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Transistor density Advanced Packaging
Performance « 2.5D
Power efficiency « 3D

Patterning

« EUV

* Dry PR rowress)

« ALE Atomic layer control
Deposition

« ALD

« ASD Selective deposition
3D stacking

« Hybrid bonding

*ALE: Atomic Layer Etching
*ALD: Atomic Layer Deposition
*ASD: Area Selective Deposition

ULVAC



Contents

Introduction
Moore’s law(& Road Map), More Moore
More than Moore (Advanced Package?|=)
el Vs S
Logic
DRAM
NAND
Key 7|=
Patterning 7|= & 2% 7|= (ALD, ASD, low-k, high-k)
0 2022 ULYAC e, | Condenio snd Prapisay ot ULVAC



Introduction : Moore’'s Law

Ol (Intel) - &= &2 Gordon Moore

“diE H|o| M=0| QF 2 OfCt 28 ZO}XICH”
Moore's law [2XH}{/2'3 ] = [50% Area Reduction]

=30% MZ ZtA (=X0.7 rule) : HA 0.7 x 0.7 = 0.49
Node : 32nm = 22nm = 14nm = 10nm = 7nm = 5nm = 3nm

Transistor
Density
MTr/ mm?2 10

1
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
HVM Wafer Start Date
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Moore' s Law and Dennard’s
Scaling Laws Convergence

=> 30% LINEAR FEATURE REDUCTION

S=0.7

%

50%

50% AREA READUCION
GENERATION TO GENERATION

April 2017 . IRDS P.Gargini 5

Paolo Gargini (Fellow of IEEE) IRDS 2017

100 mm?
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Introduction : More Moore (MM)

BeyOnd CMOS (complementary Metal-Oxide-Semiconductor, AtS 2+ T2 ALSIE HHE H))

Includes data from: Michael L. Rieger,

nc
J. Micro/Nanolith. MEMSMOEMS 18(4), (2019)

CMOS Technolo§y Evolution

Aided by L|thography an process/maternal/ Device innovations
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Introduction : More than Moore (MtM)

Advanced Packaging (2.5D, 3D)
- higher 1/0 density

- lower power consumption per bit of data transfer
More than Moore

2D Soc (System on Chip) .
“All-in-One chip system integration” 3 D PQCkaglng

Time to Market | , Cost |. Performance |
Chip area T, Cost T, Time to Market 1 Sive l Flexibility 1

ULVAC Group November 11, 2022 UI ‘AC
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Introduction : More Moore & More than Moore (MtM)

DIMENSIONAL SCALING CHALLENGES e«\a(‘
DEVICE ARCHITECTURE & MATERIAL INNOVATION W'

Standard cell track height reduction (7,5T-3T) 0%1
FInFET depopulation 9 0\

New materials | New architecture

14-10nm

0g.(Htransistors/$)
- s

FInFET s

Multi-patter

20nm

Double Patter ning (C)S \

lanar HKMG

U N

saves the day

ning COSC escalates

co
~
=3
- .
3 b |

\

\Wo®

Tom I Scaled FinFET

EUV reduces cost Scaling boosters
.

6%,:@4 280

{ complexity - Materials and integration choices
- Device and reliability impact
>
2011 2013 2019 2021 2023 2025  Year of

LOGIC SCALING Source: Imec

I*t introduction
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Introduction of More Moore
- DRAM

- NAND
- Logic
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Introduction of DRAM

Current & Future
DRAM Roadmap

Samsung's DRAM Roadmap(SAMSUNG'S MEMORY TECH DAY 2022)

2014 2015

32Gb
6.4Gbps 7.2Gbps 8Gbps

LPDORSx LPDDRS
GDDR6+  GDDR7
HBM3 | HBM3P HBM3P.sm HBM4
CXL-MXP AXDIMM CXL-PNM

Advanced EUV

+ DDR (1. DDR SDRAM, Double Data Rate Synchronous DRAM) for PCorserver  Samsung 1b DRAM mass production in 2023.
+ LPDDR(Low Power DDR): for mobil Challenges: | | |
+ GDDR (Graphics DOR), HBM(High Bandwidth Memory) : for GPUs patterning, materials and architecture, High-K material

