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=
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e M| 22| T, HBM

=== INtroduction

« Memory Paradigm t
« Market Trend Hyper SCa‘Ed Da

HBM (High bandwidth Memory)

- HBM &9

L AL
. HBM History 145, 18, Rl = '=.'_PEI-||
« Fab”/|= & Hardware

mm Advanced Packaging W

.« WLP 7|&

e Future

ULVAC Group | 2023.11.10
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Memory Paradigm

Mobile Server
Memory DRAM -2

: Consumer
PC Mobile Server & Network (TV/Gaming/Automotive)

/ Desktop \ / Smartphone \ / Data Center \ / Set top box TV \

SAMSUNG Saay I

Gaming Device

Work Station
J ._‘ -

Automotive

/\a/

Xt&E SK-Hynix

ULVAC Group | 2023.11.10
3 © 2018 ULVAC, Inc. | Confidential and Proprietary Information UWAC



Memory Paradigm

emory +2 Server DRAM

[ClO|E{ME]] 7| =7t

Al

loT
&
Autonomous
L)

>

Data Al Al ZHreal-time) A 2]

= low latency(X| &1 A|7h

=, HEk™| o] A F), ofOfE
o ITHH|

oln

Al solution
GPU + HBM (server)

‘ Advanced Package

ULVAC

HMAAM 8HA7h2| HIOIHAHE 29

aws
.‘ D > [GPU + HBM(EHIEEI)J

ULVAC Group | 2023.11.10
© 2018 ULVAC, Inc. | Confidential and Proprietary Information
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Memory Paradigm

Server® DRAM S &

DDR5, GDDR, HBM

DRAM A= 22l Sl S8X
DDR LPDDR GDDR HBM
(Double Date Rate) (Low Power DDR) (Graphic DDR) (High Bandwidth Memory)
z 28 E0} \ / S 80} \ v S8E0} N A 280} \
1. Z-138/I8 PC HE 1. ADIEE/E|EE S D HIY 1. 18/ 38 PC 1. M o HESH3I
2. MH| % HES3 2. JAIY /M8 PC HIE 2. M| U HEQ3
3. XEE 3. X8 3. TV L Ao|Y 7|7 Ex
4. TV U 7HHH &
CHE CHE DY of2 7§ ‘#of &2 B A

5

SKhynix

DDR4

ULVAC Group | 2023.11.10

SK hynix
LPDDR4

© 2018 ULVAC, Inc. | Confidential and Proprietary Information

SK hynix
GDDR6

of H&E8® 5+ A= Ho[Ee] &
go2e tYF)S 34 58

oE
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Memory Paradigm

N
Al'g' DRAM -5% . GDDR(Graphic DDR), HBM (High Bandwidth Memory)

Common Memory Systems for Al Applications

On-Chip Memory HBM

30 Memory(HBM)  gjcan die
= PEG Substrate

Base die

— n-chip
memory
Microsoft Graphcore AMD Radeon nVidia nVidia GeForce AMD
BrainWave IPU RX Vega 56 Tesla V100 RTX 2080Ti Radeon RX580

Highest Bandwidth and Very High Bandwidth Good tradeoff between bandwidth,
Power Efficiency and Density power efficiency, cost, and reliability

Multiple options suited to different needs

ULVAC Group | 2023.11.10
© 2018 ULVAC, Inc. | Confidential and Proprietary Information UWAC



Memory Paradigm

Data Center = 2/EHUIGOIEME(IDC, Internet Data Center), 22+ | O E{ Al

‘Slo| ] 2 A Y (HyperScale)’ & G| O] E{ M E
Ho| . GB & 2Bhs00m 20| TFEO0f A| 4 10T+ O] ALO] A{H{ 2 ZHE O O] E{ M
-20213 ~700 > 20233 ~9007{,

X A B2 Fj b L
K| 2| T K| (PU) L Z(RAM), AE 2| XI2} 0| S AHI7H BAE QiR Kgl 23
5HLto] 7| SI(2, Rack)Ofl AME{S 2 0= 74

“Goegle datacenter =

Ml

T

R mmuml."*.'"""” ”

(Storage)
M EFRFK|

ULVAC Group | 2023.11.10
© 2018 ULVAC, Inc. | Confidential and Proprietary Information UWAC



