Vision Inspection System Architecture Flow

Optical Precision Al Data .
O .ivi: | @reronino

High-Res N = Deep
ano-StageE ; Defect Map )
CMOS & > HEHXYZS P anates P AN Y ZH 2 Pass/Fail
Multi-angle =<9 sress Ve = < mH LA
e heta$ = 7|8te| A2 2I21(Root e TE
Lighting= o el o 25 Voi == S Z| M= 9l 2T
o = Aol oz Ao ¢ ZgH(Void, Cause) o=A A
S8 =0[M| o]0 cE Ty = Bridge 5) B 2[ZE MY
5__!% —9H [=] 22 ™
g 2.
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ZFM|CH If7| 2 7|& |2 22F (HBM4 & Hybrid Bonding)

B 4+0] HBM3ES 01 6M|tH HBMQ! HBM4Z RIeof w2, 7|3 7|=2 tedt 2E3S goid
T2 dAlg oot AFLCH 5] 7[EL Bump 7(BF HE LAOIM HOILE 22[(Cu)E AY HEdt=
sto|22|= =Y (Hybrid Bonding, Cu-to-Cu) 7|29 =2 FAt 7|29 LIS 22422 BighA7|1
UAGHL = Mg Oﬂﬁi HBM4 H&of e sy 7|z Hotet 12 Qloh dsk= ZAL Olf, 2121 Ofof st S

1. HBM4 Z&to|| 2 7|2 mjj2{Ctel H3}

HBM4=Z9| ZIst= 2& Tho| S7H(12E wWrightarrow 16 014t 20|, HOJE W& £E9| H|oF=
SAS SHZ LT 7|2 HBM3EZF & 9.2Gbps £22| H[0|E A4S A[AFCIH, HBM4A= 1.5TB/s 0|4
CHeZ(Target) g SEH=Z st AU [3 ] ol2iet s s S| flsh 7y Y2l Hat= Base
Die(Logic Die)2| HAEIS}o} 2CI ghAlO] SAIQIL|CT,

: : Z1AH 844) 0l (Inspecti
= HBM3E (32H) HBM4 (XFAICH) b I¥F (Inspection

Challenge)

32 3710 2

HE A2 8t ~ 12 126k~ 16T Ol Warpage (&) £ £ 0]
= [3]
Bump gl= 22| Void Y
=4 g4 TC-NCF / MR-MUF Hybrid Bonding (Cu-to-Cu
cen i o ) A (Alignment) LT [3]
. . o oteee| 34 280 T
Base Die Standard DRAM Customized Logic Die

QUE{H[O] A ZHA} [3]

& AMS HES Qfst
CloJE] & 9.2Gbps+ 1.5TB/s+ (Target) Sl(Signal Integrity) 2!
PI(Power Integrity) [3]

3.

(22 EOAM MEHAAHBMAZXS|E2 A eSS Ci24EF 20260509 001 .pdf]

2. Hybrid Bonding =0j| (tE ZA} O]+ 2 M
7122 TC-NCF(Thermal Compression Non-Conductive Film)Lt MR-MUF(Mass Reflow Molded Underfill)
L

HAIZ OO[A2 HI(Micro-bump)E Oi7iH2 St0 S AZUSUCH {4t HBMAOIA SHAO| &=
stojH2|= 2 (Hybrid Bonding)S HI 310 F2|(Cu) THER} THEE 21 YA 5t Hylote 7= YLICt. Of
A2 HOIL H2|5H= 322 A2 A3 =018 Y210 O0jH S2(/0)2] U= E I0iSte 4+ UA[T,
AL SHHOM = CHE2 22 S HO0|=8 278Ut

243, 20|M| 4 (Sub-micron Alignment) O|#gIL|C},

St0|E2|E 22 Cu-to-Cu P& DjMet RAAS2E 7| AZ LI|LE o 2tet s A5HS Zefight/tt.
THerA 7|29 O0|A=2 HI ¥H HARS G0, G T DIME 22| 225 &0t & U= Sub-microng
SHE=S 721 Est AL A7 B YLE [3].

o 7 2T 1 d

=X, HeE LiF2| 0|M| Z2&H(Void & Particle) Z=fILICt.
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HII} ZAYHA O HE PROIME HETIO) OFF 22 012 (Particle) B ZAYBICIZE Cu THE Zho| st
Hate W C}. Ol2{&t Voids el

2
1& GOy d& Al A= &4 & %*%' ZAHIE
7

o
16CF Olgol et 30| UAFH0| wa2f, S*{2|(Annealing) 2ty & & 2H9| S-Y A4

o

2l to|2
Warpage(§' ?j'é*)r 7I6r§¢142E 57r§.w|cr [1]. Ol Die Bonding Al ¢ 27

aj0|2 QIgt
2 zaystof

og

3. ZHMICH ZAE 7|= O S M=k
HBM4 Al¥2e| =2 &HolY| oAM= 7122 Rule-based ZAF HAIS HOM XMCH £2M4 F=0|

A YL

St (Al-Driven Defect Classification):