DRAM : 32Gb DDR5 DRAM, 8.5Gbps LPDDR5X DRAM and 36Gbps GDDR7 DRAM.
HBM-PIM , AXDIMM and CXL

ULVAC Group November 11, 2022 UI ‘AC
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Introduction of DRAM

Roadmap

F* [nm] 15~14 13~12 12~11

Cell / Peri.
layout

BL
*Feature size: STl hp along WL = STl hp / COS(219)

Patterning 193i SAQP, DP (+ EUV

M. Popovici (imec) et al. IEDM 2018
Basaatic by TEL

Pillar cap. A.R. >40 >45 >50 >55 >60
Capacitor
Alternative: STO etc.
Poly SiON
Peri. CMOS High-k Metal Gate

ULVAC Group November 11, 2022 UI ‘AC
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Introduction of DRAM
History (@IEDM2021 Roadmap)

2 =
¥ . a) Va
. f o
; ; s Ly
: « A-BEOL E 1
0 ® o)
>
o O OoV:
o?n" w CU-BEOL
RCAT
Cell
Capacitor Q BCAT
NWL
89 acar
Cell *3 oy
Transistor 0O
Pillar
980 990 2000 2010 2020
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AF)
Pira'CAT RauuCAY MCAY

Cell '
Transistor > 'W' H
l &

Cylinderspp Cylinder . D-Pillar
(Single (Double {Double)

Supporter]  Su
Capacutor M M

citor Cent "
Integration
2030 Year

ULVAC



Introduction of DRAM

Current & Future

HH M (Interconnection) : low-k Oxide, Cu-BEOL, Advanced CuBS

Peri Transistor : High-k Metal Gate
)y

— T
T ITrTTITTIT T I T T Y

St %

o
s Low-k & Adv CuBS
.'010'

TEOS dielectric : Poly / SION

= g2s
Hfj &1 ENXAE] HO|E
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Metal Gate
High-K
Si

A Lol
s HKMG »

..ll"

ULVAC



Introduction Of DRAM X} 2: SMC Korea2022
Current & Future

'3D Vertical-DRAM'

High selectivity of SiGe/Si

Integration

IEDM2021 Keynote (Samsung)
Technology:

New materials

3D structure, New Architecture
HAR etch

ALD, ASD,

Selective Etch

ULVAC Group November 11, 2022 ULVAC
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|ntl‘OdUCti0n Of NAND AF=: Semicon Korea2022
Current & Future
Planar = 3D Vertical NAND —

SISPAD 2021 Plenary Talk

Memory Technology 2021: Trends & Challenges

y
BL 7 ¥ 4
#

y ; ; l
F===f § _ Floating Gate Source Jeongaong Choo ;
BL Contact (memory Ce") Plate Techlnsights, Ottawa, Canada; Email: jchoe@techinsights.com ?
wl : 7, ) Ver. 2021-V1 |
' P Ayt Techinsights !

j e ! Jeongdong Choe

3D NAND
Architecture : : =

= it

m— || 19 e 1
11 b 48
= ermtr e e b |

o ©
of

~12 um height

M

\

A

==H SE 4 i
Source Plate m ' = ‘ Fé

Memory Cell
2012 20T vsestsssnsstscssnsntssussnovaunes » 2020 2021~-2022

Memory Holes

Fig. 2: 3D NAND architecture. Source: Western Digital
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Introduction of NAND

Current & Future Samsung’s VNAND Roadmap(SAMSUNG'S MEMORY TECH DAY 2022)
2024

Engineering Efforts to Power Innovation o~

10X the layer count and 15X the bit growth since V1 1Tb 3b/cell

1Tb 3b/cell
$12Gb 3b/cell 2Xx Layers

S SSK-Hynix 238 Layers
512Gb 3b/cell g ;;_. e Micron 232 Layers

128Gb 3b/cell b, 64 =1 S ynix 176 Layers
| e s
i 48 Layers - . Vil

I 32 Layers y ' . —y
B Extreme Mold Shrink

V-NAND V9, mass production in 2024.
1,000+ V-NAND Layers by 2030. Cell on Peri

Multi stack

Cell

Bonding

ULVAC Group November 11, 2022
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Introduction of NAND

