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Intro | HFE= X Workflow

Device & Process . .
Unit Process Packaging

Design




Intro | HFE= X Workflow

Device & Process
Design

TD : Technology Development
PA : Process Architecture
Pl : Process Integration

Planar FinFET

Gate ~ &

X = E4, &8 AlEe0] (TCAD), 2|2 &4 S

GPUs Required

1K Mesh Nodes 10K Mesh Nodes 100K Mesh Nodes 1M Mesh Nodes >10M

Electro-Magnetic + Mechanical
+ Thermal + Optical
(Full-Physics) Simulations
Electrical + Mechanical
+ Thermal Simulations

Electrical +

Mechanical . ' Hetero-Device
Simulations ) | : ] Integration

Terminations

Power Device
Electrical
Simulations ﬁ Multi-Device
d 3D DRAM
CFET

-

> GAA -

! FinFET Compute Times

Planar CMOS

A

CPU Hours

S ED  _JNDTCO NS

[Leakage Current Mechanism in MOSFET]

Source

Gate-All-Around

Gate~

Source——__

Leakage Current Mechanism in MOSFET

@ PN Junction Reverse Bias Current (I1)

) Gate Oxide Current (12)

bthreshold Current & Drain Induced Barrier Lowering, DIBL (13)
@ Gate Induced Drain Leakage, GIDL (14}
® Punch Through Current (I5)

@ Hot Carrier Injection (13, 14, 16)




Intro | HFE= X Workflow

Unit Process

8L 37 : Clean, CMP, Photo (Litho), Etch, Depo, Inspection & Metrology

At

@ OERKER

HITACHI
Inspire the Next

SCREEN APPLIED A!#Saﬂlﬂg W APPLIED
@ MATERIALS TEL @ MATERIALS KLAE
@ 6ERKER

Plasma Etch, ALE,

(RS Ta=
Selective Etch CVD, PECVD, ALD &2, E-beam

Slurry, Warpage

Defect Control and Patterning Control

PLASMA
e~
jons  neutrals " electric field
: <y

" photomask




Intro | HFE= X Workflow

+8 U 2% 24

YE : Yield Enhancement ET (Electrical Test) TEG (Test Elements Group)
EDS(Electrical Die Sorting) @ Scribe Line

= 42(Yield) _='§§EE=-
o e B

o

(@) A 60% 2 (@) & 30% 8




intro | BFE= X Workflow

Packaging

7|E
7 1X|(Package) X Z2NHA OSAT(Outsourced Semiconductor Assembly and Test)
oo

e el

Advanced Packaging

e : Wafer Dicing PaFkagir1g

S Traditional Packaging
n Process Flow

4 g =
[/ RSS20
\ ’1
\\ 4
E v‘jafer
Fllofm| T Fllojm ==

Wafer-Level Packaging
2to|ijo] M uiaglolc gllojm A2 C}o| OfENX|

st Process Flow
(Lamination) (Back Grind) (Wafer Saw) (Die Attach)

2 Advanced Heterogeneous
EH o (Bonding) .
Hish Integration

LN aoigieE ot = :
(Singulation) (Solder Ball Mount) (Marking) (Mold) 5 e e S [+

SK hynix - Si Bridge Die
NEWSROOM 2.5D Package
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EAHER

A X} Type

==
o Tr

A& (Logic)
Logic (Foundary)

714 (Memory)

DRAM

NAND

/s

ALt

ct7| 7]

g71 719

2| At

TSMC, At Q&

A4, sto|< 2, oo| 3.2

a O,

&8, o054, 00| 3 &

Keyword




sk Careers Journal

{MOSFET)

A4t (Logic)
S Logic (Foundary) o2

Sour(e\!‘g:

7l Al Ak
S| A TSMC, &5, oIt
Keyword

FinFET Gate-All-Around

Source

MATR 3Lt THPEE $2 TSMC ¥R E £, .
44 MR sLbs 48 TSMC BH ¥3_ (0. olojYs

e s 22 B ojlsA

wews T = =
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EAHER

A X} Type AH 4 (Logic) 719 (Memory)
S Logic (Foundary) DRAM NAND
7|5 H £k g e 7| 7|14

2| A} TSMC, &8, 22 &8, o054, 00| 3 & &8, o054, 00| 3 &

Keyword OO nm, FinFET, GAA Capacitor, High-k (1 /&)

Dielectric
layer

Gate-All-Around

Bottom
electrode

Transistor
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AX} Type 712 (Memory) @‘ ﬁ

