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The names of company or products or services, etc. on this document are the
trademarks or registered trademarks of their respective companies.

Although "TM" and "®" may not be specified in this document, it is prohibited by the
Trademark Law, etc. to use them without the permission of each rignt holder.
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[BREE]
BSC: Back Side Contact

Sca I i ng X 3 D integ ratio n BSPDN: Back Side Power Delivery Network

HBM: High Bandwidth Memory
VCT: Vertical Channel Transistor

TINARAT=F T F v —DEICHW. THHHME+IES) NSROERELSD
r )

AaCD T I\EE
=24 18

*
| Wafer2

Wafer 1
Hh S
Wafer 2 "
\_ Y,

Source: intel, VLS| 2023 i
Source: IBM, VLSI2025

CY2031

CY2018 CY2027 CY2029

CY2026

Source: YMTC, FMS 2018

Source: M. Kobrinsky IEDM 2024 Source: Samsung, VLSI 2023
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Logic DRAM NAND

o ~SVIAIBEXE (FF>NS—CFET) o XEVEIBEEE (6F2—4F2) BEHEHRDAEI IS
o MMSICESEEEHRA (A16LIE) ® CMOS/XEYEIEE (4F2) BERE (itHi5E)

o MBICLBNFIVIATAAL (SCFET) FEEXL AWLCEA (5xx~)

Peri-CMOSADHKMGE A (6xx~)

FF Nanosheet sCFET 6F2 AF2(VCT) CNA CUA CBA CBMA
Gen. X Gen. X+2  Gen.X+5 Gen. X Gen. X+3 Gen. X Gen. X+2
Gen. X+1 Gen. X+5
(E&EE] (E&EE] (E&EE]
FF: FinFET VCT: Vertical Channel Transistor CNA: CMOS Near to Array
NS: Nanosheet CUA: CMOS Under Array
sCFET: sequential Complementary Field-Effect Transistor CBA: CMOS Bonded to Array
*3D-DRAMIZFEERS CBMA: CMOS Bonded to Multi-Array
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HSE LEFERBD A X —V: Logic

Logic

FF Nanosheet  sCFET
Gen. X Gen. X+2 Gen. X+5

(B&&E]
FF: FinFET
sCFET: sequential Complementary Field-Effect Transistor
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WHT ELREHZDA XA —Y: DRAM

DRAM

6F2 AF2(VCT)
Gen. X Gen. X+3

(B&EE]
VCT: Vertical Channel Transistor

*3D-DRAMIFEEH

SCREEN SCREEN Semiconductor Solutions Co., Ltd.
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WHT EREHZDA X —U: NAND

NVANNID)

CNA CUA (@27A\ CBMA
Gen. X Gen. X+1 Gen.X+2 Gen.X+5

(B&EE]

CNA: CMOS Near to Array

CUA: CMOS Under Array

CBA: CMOS Bonded to Array

CBMA: CMOS Bonded to Multi-Array

SCREEN SCREEN Semiconductor Solutions Co., Ltd.
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Logic roadmap

[BEEE]

BSPDN: Back Side Power Delivery Network
CAR: Chemical Amplifier Resist

CFET: Complementary Field Effect Transistor
MOR: Metal Oxide Resist

cYy 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

HVM Gen. N3 N2 A16/A14 A10 A7
Scaled Extended

Transistor "I ﬁ
EUV NA=0.33 NA=0.33, NA=0.55 NA=0.55
Resist CAR CAR CAR, MOR CAR, MOR CAR, MOR
Metal pitch[nm] 23nm 22nm 21nm 18nm 17nm
Minimum defect 11.5nm 11nm 10.5nm 9nm 8.5nm

Back-side interconnect

Back-side interconnect

o Fadalanl

Power . Signal
..........
m = TIF.To20 aa
BSPDN F NanoSheet CFET
Signal | | HE I
....... m=ir