Current & Future

TLC - QLC

£ %
Floating b, a3 ﬁ Q a
Gate e pannl

60 50 E
‘g 3 nc{
£ 5 <] Al
@ = '
3 40 00 x
c ©
00 b
Wl

o . i
8 20 50 S i) COP ii) Wa.fer
Planar S Bonding

3D
Stacking

3 COP : Cell Over Peripheral, TLC: Triple Level Cell, QLC : Quadruple Level Cell
ULVAC Group November 11, 2022
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Introduction of NAND

Current & Future

1) Oxide/Nitride Multi-  2) Channel Hole 3) Gate Pad 4) WAL Cut Etch 5) After Gate Replacement  6) BEOL
Layer Deposition Process & CSL Implant

Vertical Nand Flash Memory

Ultra Low Thickness uniformity Mold(Oxide/SIN) « WL & Interconnection W
HARC(High Aspect Ratio) Etch - Deep MC Contact (COP)
11 MEHH| wet etch « CuBEOL

Double stack integration

ALD ONO & Poly Si deposition « Stair(Gate Pad) etch & Raised PAD

ULVAC Group November 11, 2022 UI ‘AC
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Introduction of NAND

Current & Future
Dry Vertical Etching Wet lateral Etching

((idediin
AAREREN TS

i

[
=
b -~

f

(et

. l" /' '7

L= s Y
-
e oma =
sE=—==
—
S ==
=
=
= i
==
> =52

 HAR(High Aspect Ratio) WL Cut Etch

- 11 MERH| wet etch

* Double stack integration

* Low resistivity WL materials (ALD W, ALD Mo)

* Dry clean
ULVAC Group November 11, 2022 ¢ Warpage (Wafer StreSS) ULVAC

© 2022 ULVAC, Inc. | Confidential and Proprietary Information

of Silyl-Phosphate for Use in 3D NAND Flash Memory Fabrication
oxiang Znang, Ju Won Park, SeungHwa Yang, and Pyung Sco Lee*




Introduction of NAND

Current & Future

Film deposition
- stress control

Compressive Compressive

Film

Bevel etch
Backside Depo

Wafer

FIGURE 2. As the number of layers increases in the 3D NAND
device, the effect of film stress can become magnified.

ULVAC Group November 11, 2022 UI ‘AC
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Introduction of NAND

Current & Future

Staircase etch Staircase(WL MC PAD) PEALD application

Photo Source: Techinsights
— Contact,

= ﬁ ¥ ﬁ Etch Recess Margin
£

Contacts

Channel hole s e e \

Pad for contacts

FIGURE 5. Staircase etch uses repeated vertical etch and
lateral trim etch passes to define the contact pads. and Al

Source: ASMI Analyst and Investor

ULVAC Group November 11, 2022 Technology Seminar July 9. 2019 UI ‘AC
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Introduction of Logic
Logic Node Scaling & Metal

Delay time ~ RC
130nm Power ~fC, V2
Cross talk noise « C,; /C, ,
90nm
~ 65nm
Low-k~5icon 45nm
Low-k 32nm ‘
RAARER 22Nnm
| ' vwyy KT esicon ULK 14nm
‘ IsYsNTRR Y w ﬂuul (- 10nm
e ansun oo e 7nm
urlun:::m bae 0 go 111 ﬂnn 5nm
2001 2003 2005 2007 2009 2011 2014 2017 2019
Lowk(e30) Ultra Lowk (k=2.5) 2021
O =T S SiCN(k-4.0) or CoWP .
awmmnerRe  CVD Coliner |- integrated
CVD Co capping | ALD/CVD

Low Pressure Cw/Low-k CMP ECMP + PVD

© 2022 ULVAC, Inc. | Confidential and Proprietary Information H.-K. Kang, tutorial on Advanced Logic Technology, 2007 UL‘AC




Introduction of Logic

@ Logic 10nm

s

e
. ||illl||l
“

- |||I

/

ULVAC Group November 11, 2022
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Al PAD

Cu BEOL (Back End of Line)
Global Interconnect

Cu BEOL - small pitch

MHM-TIN: Metal / Via - Dual damascene pattern

Cu BEOL - [ Minimum Metal Pitch (MMP)]