HBM Ao

HBM
- High Bandwidth Memory
HBM= DRAM &S HE|2H#SHI(TSV) 7|&= M8 +H2=E &0}

HOIH NME| S5 =2 H22| gEH =,
Al At= 2ot e =X 2 Z X (GPu)of X

0| 2 2| (DRAM) 2} A 2| & X|(cpu, GPU &) Zt0]|
GiO|E 7} 21 7= S E(BUS)2| [FH(bandwidth)] = 5 &

- Bandwidth : Z2M|A 7} &2|= AH|O|E
H 2|0 M CIO|E{ S AL HIO|E & MEE & A S

= T
7|E DHELCHH B2 HIO|E ME SZ(1/0)S =&
- TSV (Through Silicon Via, & 2|2 Z& M) HjMo| Cjjo|E| {IER &

ULVAC Group | 2023.11.10
8 © 2018 ULVAC, Inc. | Confidential and Proprietary Information UWAC



- HBM E2

HBM & GPU (Al 7I=57|) &
- High Bandwidth Memory 11 C{%= pjos) 2 E goa)

- 8lg SZHAEE I 85 31IE 21kl
- SIS0 2RE S +X| Ak Z210kE!

CPU(®4h GPU(g4h

Vs.
+H7ho| A0
EEEN,

- SIS0l AKSE QIBAIHDNAILE) Qi " SKehynix X2
- S0l AI2E! CIOIE (Bi4-5) 245

- HAS0IE S22t « HiX] - OFRAIZIO) SH& CIO

0>

i

_;IS . Lo o ||AEIX-”E_E_X-”§_IILE-6OH‘?'

ULVAC Group | 2023.11.10
9 © 2018 ULVAC, Inc. | Confidential and Proprietary Information UWAC



HBM ™ 9]

HBM Application, GPU

Through-Silicon Vias
1024 1/0 (TSV) AERRARNE

Hybrid bonding

llllllllll

, EEXERES
Logic Base Die

.............

Advanced substrate Polymer RDL/
Si interposer

ULVAC Grou |
© 2018 ULVAC, Inc. | Confidential and Proprietary Information

10
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HBM ™ 9]

% (1): High Bandwidth
- HBM2 A BB = SFLEE 1024-bit2| Of|O|E &= 0] 7}0(T5V7|§)
_7|Z GDDR5 M| 22| 250| 8FLEEH 32-bit /2 3 (wire bonding)S EHE}

Substrate

GDDRS Per Package HBM
32-bit Bus Width 1024-bit
Up to 1750MHz (7GBy Clock Speed to 500MHz (1GBps)

Up to 28GB/s per chip Bandwidth >100GB/s per stack
XtZ: AMD

! Voltage ;
1 TU
© 2018 ULVAC, Inc. | Confidential and Proprietary Information UL‘AC
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HBM ™ 9]

% (1): High Bandwidth

Samsung HBM Memory Generations

compare

HBM3E HBM3 HBMZ2E HBM?2 4Hi-HBM1 A GDDR5
(Shinebolt) (Icebolt) (Flashbolt) (Aquabolt) (SK-Hynix) (SK-Hynix)
Max Capacity 36GB 24 GB 16 GB 8 GB 1GB
Max Bandwidth
1.0 Gb 8.0Gb
Per Pin (Speed) 9.8 Gb/s 6.4 Gb/s 3.6 Gb/s 2.0 Gb/s /s /s
Number of DRAM
12 12 8 8 4
ICs per Stack
Effective Bus . :
1024- 1024-bit 32
Width (1/0) 024-bit |
Voltage ? 11V 12V 12V 1.2V 1.5V
Ba“d;"t’;if(h Per  1.225TB/s 819.2GB/s 460.8 GB/s 256 GB/s 128 GB/s 32 GB/s
4 s

ULVAC Group | 2023.11.10
© 2018 ULVAC, Inc. | Confidential and Proprietary Information

D1a (14nm) node.

[
D1z (16nm) node.