SAsHA0| et ZAL GOo[Ee] 0| FZotA ELICh Hest 2% 422 ¢ =

st Z&H(Void, Bridge, Misalignment)2t ZHAZHQl LO|RE AlA|ICZ JESIO]

(Over-ki)ES &l7|d2z U= Al H|H £8M0| sy Z4=40] & AYLICH[3,

E
w |
lw)
|H
Hu
=
e
u
N
w
(@)

- Z06ldE Fet Y 2

Hybrid Bonding®| Cu-to-Cu &S ZUstH £4I5t7| 2/sHf High-Res CMOS SensorE &S st Allzlnt
3D ZzmA2S Soff Die?| & d=& dT SYst= 7|1=0| SS=0{0F &L T [5]. §3l, Sub-micron T2
FUCE B Zst= Ultra-Precision Nano-Stage 7|=0| SI221E|0{0F EHLC} [5].

« KGD(Known Good Die) &

HBM4= & & 20| de 3% dall A8
CEAOf| A 7HE Dieo] #17|Z EA1 2

012 I3t Y5 T2 JIS U EIAE| T &4l

HJ|ﬂJ

111
1
ot
e
<
*®
wv
4
Q
N
=
3
«Q
_|
D
(%]
2
0N
tol
B

A2XoZ HBM4 AlCHe] ZAL 7|&2 thad] 228 2 A'0M Hoju, '20[M| 29| 2AMS E5tn
SHYe =2 AQUS A2 (Root Cause Analysis)et + U&= Asd £FM'22 2stsof gLICt [7, 8].

A2 9 A|A}A (Conclusion & Implications)
B Aol IH2{CIRI0| M5H 2| O|M|St SHAIE =5 517| 9I5t O{ERAE 17| A (Advanced Packaging)2 =

=25 Mol et BAL 7|22 Hatt 23 Y HAE 9ol HEel FA- A=A FYHE Z2Z %= A
QAR BHSIYUSLC 2 BEOMolM 2A%H Hiet 2H0], HBM(High Bandwidth Memory)e| 11T 2 Z35}et
HBM40| A £QI=! sto|Ea|= 28 (Hybrid Bonding) 7|22 ZAt LHO|=2 7|5t242 22 £0|1 Q/o0n], ol
2 U HIY HALE240]| Ofst 2 S22 0[0{2]| 11 JYEFLICH[3, 7]

BA7|&0] NE3t7t NZHAL 2 AQY M BHO|| 0|2 PBH2 CHSa 22 M 7H2] 2 HHO|M Q9kE 4~ IS LICH

4%, +8 4 (Yield Improvement) ¥ H|8 HZQLICH HBMZ Z2 1EII71R| HF
SHLIC| Die(2))0l2F Z&0| LHHE A ACHS T 7|sOf Stz LTHEE & 2 7f2|1 UASLIC [3]. T2tM
Mz A ChA oA KGD(Known Good Die)E 25| SE3t= Pre-stacking TestQt & = dhMst= OjM 2
22k(Misalignment)& AAIZt2 2 ZOIU= 7|&2 LDHAL| 88 WOoIst L A= J7IE HAsh= o 21 ZEUct
[3].
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2]

Bt 4| =3 (Advanced Packaging) S5 2 H|

=4, Cl|ojg] 7|4ke| 2= 22l 2A(Root Cause Analysis)S S5t ﬁD}E & 3|(Smart Factory) & Q!L|C}.
ZEMICH HAF A|ABL2 THe5] Pass/Fail2 T ote A2 G0, Al HIY 22|52 Sof a8 & Uoist 28 ColeE
Mt SEY9l ol ARE %‘ U 58S ZF0{0F gLitt [7, 8]. Ol={8t H|O|E 7[gto| T|=HH

=T Lo 22 FUS AHY22ZMN, A2 S HHIE Assete A0tE

o
23 TetolelS
T30 Y £2

m
LY
lgj

r

0
Il
0

T
k=)
I} o||

J

=3 EE0ILICH Hybrid Bonding®t 26 2pACH 2%t

2350, 0= Sub-micron & HAEE 5l

F 4 Qe GAQIL|CE [3, 5] T2t Al 7|8he] A 23 (Defect
| !

AR, 7= 21U
Bump YAIECH X
AE|0|Z] Ao 7|&S
Classification) 7|&2}
O 27ttt IS

At

A
o Mo
ofm
rok
>
03!

Hir JE

H
U
©Q Hl

o

oX 4o rlo 4y
2o o
oy

N 1o
£

I

ofm

ol

ol

U 4>

oX
=0

A2HoZ At 7|52 { Ol &34l B0l A7t otL2t, ZOIM IH7|2] AlCHe| £t A28
SE5t= ‘82 £352KYield Guardian)' 92 £35S0 USLICH I A(CRESSEM)S 0|3{%t 7|&H
[HOM Al H[H L DM A5 V|22 HIEo 2 NZHALS| ALY 2 STHSSHe MY MIEHEAN O dg2
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