MOL (Middle of Line)
FEOL (Front End of Line) — FINFET, GAA, HKMGs

ULVAC



Introduction of Logic
FEOL - Transistor

Channel width

2nm production by 2025
1.4nm node by 2027 Performance
& Power Benefit

ULVAC Group November 11, 2022 UI ‘AC
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Introduction of Logic
BEOL - Metallization Process

Low Resistance interconnect

Seed Cul

Seed (Cu)
Liner (Ta)
Barrier (TaN)

Inter Layer
Dielectric

BM
Seed Cu

E-Field Shaping

Chthude Waf Clamshell
Sealed Electrical (Vafer) 2 -
ealed Electrica _ Power source + EP cu (BOttom'up)
EP Cu =5 v
_ s— v
(Electro Plating) r v
S
55 = _
3 Seed only § seconds 10 seconds 15 seconds 25 seconds
Anode Chamber S':: ?J:;;gn Anode Filters

Novellus

Cul(solid) = Cu+daqg) + 2e-
ULVAC Group November 11, 2022
ULVAC
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Introduction of Logic

-Low-k (Dielectric constant k-value) = ULK

pSIOCH

* Porosity lowered the film's dielectric constant, k,

* reduce the interconnect wiring capacitance contribution
to the RC signal delay In integrated circuits.

« PID - change k-value up

More Fragile
- O O q
O § Lower k
k=4.0
(a) (b)
CiFg, O, plasma
Plasma Damage: . -
) hydrophilic ‘

(&) Chemical formula of low-k material after PID and etch byproducts i?ldropho‘blc l . y P - oS - —
(b) (b) Structure of porous-SiCOH pattern after PID Si—0—-CH3 = St —0H - H,0 3 1 | sy e

(*PID: Plasma Induced Damage) - SiF, 1,COF, 1 -\ s\ -

ULVAC Group November 11, 2022 CH,

© 2022 ULVAC, Inc. | Confidential and Proprietary Information k<26 K=4~80 UWAC



Introduction of Logic
-Cu CMP (Chemical Mechanical Polishing)

« CMP removes and planarizes Cu on the wafer’s front surface

e Rotating pad (mixture of chemicals and abrasives)

* Post-clean : rinse, dry

Load
Polishing slurry *

Polishing pad :
v VU l

o Head
’ [
() Fixturing
% / Wafer
Condhv__j\/
| — L Platen

CMP process schematic diagram

ULVAC Group November 11, 2022
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Introduction of Logic

Wafer Backside interconnection, backside bonding: Power rall
PDN : Power Distribution Network
Samsung to use BSPDN tech for 2nm chip

Gate Conventional Buried power rail with backside PDN
Powel ‘

=l Power delivery
rail y

Power and
- Signal lines

N

Metal _
track
. Power
rail
Power rail

Cell length

_ Transistor X Power

lines

Power delivery

Key changes
1. Separation of power and signal lines
2. Powerrails and power lines embedded in the siliconsubstrate

3. Power delivery from the backside

Cell width

PowerrailCD ~3x minCD

Figure 4: The naw buried power rail vath backside power defvery network architecture moves the power distribution
network to the back side of the silicon wafer, beneath the transistors. It enables further scaling of transistor cell areas

Figure 3: The poweer rall is typically thrae times larger than
and allows signal lines to remain larger and have lower resistance,

the smallest Interconnect wire, making It Is 3 major
contribustor to cell size.

ULVAC Group November 11, 2022 ULVAC
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Introduction of Logic
Intel Logic Roadmap

Intel. Logic Roadmap
- Ribbon FET
Power Via(backside bonding, n-TSV)

First FinFET

Hi-K Metal Gate

: ]
i *

Strained
Silicon

RARRARAALL

Intel
45nm

LTy
-

NRRRANRERY
AAAARARRAD

Intel
65nm

Enhanced Strain

\
BARRRRRRRR

Intel

90nm

}_
}—
<
<
o
w
o
w
O
74
<
P
(44
0}
w
o
i
a

Enhanced
FinFET

Enhanced
HKMG

COAG

Intel
10nm

Badiasausu

Super

MIM Capacitor

<

Intel

10nm
SuperFIN

BAAAALAAL

lllllll{l.
RERRNRNNNN

Nl |

Enhanced
FinFET

T
\Y

Intel

F 4

RAARARBAAE

Transistor
optimization
for performance

Metal stack
enhancements

\
LTI

EUV Litho

FRRRNENRRR
Intel &
4 E

ULVAC Gr¢
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/

/

-

PERT W

aeme

HRRRRERANN
AARAAALANDR

L TETRTRTY ¥

Denser design
libraries

Increased
transistor
drive current

Reduced via
resistance

Increased
use of EUV

A B s o b o
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1 11] ﬁ’; —




Introduction of “More than Moore”