ULVAC




HBM ™ 9]

HE2): 151 a5 2L}

13

TOTAL POWER

GDDR5 M| 2 2|: 25 &}LIE 32-bit ¢ &2 (Pingd) e

GPU 2O K| 22| HAEZ O e Z[2 47l (128-bit), 87H(256-bit), 167H(512-bit) Z= E X

RE0CH1.5v MY 29,

HBM: 2Bl D SCE 1024-bit Y& 715, AEH D5 47|
Mot q3vE He.

T'f*f HBM vs GDDR5:
Better bandwidth per watt’

o 3

=Memory Power  =—PCPower  =GPU Performance 0 10 20 30 40
* AMD Intemal esumanes, Tor IUSTraTve purpoases onty CB/s of Bandwidth Per Watt

PERFORMANCE

ULVAC Group | 2023.11.10

© 2018 ULVAC, Inc. | Confidential and Proprietary Information

4096-bit

oD%
o

GPU |

o e

AE] 127 GDDRB2 2

50




HBM ™ 9]

"HBM3 12-Hi stack” @SK-Hynix

("Hi"= "High"2| =20, HBM A B 9| & 0| EE= 20| 0] )

2GB D™ X 12 & = 24GB
TSV (2| E#ET) - 102470

ojoj3 2 ¥WE 3=
(ARER Qe HE)

T 218
(Cu Pillan)

#o% U9

HBM3 : 1/0 4 102474
170 2|t HE 55 XY 6.4Gb

‘Y S Al

6.4(% %) X 0.125(Gb->GB) X 1024(1/0)
=819.2GB/s

AN

GPU/CPU/Sex Die
R S

. . ’ _ ’ ’ . . _ . . : ’ ) _
B B O E Ol O N NN D .

Package Substrate

ULVAC Group | 2023.11.10
14 © 2018 ULVAC, Inc. | Confidential and Proprietary Information UL‘AC



HBM Application
HBM S&

7t 2}, 2|0 S A T O] B X2

al] o _ o =
A X[ QY S5 S ALt

O|AFZAE (Al Inference)

A 30 BT El Al HlO|
= A X 2| 8hof AA|Zho 2
X230}

CHEFS| HIO|E & X E|otd &4
== HHALE. HH0IH Ay 2S HIEZEE

ULVAC Group | 2023.11.10
© 2018 ULVAC, Inc. | Confidential and Proprietary Information
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21:%

1ds HOlH M2|lsH

(c14V)) :

CH 22| G| O| B & X 2|3l OF St= Al &+
ChatGPTRl Z2 MM AIE 7Y
S &ot 2 8 gt& (Machine learning)

=2 [JHZO =2 cpu U gpU 7H2| G|O|E O| =& = A|
Mg Ao, DE o5 A|7H2 B 8l s

ULVAC



HBM History

HBM 7l & /24t History 8% Hlo|Ef 7 > F0f C}0|(Core Die) 8% =T}
> HET /=0 2P UY AA
2013 2019 2021 2023 2024 2026
MA ZE|Z= HBM1(w/ TSV) 3MICHHBM2E 4MICHHBM3 4AM|CHHBM3 12Et SMEHHBM3E@BTH  6AM|CHHBMA4
SK-Hynix & AMD 2017 (2022 Y Lt@NVidia) 74 et QF AL I
3k" EH HBM2 MR(Mass Reflow) & ‘&1t
MUF 23 S X8l 7H &
2015 2020 2023 2023 2025
= 2N CiHBMP 3N CHHBM2E AMICHHBM3 SMICHHBM3P  6A|CHHBMA4
HBN&‘ Samsung
| S - N4y Sa—
TCB (therma comprésio bon s

~ MR-MUF,
. ~Hybrid Bonding

ass Reﬂow)-MUF(Molded Under—FiH)

2018 GPT.-%O] 9 GPT N > PEr \ :: 1
) Hybrid

ULVAC Group | 2023.11.10
16 © 2018 ULVAC, Inc. | Confidential and Proprietary Information UL‘AC



HBM XN|&F Fab 7|=

Bonding 7| = History

DIE BONDING PROCESS EVOLUTION

_ Wire Bond (1975) Flip Chip (1995) TCB Bonding (2012) HD Fan Out (2015) Hybrid Bonding (2018)
~ Pt o ———— ) Hex compresson force T = .