LN Power

Source : imec, ITF JAPAN 2024 Source : imec, ITF JAPAN 2024 Source : imec, ITF JAPAN 2024
SCREEN SCREEN Semiconductor Solutions Co., Ltd.
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DRAM roadmap

(B&RE

BCAT: Buried Channel Array Transistor
CAR: Chemical Amplifier Resist

CBA: CMOS Bonded to Array

CNA: CMOS Near to Array

HKMG: High-k Metal Gate

MOR: Metal Oxide Resist

(B&RE]
VCT: Vertical Channel Transistor
VS-CAT: Vertically Stacked Cell Array Transistor

CYy 2026 2027 2028 2029 2030 2031 2032 2033
Gen. (1.5year/cycle) D1D DOA DOB DOC or 3D DOD or 3D
Cell layout 6F2 4F2 4F2 4F2 or 3D
s veT
BCAT O

Capacitor ; :::‘:: ‘ I '

Bit Line " B 31

Word Line e &r E

Source : Samsung, IMW2024 Source : Samsung, IMW2024 Solurcer SamsunW2024
CMOS layout CNA CNA CNA CCBel,lA CBA CBA CBA
EUV NA=0.33 NA=0.33, NA=0.55(for Planar) , No process(for 3D-DRAM)
EUV resist CAR/MOR CAR/MOR CAR/MOR CAR/MOR CAR/MOR CAR/MOR CAR/MOR
HKMG(Gate First) HKMG(Gate First) HKMG(Gate First) :EEAE? FinFET FinFET FinFET
Peri-CMQOS
SCREEN

SCREEN Semiconductor Solutions Co., Ltd.
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(B&EE] (B EE]

CBA : CMOS Bonded to Array HKMG : High-k Metal Gate
CUA : CMOS Under Array VC : Vertical contact
NAN D roa d ma p eWLC : exponential Word Line Contact
HCF : Horizontal Channel Flash
2024 2025 2026 2027 2028 2029 2030 2031 2032 2033
Layer 2yy/3xx L dxx L 6xx L 8xx L 10xx L
Alternative memory structure Alternative memory scheme

]
Y
)
3
°
c
~

é" v Si compatible o
St ru Ct ure . E i ;zziliicgl;:)crvt:;;w;l;;;tghm film
Cell string L} S Channel-All-Around (CAA
2 v G-S/D overlap
= Reduced parasitic resistance
+ Efficient polarization switching
y .. - High Al,,
Source: Kioxia Source: Kioxia, IEDM2024 Source: Kioxia, VLSI2023
CUA/ CBA CBA CBA CBA CBA
' (e
Stack image ' cell Ee:: Cell
ell €
' Eell cell | ©OF Cell Cell
VC eWLC & F eWLC eWLC
WLC |
PolySi HKMG (Gate Last) HKMG (Gate Last) HKMG (Gate Last)
CMOS ‘ I
Dielectric Dislostric
Sisub. Sisub.
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S DDRAM - NAND®D 7Ot RE(LICIE X 2 HE TRl

o« YHS0OEDHEERLEH Vv NI VvFUTICHIFTBERE - 8E - 7OR/ JII\OExER
c R T —XATORLWTEHhE, EEJ T —XTOFA—1 VYIRS

SEiEH JO€RA7Z 75—y 3y
® WIEFEEY T 7 No.1
® Logic DAL I K
@ FEEERDSEFXDM EICER

s LT

® HF/APM/HPM7: & (EICKRENEEL)
v BIYEE (BUE) - B5% (RS>0 - i)

® SPM (EICHEEY) - X T —KARE)
v LIYZNBRE
v 1%555% (RS54 - CMP)

@ Uty NITYyF VI (EICIIHERE)

S V XTIV F
o - TN - AHEHNI v BALBTYF
® BHIEIHDEIN - FBF]AEREE v SiZyF

@ DDI*ICKDT7LFYV T AERASILEE

*DDI : Dynamic Direct Injection
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(B&EE]
HKMG: High-k Metal Gate

HKMGEAIC K PHRERFEEDSED
C. ER{IE&IEEHBENEKRE UL TCMOSICHKMGEA 2 Tl

- Al ZE=IC

s MELSHTEENCNEITULICEZS
2007 FE ICHKMGE A .