Transistor Level Nloore ! S Law the number of transistors would double every two years.

physical limitations
to transistor scaling

’
™~
A et
450m 32nm 220m

9 ll7!t0| IEDOM 2007  Intel IEDM 2009 IBM, IEDM 2009 IMEC VLSI 2016 IBM VLSI 2017
194

Planar device

System Level More Than Moore

Quicker time to market
L.....1 M | ower cost
Improved performance
Reduced size and space
p=== - More flexibility
Sonrce el Sowrce Xilnu, TSMC Source

ULVAC Group November 11, 2022
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Introduction of Package

SIP (System in package)

Advanced Package 2.5p/3D

orLtel 7| X| ¢tofl o2 7ie| H= HE L= HIE

Standard IC Package

DDR Memory

Configuration Processor

Memory

LDO =

Easy to use BGA

LPDDRA
SOC

LPDDRA

Exynos auto(SoC / SiP)

2.5D (Interposer Stacking)

Optional HBM ‘ HBM DRAM Die !'LL! I TSV
DRAMD' em pram oie | 1111

""" Silicon interposer

T - !'rﬁ ! Optllon alr&'\ultlple

Package Substrate
i Q00O MBI OOOOWMIG00000000 WSSO

Circuit Board

PackageTrace

3D (Vertical Stacklng)

ULVAC Group November 11, 2022
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Introduction of Package

® \Wafer Level Package(WLP)

I -
o
o

ot E7lel Hez Het= A

WLP= Wafer M £ Packages 7/
| Tk 22 RDL(Redistribution Layer)Z

WLP= BI=XN 582 0|8 Bt 7
A=A Chipat 27l S HE

Traditional Packaging . e oL e%e%e
Process Flow o sSeTeTeTe o "':-’“"gogog"go
S sgoge s e %%%:%:%«
’ e e
Silicon wafer Dicing Packaging

Wafer-level Packaging

Process Flow SIS P
o S D S
= P T
— W&ﬁ
G
Silicon wafer Packaging Dicing

ULVAC Group November 11, 2022 UI ‘AC
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Introduction of Package

Si Interposer

- Buffer : 3-D interconnection0llA O|Z chip AFO|0]| & =|of RHHHA &I buffer 4&

- Fine Pitch Si Substrate : CF=2| chip2 integration St=Cl| A& E|= silicon substrate
- 7|Z& organic substrate0i| H|3H high wiring density A& 7S

-HE|E HEXNE SO HEEE 0 2 7[R M E FA =00

EIEI__I_

& Fine-pitch (50um) micro bumps M B

Si interposer

Front-side
BEOL

(optional)
Substrate (Giass or Silicon)

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

- ILD (Inter Layer Dielectric, SiO2 or Si3N4 or polymer...)

Back-side
RDL

- UBM (under Bump Metallurgy)
Metal (Al or AISICu or Cu or W) [ Dielectric passivation (Polyimide, BCB, PBO, epoxy, ALX) Pl’lﬂted Circuit Board

ULVAC Group November 11, 2022
uwac ULVAC
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Introduction of Package

TSV(Through-Si Via) Process

TSV(through silicon via, 2|2 28 =
QIO|0|E & AZASH= 210|0] 23 (wire bonding) CH Al
- &ol ojMet F+H(via)E &0 o &1 ot HE =32 =2 HEASH=
I 7| & (packaging) 7|= (backside CMP 7|§)
- WE MY D22 HEH0| 7

Incoming Wafer TSV Efch CVD Liner PVDBarrierand | TSVCuPlating  Excess Cu
Seed Polishing

ULVAC Group November 11, 2022
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Micro-Bump/Pillar