Architecture

—
- - - -

- SRR BT R A e
OO0 U0 L) R
< Hybrid bonding
Contact Type —
- -
i
Copper pillar RDL or copper pillar Copper-to-copper
Contact Density
$3ss333ss 2eeves
ettt ‘
L ...z
- e
::i%g::zi
- .ee
-we 3
32 SEES
5-10/mm?2 25-400/mm? 156-625/mm? 500+/mm?2 10K-1IMM/mm?

m Organic/leadframe Organic/leadframe Organic/Silicon None None
20-10pm 10-5pm 5-1pym 5-1uym 0.5-0.17ym
10p)/bit 0.5p)/bit 0.1p)/bit 0.5p)/bit <.05p}/bit

ULVAC Group | 2023.11.10
17 © 2018 ULVAC, Inc. | Confidential and Proprietary Information UWAC



HBM M| &F Fab 7| =

Bonding %% - MR: Z2/£0| Z1H|0|0l HE =
RILZIBIN 28, T2 2y,

II-Jé-II _/.\_Ejl. HHl_E

C

~—

o

" Mass Reflow (MR) (EHE) Oro| 3= Hzoll £X %t
- Chip Attach - Reflow - MR-MUF: SKo}0|'=I¢ HBM2EF E| HE (M A Z|ZESH)
SpepEpe S— olef A2 Bl ZRLE B o Mo BY 2
ax o Dippng S Ar0| = 2Rz (HaZh o ZA)Z
SAOf A= A
" Thermal Compression Bonding (TCB) - TCEH:él: %ﬂﬁ I:%F%:%r glgﬁ}% %{49_
. Flux Thermc-Compression HIOIANE S EH 52 A8
T U L 2= U il = MBS o= 7|28 .
R prinkig W 2) NCPE &87% TC-NCP 3
- TC-NCP 2%: NCP (Non-Conductive Paste) 22 TC2 2l
TCNCP ,'flcp Thermo-Compressicn NCP'— S XI-X-”Q'- %ICZDIQ:IICéI-; 'c')'l. _JIK_XH
D [0 S NCPE BIX| 5ot glif 4=ig Jotel 2 &

NCP= PasteEfE'—l A "e* | o2

NCP Dispensing

- TC-NCF 2%: NCPE NCF (Film) Z 2 HE| 2 H}3of
A2 (Samsung &4
ULVAC

18 ULVAC Group | 2023.11.10
© 2018 ULVAC, Inc. | Confidential and Proprietary Information



HBM |2t Fab 7|=

Next Level Tech.

ofo|HE|E E T (Hybrid bonding): #= gio] X1} &g HAtstn Co|H E2E2
=HE2 HZE5t= 1 E3tE 28 7=

ST o

DIELECTRC

’-“ﬁ’-‘ixfgl 0ol 7 = N Die to Wafer Hybird Bonding, D2W & J
g B - Now, Scaling,

’!ﬂ p2w 310| B3| £ 20| 10um A S HZ
.| - 1| X| (Interconnect Pitch) O| S}0j| A| 2um I| X| 77} X

ULVAC

ULVAC Group | 2023.17°10
© 2018 ULVAC, Inc. | Confidential and Proprietary Information
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HBM M| &F Fab 7| =

HCB : Hybrid Cu Bonding “—

COPPER PILLAR DBI Ultra

INTERCONNECT TECHNOLOGY 100,000 TO 1,000,000

Only 625 interconnects / mm?2 interconnects / mm2

Challenges

* Cu pad surface control

*» Particle, cleanliness involved void

* Pad alignment accuracy

* Bonding temperature

* Metrology/inspection

* Integrated bonding/assembly system

COPPER PILLAR .
INTERCONNECT TECHNOLOGY DBI Ultra

8 HIGH 16 HIGH

ULVAC Group | 2023.11.10
20 © 2018 ULVAC, Inc. | Confidential and Proprietary Information UWAC



N
—

HBM M| & Fab 7|=
HCB@HBM : Hybrid Cu Bonding .