INYF - MELLERNZE DD

2005 2010 2015 2020 2025 2030
80%
| Logic 32nm |
m \. —e-Batch(%)
— =8-Single-Wafer(%)

nm
Loglc 28nm peripheral peripheral
‘_I"K u ‘_lﬂk O% Q
Si sub. Si sub. ,\0\0\ Q q/
Source: Gartner|&#R% 7o(CHtEHER

TBEAAVICED T /\EDBERFGLE - SEICWEEREDEH
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2025F9H24H7L XU Y —X: IBMtt & DHFEFRFE "High NA EUVEED 7 /E B i B 5

Ehs

IBM ¥EFEH XTIV ER—Iv— (GM)
HFINATIVYR - IOFZORVY—F KA1 RATL
7Yk (VP) Mukesh Khare &=+

SCREENt=XY% 95—V Ya1—>3>X
ARIGER TRNITRE BAF B2
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AENYM - 7 ILINZ —THRITimDFEMRIFE
Mk %8 =9 Z2NYCR (Z2—3—7 - 27U
T1Y) EEHEL. FALDmE:R "Albany
NanoTech Complex; PICiFFTRRARENL S %
HiE. NYCRAHHR T 2&#7 U —>IL—LA
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NYCRD 1 > 7 Z%2FRAUEHIS, SCREEN
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NAND eWLC* 7O X IC K BDHESPMOEZEIEN Ny FHSDBEZHZR)

(B&EE]
eWLC: exponential WL Contact

® HEFX 7Ot A(w/ staircase)

Photo Resist . Litho
I . ‘ ] I ‘ I: Et.c h x N Repeat
(] ['] Trim
I - - ,
I S B E—— WET (PR strip)
... B B = w
Etch Trim Etch atc
® eWLC process (w/o staircase) *Techinsightst&#% jtic it TitE
Photo Resist # of Etch Etched layer Litho <« XNRepeat
. Etch
[ WET (PR strip)  —
I
I mg e w/ reclaim
] -
BESNhSRE
e ® Selectivity for stacking material
o ® PR removal
® SPM chemical reduction
® SPM drain cost

RETZ7 7Y RYRAITTES TSLRENEDNEIHESNEZ S
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The names of company or products or services, etc. on this document are the
trademarks or registered trademarks of their respective companies.

Although "TM" and "®" may not be specified in this document, it is prohibited by the
Trademark Law, etc. to use them without the permission of each right holder.
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Microprocessor performance (FLOPS) Mfg Cost (¢ per Million Transistors)

107
Transistors (k)

Single thread @Y‘OLE

Group

108

performance

10%

Frequency (MHz)

104

N\

:

10°
/ Typical power (W) .

102 e
/Numberoch

10! /
180nm 90nm 45nm 28nm 14nm 7nm 35A 90nm 45nm 28nm 14nm 7nm 35A 18A
2002 2006 2010 2014 2018 2022 2006 2010 2014 2018 2022 2026

Data from High-End Performance Packaging 2025 report — Yole Group
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2.xD / 3D Packaging Market Forecast, $Bn
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0
25F 26F 27F 28F 29F 30F

m2xD m3D

Data from Advanced Packaging Market Monitor, Q2 2025 - Yole Group
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BSPDN CFET 3D NAND DRAM 2D Array DRAM 3D Array
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Nikon Information
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Upper wafer Simulation result Simulation result
warpage model without correction with correction .%ngfllggggtg l;gii DA 722.3; Fr;la:ﬁ I — B LA R
Bonding Distortion AR & k BEETFXIOER
Saddle-shaped wave  1Qmm correction 100nm . > WETH
simulation = =1 simulation |