Silicon

Through-Silicon Via

ULVAC



Introduction of Package

Advanced Package Roadmap (Foundry @i=pm2021 Samsung Keynote)

1/0 Signal Density
12 of VO/men)
25D+3D
2.5D
HPC/Server
EIRNITT FFT‘I

HBM Si and Bumps

HdMo(o/;.(

3DSsiP

AU INUMDOSR ¢

TSV & Bumpless

HAM » Ohviplet

e ACtive Interposer

W2W Bonding

=
TSV and bump /Mobile
E - Z.SD
ones LSS S
LPODR = AP
' TSV, Si and Bump
\ HBM KEM e (hplet
FC-BGA -
2000 2005 2010 2015 2020 2025 2030

ULVAC Group November 11, 2022
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Source: SAFE2020, samsung

Cu to Cu
Hybrid Bonding

UL VAL




Summary - 3D structure (Architecture)

Cell 3D structure
Cell / Peri wafer backside Hybrid Bonding

DRAM NAND

o v P &\\N Control Gate
3D Cell Capacitor

1 IPD(ONO)
Floating gate

Logic(CPU, AP)

tunnel oxide
D

R

FINFET

oSooooaoon
Scoonoonanos
Soooooons
oosoosooos

* IEEE 2019

=)

: oooooooas

(Power Via)

Backside Hybrid Bonding

ULVAC Group November 11, 2022
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Summary - Key Technology

“ Patterning
EUV, Mask (Dry PR)
ALD(Atomic Layer Deposition)
ASD(Area Selective Deposition)
ALE(Atomic Layer Etch)
Oxide/SIN (VNAND Mold stack)
Si/SiGe (Logic GAA stack, 3D DRAM Cell stack)

** Thin Film(Metal & Dielectric)
low-k, Capacitor & Transistor (High-k, electrode)
Low resistivity (materials & Barrierless Metal, Co, Ru, Mo)
High Aspect Ratio (HAR) Gap-fill Metal (ALD-W, Mo)
: Cu, Ru, Co
ALD, ASD (inhibitor) (ESL ALO)

N/ . 1 -
“ 3D : Hybrid bonding
ULVAC Group November 11, 2022
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Summary - Key Technology

Atomic Layer Deposition (ALD) Area-selective ALD (ASD)

inhibitor @
precursor @
oxygen @

ALD Cycle

Growth area

15t Half-cycle Purge Z"d Half-cycle Purge Non-growth area
reaction g ¥ [ reaction 9
r‘i“precursor Prodttcls% Q g\agoo-reactanl Prod‘ucts Q/p
13388888888 osssassssssss] pERsBERs 8888581 }RRRERERERERER Patternod
surface
ALD Precursor Lo

reactant
Cc

inhibitor Precursor
A B

Area Selective ALD ABC-Type (w/ inhibitor)

2D Materials

(1) PECVD-Graphene
(2) MoS2, MoSe2, MoTe2, WS2, etc

. W (i
A ".’_ \\ ‘ “‘ ]

)\:1 35nm Reticle with pellicle r— e
N.A 0.55 E 'lﬂ[,?«
Co2 laser : " AT
Tin droplet J L‘-' :
Mirror

Reticle & pellicle
Turbo Molecular Pump (CxHy outgassing)

ULVAC Group November 11, 2022
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Atomic Layer Etching (ALE)

Desorption Step

Adsorption step

Reaction A Switch Steps Reaction B End/Repeat
Cla Art
Si Surface .'. e 2 " ]
Chlorination lon Bombardment
. 1. Adsopti I.P IR [ IV.P
1-Cycle: (Selfi(i)rﬂi't?:g) oo (Self?linr:\(i)t\il:g) e
(Plasma-ALE)
+ Cryogenic ALE (<90°C)
+ selective ALE (w/ inhibitor)
+ ALE Type Dry Cleaning(ALC)
Hybrid Bonding
. Peri ;
CTE PECVD SiO2 Cu
— (Coefficient of
.ﬁ Thermal = 1'4 4 x 1076/°C |16.6 X 1076/°C
cd Cell Expansion)

SiO2 Bon

ding

Cu Bonding

ULVAC




Leading the World /

/n Vacuum Technology
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