HBM Stack
(4,8, 12 or 16-high)

SoC Applications

DBI Ultra Accuracy ~250 nm
Interconnect & g
(for <4 um pitch)

1EHA . A 20f| A Si02-Si02 Z2AM (Cu ﬁef el fnked))
2THA| : 150~300C batch annealing > Cu-Cu 2%

Logic (CPU, GPU,

FPGA or SoC )

Silicon
Interposer

DBI Ultra
Interconnect

Chemical , ; TR o
- Mechanical Polishing Diced Wafer Die Activation 5 -
) Tape Frame & WS s
= Metal - Z
< s < I
< o ‘;‘ : <
g F‘l-m S —
a Metal Silicon U ‘ I
w Bond Pad  Wafer Plasma g : O
fa) = ‘ - = Interconnect
DIE SURFACE O | @
WAFER 1 CMP DICING & CLEANING PREPARATION : , ] sl
| | e P)Z Flip, Align &Bond : (P )X
. WAFER 2 CMP CLEANING PREPARATION W ®— : |g
= et v W
& Metal o o - s - 3
s : -
= 3 > F > ’ z
" Eannn & 3
- Metal Silicon = 9
4 Plasma = —
- Bond Pad  Wafer pomical o O Repeat :----
§ Mechanical Polishing Wafer Wafer Activation 8

WC



HBM XM &t Fab 7| =
HBM RDL(Redistribution Layer X HH 4)

I:{Dl_2 A|E| XI:I OlO'" ol = al EE 0:17:| erUBM Contact Pad Passwabon

— = AN
PCB(Printed Circuit Board)2| M2 &= &HZ —'?'-9 ﬂ Stepper
ME &A7|= 9.
Photosensitive polyi lde(Pl) Cl_J
25 I £ 2 WK (Edge) 2 MH Bt B - e
> FEHZ 0| chip HB 7Hs

& Etch TiCu

Polymer E—
= ="°"'"" Strip Resist

PCBE =& &0/ ot 02| RDL SO

Stepper
e _——— Dl

iCu
#(Chip) .}-
THE: Ccu =D —_—

Sputter
QaxY HE Rt 22 Mz =g me E TiCu
(Original pad) (Redistribtution trace) (New bonding pad)

. :
HHHI H { HI ﬂ Photoresiszl

Polymer UBM Contact Pad Passivation

WHH L IHHMHHHH

© 2018 ULVAC, Inc. | Confidential and Proprietary Information FOWIP ‘Vith con‘,entional [TBI\I/Cll'l)ad fOl' SOldel. ball

Fig. 14 Key process steps in fabricating the RDLs of
22



~ HBM H|% Fab 7|=
HBM Cu-UBM & Bump

Cu-&C ™I X = Cu Post = Cu Pillar7f Reflow 578 A| =X| 40t O M| X| HE A HEEILCH
Solder Bump & Cu-pillar Bump

Fine pitch

Burnp
pitch

Solder Bump Cu Pillar Bump TN

' sn/Ag |

__n
—

colder burnp Cugillar burmp

- SnPb C4 Bump Pb-Free C4 Bump AL CupisFillars:
UBM \ / Pb-free Cap Pb-free Cap
Die Passivation
i @ nA
Die Pad (Al) Die Structure -Cu ?.: ’
L]

Cu Post

Die Passivation

Die Pad

Diameter 75 -200 um 75 -150 ym 50 - 100 pm 10-30 pm

old
> Technology >> Current Technology

ULVAC Group | 2023.11.10
© 2018 ULVAC, Inc. | Confidential and Proprietary Information
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HBM HM|%f Fab 7|=
HBM RDL (*{t{41) : Al-RDL, Cu-UBM & Bump

M3’ (AI-RDL) \, £37% (Cu-RDL) UBM Etching

PR-1 Litho
, 1
Wafer Incoming and Clean | b
Cu/Ni/Sh-Ag (Cu/Sn-Ag) plating for CPB |

Al-RDL ‘ Bump  Reflow

‘ 1
Pl-1 Litho r— ‘ & “ .’

i 5

PR Strip
Cu-UBM ¥ _ -
Ti/ Cu Sputtering (UBM) L ‘
—_— Em,  qmms

uLv
©2

24



HBM M| &F Fab 7| =

TSV(Through-Si Via, & 2|2 23 =) Process

- 9}0|(}§ X E7E='0|-'— ro|o.| EE'(WiI‘e bonding) [Hj(.” Micro-Bump/Pillar
- Hoj OjMI3 Y (via)S HOf AT A} oiTH HS Moz