O 'rr NAND Traditional Shrink 2Dto 3D 3D NAND
7ls 270 7|14

- - NAND Technology Development at SK hynix:
2| At 48, oro|5 4, O10|3& i .
Reaching New Heights

Keyword

10 111 100 001 010 001 000
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2014 2016 2018 2020 2022 TR
24-layer 48-layer 96-layer 176-layer 238-layer
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EAHER

A X} Type AH 4 (Logic) 719 (Memory)
S Logic (Foundary) DRAM NAND
7|5 H £k g e 7| 7|14

2| A} TSMC, &8, 22 &8, o054, 00| 3 & &8, o054, 00| 3 &

Keyword OO nm, FinFET, GAA Capacitor, High-k (137 &) 0O Et

Dielectric
layer

Gate-All-Around
NAND Technology Development at SK hynix:

Bottom Reaching New Heights
€lectrode

2014 2016 2018 2020 2022
24-layer 48-layer 96-layer 176-layer 238-layer

Transistor




FinFET

Structure Planar FET FInFET GAA—FET, Complementary g»
+ Single gate channel < « Triple gate channel

s : + 5nm SAUIHR| HB(@2H BA) s 7 | FET y

* TSMC 3nm Finflex a :

i

Lithography high NA-EUV

Angstrom
15nm Era
(~20307)

CFET

Breakthrough Technology

nemoramDie' ' !
nevorampie’ ' '
nemvorampie’ ' ')
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17 | Applied Materials External

VIEW OF

PROCESS
COMPLEXITY

(GAA Transistor)

In just ~10nm between nanosheets:
» >5 distinct materials
» 1-2nm per layer of material

Engineered with angstrom-level
precision across more than
ten trillion transistors at a time

QO AFERER.




Frontside Power Backside Power

e L Announced Backside Power Distribution Network Approaches

Buried Power Rail Power Via Backside Contact to S/D

Signal wires

.
9
Signal wires g
J | W R
7 - . ! B N g '
N o

Device

ndTSv Backside
= == contact

' "M = a""

Buried
power rail

Frontside Scheme Backside Scheme

Power delivery

Power delivery

o vy Eﬁ g —— Signallines Area Scaling Good Better

Powerand I
Tnnr B signallines = =
e Ry . Process Complexit Low Medium
By 'E 91/"0%”6" i

» | — @ APPLIED

ower rail
-y _
gEEEE Powerline

= Transistor

Power delivery

Key changes
= Separation of power and signal lines
= Power delivery from backside of the wafer




Logic

GAA with Backside Power Network for Additional Area Scaling

B Performance
B Area
B Power

Planar

16/12nm
(FinFET)

Intrinsic Intrinsic
scaling scaling

_ { —_—
+ 40% DTCO / +>50% DTCO

20 to 30% cell area reduction
with Backside Power Network

el T
TERRNY
—

11l

; ;
p e 'EI Ed'
) 20-30%
area scaling

from DTCO s

5% Gen FinFET GAA or Variants GAA with
(5nm) (2nm) Backside Power Network

@0 AGRKER
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Cross-sectional SEM of DDR5* DRAM

AbA = AT LHEE] OFALS A|EHS X
*Double Data Rate 5 (1y nm generation) e/« D1a DDR6:= &HEEAIE 20215 E B2 A%EH 1a L SH 7|

DDR5 D3 £ <|D|gfL|Ct. o] HIE2 10Lt:== 4MICH(D1a) D& 7|& &*D:ﬂ O,
EUV(SXAL M) =2 7|22 Y5 20|00l HE8 20| EXQILICE

il HREN S
Capacitor i | = - - 3 Hl—l?‘ LH%:

Capacitor

._.".JH Jlg:
R . A LR RS (LRI ll  A4SFERE 1a Lt 2H(D1a)2 AFRSI0 DDR5 DUS A4HBILICH 0] 2HE 10Lb:
Word Line R L o] 44O EUV 7|82 ¢ ®M2siaL|C}

UL AR AR AR AR AR RN AR AN AY)