X: +250 um(umbrella)
Y: - 250 um(bowl)

B VY E—T VS {EWP 7RI
P BOTRILE—FIENE P BWTFZXRIA—Y

30X:233 nm, 36Y: 151 nm 306X:35nm, 36Y: 32 nm

: H. Mitsuishi et al., 50 nm Overlay Accuracy for Wafer-to-wafer Bonding by High prec and Technology C
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on Alignment Technologies,” 2023 IEEE 73rd
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CY25 CY26 CY2a27 cCY28
1/0 1/0 1/0 Olo Oolo
HBM HBM
HBM HBM
. GRS o HBM HBM "B Stacked "BM | Stacked
GPU HBM GPU HBM HBM GPU HBM
HBM HBM
HBM HBM
GPU
HEt vet HER Stacked HER e Stacked e
HES HES GPU GPU
GPU HBM HBM HBM HBM
2 GPU, 8 HBM HBM HBM
3.3x Interposer HBM HBM HBM HBM
80x80mm Substrate /O Stacked Stacked
HBM GPU HBM HBM GPU HBM
2 GPU, 8 HBM, 2 1/0
5.5x Interposer
100x100mm Substrate HBM Stacked HBM HBM Stacked HBM
HBM GPU HBM HBM GPU HBM
1/0 1/0 Olo olo

4 GPU w/ 3D SRAM, 16 HBM, 4 1/0 4 GPU w/ 3D SRAM,16 HBM, 4 Optical I/0?
9.5x Panel Interposer 9.5x Panel Interposer
120x150mm Substrate 120x150mm Substrate
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i > R ”: ‘ ' Demonstration for PLP

- P I

RN 5 — 2 B EEEEZENKE LeVina PLPRERY vy kd—% > X7 L Lemotia
Exposure Area Panel Size , Yy .

LeVina-h : =620 x 650mm LM-6000 : 600 x 600mm or 510 x 515mm - - -
LeVina-i =620 x 650mm LM-3000 : 310 x 310mm or 300 x 300mm EARE R C 5 R — R HESH

PLPREIF 70t XA Z—KEE

2xDREIFY ) a—> 3 DR - IR HIEILH
LEMOTIAIK. 300mmAE LT 310mmANRIVET A >Fy TefhlcicV)—R
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Spin Coating &g *_’ Slit Coating

Compliant with

BHmI9—& the PLP standard

Difficult to coat corner edge

ERET Difficult Possible

Required & difficult
(Due to warpage)

Not required @ Required

BRERE Large amount Small amount

EBR Not required

BEFZIR

HEIRKR D W HE Required to develop Already available

IR IV 1 ZDHRME Required to develop Proven in the FPD market

*Comparison is made based on SCREEN’s in-house experiment.
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PLP/WLP FCBGI\%';ECSP" FCBGA/MCP | FCCSP/MCM
375nmLD 375nmLD 405nmLD 405nmLD Broad Broad

DW-3100 LeVina-i LeVina-h LUPIOS Ledia Qs Ledia 8F

Exceptional optical system
High resolution with GLV™ optical engine

Application

A
y A =
4 = A—
=

Wavelength

dr g P k: b
. » | g
y y LeVina& & U‘:DW‘D =Xl
Productivity ;/, ;’ WMEBONFEIVIVTHBGLVMZEE
e ol =
Res(ﬂgion | = 1/1pm L 2/2um L 5/5um IL 8/8pum & 10/10pm Im 12/12pm

Maximum
Exposure Area

Y
PRt osm Q 2am QUsam QUssm QU sm Qs

310 x 310 mm 620 x 650 mm 620 x 650 mm 546 x 635 mm 587 x 661 mm 610%x 661 mm

PRENRVARNY T—IEBICE TS, BAREND=—XFZHRIE
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