H= L_ 1
A ASH= 17| A (packaging) 7|& (backside CMP 7|=)
- HE MSTE, D& HHEH 7

Incoming Wafer TSV Etch CVD Liner PVD Barrierand | TSV CuPlating  Excess Cu
Seed Polishing

Silicon

Through-Silicon Via

oL ULVAC Group | 2023.11.10
© 2018 ULVAC, Inc. | Confidential and Proprietary Information




HBM |2t Fab 7|=

TSV(Through-Si Via, & 2|2 £

- Chip EE= Si interposer0]| Via Hole &

Oxide liner & BM EP-Cu & anneal

Jation
ECVD $iO,

D BMseed

(N)
ed Cu

Y

v

(@)
G
=
ilit)
o
|
O
| .
-+
O
o
Ll

ULVAC Group | 2023.11.10

26

E M) Process
,Metal 2 & Cu M7|EZ2 2 Via-Fill 7|&
SCALING ROADMAP TSV Pitch = 2 x diameter (um)
10 I 0.1
100 TSV Middle TSV after W2W Bonding

e o 3 -]
1 g
PRI 16| \
% &é ; uTSV
c o o %
- = ' T
(&) o
;E h

. W= - :
- |
L
o
7 ﬁ o
1
0.1 “”‘i
|E+03 | E+04 | E+05 | E+06 | E+07 | E+08
3D Interconnect density | NGU
ULVAC

© 2018 ULVAC, Inc. | Confidential and Proprietary Information



HBM XN|&F Fab 7|=

HBM Chip Stacking Procedure

(Vv I v T

{a) Siicon etch (b) TSV Cu fill (©) TSV Cu CMP (d) BEOL metallization
(with aluminum pad opening)

iaaniaunll----F=--

(e) Front side bump formation () Wafer solder reflow (Q) Temporary carrier bonding (h) TSV exposure

& Back side passivation

27 (i) Passivation CMP () Back side bump formation (k) Carrier wafer debonding (I} Chip stacking & PKG ANC
& TSV Cu exposure & Thin wafer mounting on tape assembly with overmold




HBM XN|&F Fab 7|=

28

X3 7|= HH| 1tem

Wafer0f| chip & %A,
Chip ™Ml SfA|(TSV back grinding)..
Hioto| ZHE 23
o YSLX| 2 TSve| Hi S
Chip $i/0t2| Ui € H|CHHE > C4 bump HIY F &

Warpage

23’d7|=(<200°C)

PID, Photo imageable dielectric

Vacuum chuck(hole)

ESC
Wafer handling vacuum chuck

Vacuum Pump

Vacuum Recovery

ULVAC Group | 2023.11.10 ULVAC
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Advanced Packaging
Advanced Packaging O| Zt?

7| A M| HZE =, Ol 7| & QIE{ZH 9l M(Interconnection) 7| &, &1 2 Il 7| Aot= EH BIH
-AFET|= A2 38 M=(ToV), EgX], QIHEZ X
0| F & (Heterogeneous Integration) 5, A|AH HPEXﬂQr HZ2 HEHE 223 H D M £

Advanced Packaging (BE 3D) " Chip Stacking (FE 3D)

TSMC-SoIlC™

(Chip First) (Chip Last)

DRAM Package

— T b BSOT5 o

2 n rrIirTrrii1i1inl
.
—D_Tﬂt-‘ Substrate

Logic 2
FYIIXIX.

Substrate

InFO: Integrated Fan-Out

CoWoS: Chip on Wafer on Substrate SolC: System on Integrated Chips

bri TSMC At &
ULVAC Group | 2023.11.10 TSMC 3D Fabric
29 © 2018 ULVAC, Inc. | Confidential and Proprietary Information UL‘AC



Advanced Packaging

® Fan Out Wafer Level Package(FOWLP)
WLPE wafer0i &% Chlpé AMESHE 7|& > package FH/R Il 24
7|80 22 0f7i A 8ol E0 = (¥=H HAH= & ®I0 H2 20 o 7| &5t= A
Packaging H7tEH,
O|F &t +=H AZO| 7ts > D HSHME &= (ex. HBM + GPU / CPU B Z)
HHE A D dsst 2 UE24(1/0) B R &7t > Fan-Out(FO) + R{HH{A(RDL)