200 nm

EANUT HEsk

200 ~ 533 MT/s

+ * * g ’ 400 ~ 1066 MT/s

800 ~ 1600 MT/s

DDR + + + + ‘}‘ + ﬂ 1600 ~ 3200 MT/s

3200 ~ 6400 MT/s




DRAM

Original Roadmap

0ff Chip Memory

Silicon Die

New Technical Roadmap

HAZD S

a o B HiA| £=
HBM3 240 HBM3 HAHE
2023.0 : HBM2E HBM2 uAnz

Stacked Memsory Advanced Technology of HBM Package

1

HAZEHBM 2
A %% HBM2E A
CPU/GPU HPIZIZHBMS 44 0% 125 Hama
E— dS HBM3E

Package




Stacking elements

TSV & Bump Bonding

HBM Stack

—
(@)
5
e :
g8 D
3 Q
2 (&]
<C
<C

TOUt

Heat Transfer Coefficient
Heat Transfer Coefficient

épaump
\' g8

Logic Die

Tamb

Interposer
Package Substrate




Stacking Tech.

Remark

Achievable
Stack Height

Thermal R
(Relative)

Strategies to Maintain HBM Competitiveness

Solidify HBM leadership through innovation of Advanced PKG fech
(1) Thermal bump maximization, (2) Gap height control, (3) Thermal enhanced filler

HBM2

Thermo-compression
w/High Stress

v World 1st TSV chip stack

4Hi / 8Hi

0 (1.0

HBM2E HBM3

Low Stress
oo asr rag hocmgnany ¢

+ Low bond force & Robust joints: Higher Bump
portion (thermal dissipation )

4Hi / 8Hi

O (0.65)

HBMS3 (12Hi) / HBM3E

W =

N = 1 B
Low Force & thermal

R e e

v Mcre Enhanced thermal dissipation
Lower gap height & thermal resistance §

8Hi / 12Hi

© (0.5

o M g I

.

Advanced MR-MUF

Hybrid Bonding
12Hi / 16Hi

0.4~0.5)

We DoTechnology | QK

ynix

Hybrid Cu Bonding

100pm
Solder bump

sy

#olm

20pm

M-bump Cu-Cu

2um Pitch
Hybrid-bonding

—_

.= T2l
> { \ > \ >

Atzjap =3t

el JES

ES U P2 E

E2i=0r 243

RN Eet

2| Zet(Bonding)

SK hynix
NEWSROOM
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1Tb /

. 3D X-DRAM

2D DRAM

4F2 (First gen) 4F2 (Future gen)

1995 2000 2005 2010 2015 2020 2025 2030
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Traditional Shrink




NAND

Bitlines
Sourcelines

AR ERE |
 BREER |5

= Pipe gates




=X | NAND

(Cha“";c'ﬂ; Setine) Key Process Steps in 3D NAND Memory Cell Formation

T ) Single Channel:
Blthnes Core SiO Tunnel oxide memory cell Hardmask open

Charge trap SIN

SOU rcelines X P " A Blocking oxide

- Bitline:
Metal fill

T Contact:

Alternatin
d Metal fill

film deposition |[_§

™ Stair:
\ Staircase etch
/ > Word line:
Channel: ) Metal fill
(Control gate / High aspect ratio etch
Word line)

3D NAND Manufacturing Challenges

Film stack deposition Channel etch Word line fill

Increasing # of pairs requires
high productivity
A

[t e
{ \

Bowing Selectivity
\ _ to hardmask Lateral fill required

~. Impact of defects \ o
/ magnified —— \ CD variation
) at top vs.

// bottom

/

s Pipe gates - d A Non-uniform

gV layers

"™ \oids

Twisting in tungsten

Incomplete etch
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NAND

Evolution of 3D NAND

The future

Sources: Lam Research, Counterpoint Research




Advanced Packaging

Heterogenous Integration to the Rescue

{0~

Image
Sensor

Heterogeneous integration enables logic, memory, sensors, power and communications
to be combined as a system-in-package

¢l ARLER




Advanced Packaging

Hybrid Bonding for High-Density Chip-to-Chip Interconnects

Microbumps

Hybrid bonding Approaches = [ ‘
Wafer-to-wafer Die-to-wafer microbump ‘
CELE - - SR Tsv.

>

e - Hybrid Bonding
e 1 4= <

. . \ \
Dielectric materials and copper pads fuse — ‘ ﬁ

* Enables >10,000 connections per mm?