RDL-Afirst method Chip-first method

WB-BGA
Formation of RDL Dice mounted on -
on Si support wafer metal-carmier
Z Ru L L ) é E
( L 3 ) &
o' LA b . -
D
Die-to-wafer (D2W) bonding Water molding Resn
(b) a8 / camer removal et

ey W e e— —

~

epoxy
—— o - "Far—0ut” WLP
OCO0 o e, TN | ¢
e | Bk T i
Fan-in WLP Fan-Out WLP y N \ Singuiation \
T(Fan)2 &l A7|E 2|0 Ry g gy (80044, gatand facacs

Fan-out WLP & &
ULVAC Group | 2023.11.10 X - - Im (=) A1 x4
30 J (2h) Fan-in vs Fan-out WLP H|1I / (¥) FOWLP XM =37 ULVAC

© 2018 ULVAC, Inc. | Confidential and Proprietary Information



Advanced Packaging

® Si Interposer2| T
- Buffer(QH7HA]) : 1Ic2t PCBE A Z, O|F chip AbO[of| AF1=|0q RHHHM 2! buffer 238t
(ce| THAF =2t pcel| THAF =T} 208 M)
- Fine Pitch Si Substrate : CF=9| chip2 integration St=O| AF& E|= silicon substrate
-2o[Z QHEME SO HEEE =0 7, S cu-eaE BES 2 V|EHup Mo 5 S

& Fine-pitch (80um) micro bumps

Front-side
BEOL

Back-side
RDL
—A

<€—— Bumps or Copper pillars
(100-200um pitch)

ULVAC Group | 2023.11.10 - UBM (under Bump Metallurgy) - ILD (Inter Layer Dielectric, SiO2 or Si3N4 or polymer...) U I V C

31 -
© 2018 ULVAC, Inc. | Confidential and Pro - Metal (Al or AISiCu or Cu or W) - Dielectric passivation (Polyimide, BCB, PBO, epoxy, ALX)



Advanced Packaging

Samsung’s advanced packaging Options
- 25D, 3D Next Roadmap

%

ESTR=DIud
Schematic - e A EE
& i

_____ - - e N D £ -
- Hoaa ) N p A ‘f . [N — A 3 e M & { ~ ] f;

Figure 1: Samsung's packaging portfolio. (Source: Samsung TSP)

ULVAC Group | 2023.11.10
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Future @Advanced Packaging

Advanced Package Roadmap

(Foundry @1EDM2021 Samsung Keynote) /0 Signal Density
1% of VO/mend)
= 2 & (Flip Chip): Chip= FI &0 20|= 378
=12|E0{ 3 0|(Ball Grid Array): solder Ball 24X}t & 2.5D +3D
FC-BGA: Flip Chip-Ball Grid Array 25D
PoP: Package on package
3D SiP: 3D System-in-Package HPC/Server
C4: controlled collapse chip connection / Bump 2.5D+3D
w | HPC/Server
mrr B o
s::‘.’.?::“ ACtive InUMDOLe ¢
TSV & Bumpless
HAM » Ohviplet
30 slp * ACUVE Interposer
HPC/Server
TSV and bump /Mobile
Buffec » Cote

Mother Board
ooRe RN | soomcar ek
' TSV, Si and Bump
MEM « Chighet
PoP
FC-BGA B -
2000 2005 2010 2015 2020 2025 2030
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Bonding

Bump-less
(250730)
= um

Cu to Cu
Hybrid Bonding

Mﬂ_

Source: SAFE2020, samsung

ULVAC



Future @Advanced Packaging

Next Fine Pitch RDL(Redistribution Layer, X Hlj )

“Semi-Additive” RDL

2 = |.6 um Line/Space

34

2 um Line/Space

|
|

“ Polymer “Damascene” RDL

2= | pm = 0.5um Line/Space

s

oo O Uy OO OET

o = =on

Ilum Line/Space

I

* Flat surface on every layer
* Small pitch on all layers
* Land-less vias < 3uym @
* Improved fan-in/out wiring

Dual Damascene MI/VI/M2 Cu

-9

ITFwoe &
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