* Requires precisionin processing and alignment 100um 20um 2um__ Pitch
Solder bump H-bump Cu-Cu Hybrid-bonding

= SoC performance can be reconstituted and

Multiple hybrid bonding options expanded with hybrid bonded chiplets




Advanced Packaging

www:BANDICAM com

= DRAMMemnory" "DRAM Membry
Al LOgiC Die . D G VR

\ i i '
, 1 1" | ! "i. ’l' '|' ‘I..
Y 1 1) 1 " " " "

P _'I,Vlelmg}y; ,C‘gnt.r,‘olll_e};Di]e ' Wmm_ﬂ_xmm_uwmm Memory Controlle( Die,,
- ' Silicon Interposer

DY 0N BY Y B6Y 6Y 1Y BY Y BN Y BN 6N BN BN BT Y T BT Y T LT T VT V" " TP" T PPT " PYTRY ™Y "

Advanced Substrate
MY K

¢021Apph Mqln s, Ing
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Advanced Packaging

System Integration with Emerging 2D and 3D Interconnects

Through-Silicon Vias
Hybrid bonding

Micro-bump @:-+--+ 3
..F‘:Ip»{,fllp bump

SUBSTRATE

Polymer RDL/
Siinterposer

* Advanced substrates package chips side-by-side with higher bandwidth (more I/Os) and lower power

* TSVs with micro-bumps or hybrid bonding create vertical interconnects allowing chip-on-chip stacking

@M AZRUER
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Intro | HFE= X Workflow

Unit Process

8L 37 : Clean, CMP, Photo (Litho), Etch, Depo, Inspection & Metrology

At

@ OERKER

HITACHI
Inspire the Next

SCREEN APPLIED A!#Saﬂlﬂg W APPLIED
@ MATERIALS TEL @ MATERIALS KLAE
@ 6ERKER

Plasma Etch, ALE,

(RS Ta=
Selective Etch CVD, PECVD, ALD &2, E-beam

Slurry, Warpage

Defect Control and Patterning Control

PLASMA
e~
jons  neutrals " electric field
: <y

" photomask




Unit Process - Clean

Cleaning Agent | Dispensing Head
Spin Substrate

Single Wafer Bath

Mg
(Wet Clean)
2|'d (Leaning)

SCREEN

TEL
L) L)

[N

e
et

A

i

IS

LV

/
- ap
~ e

Untreated

Lt THE|S HA,
=44,

B3 (2£ 5

-
o 0 d

Pattern collapse
SEMES

\\’sl! e
1 S -

TV o
.« o= o g

~

Top-down view o_|_|| x_” E E 0_” L:I xl

Damage-free sesesesee

e ™ e 00000

Functionalized




Unit Process - CMP

Pressure Fumed i
Silica
Conditioner
Surface

Slurry

(a) CMP 31 24| (b)CMP 3 T c)CcMP3E =

Polishing Platen <12 1> CMP 27X 7H2 3! CMP J/F AKX} X} 1Xx0o| H3}

@ ARERER

Slurry, Warpage

Smiling Warpage Crying Warpage




Unit Process - Spinner

Conventional
: CAR PR (Chemical Amplification Resist)

- Light source

Light beam Photoresist

Solvent —,

\ Vo s
L 4
> ~
»
’ » Chuck /
——Spindle Exposed

Photoresist ———Spindle

pump

<Edge Bead removal with solvent> <Edge Bead removal with optical method>




Logic Device Roadmap and EUV Lithography Technology Trend

[ )
l ' n It P rO C e S S Production timing 2020 2022 2024 2026 2028 2030
5 nm 3 nm 2 nm 1.4 nm 1nm 0.7 nm

2 Fin 2~1 Fin GAANS Forksheet CFET 2" Gen. CFET

EUV lm ln,'%f% ? ?

: MOR PR (Metal Oxide Resist)

*—1A Ol A £y SO
=5 ' (Sn, Zr, Hi &) &7 S _— — EUV MP EUV MP EUV MP

]SR Corporation 0npria High NAEUV | High NA EUV MP | High NA EUV MP

CAR CAR (+MOR) CAR (+MOR) CAR+MOR CAR+MOR CAR+MOR

20

CAR: Chemically amplified resist, MOR: Metal oxide resist, MP: Multi-patterning

For HVM by future EUV technology, the robust resist materials and processes need to be ready

Tokyo Electron Ltd. / 2022 EUVL Workshop T E L 4




Logic Device Roadmap and EUV Lithography Technology Trend

Production timing 2020 2022 2024 2026 2028 2030
2 nm 1.4 nm 1nm 0.7 nm

Unit Process o
'Y EEER:
18 16 12

EUV

28 22

: MOR PR (Metal Oxide Resist)
EUV MP EUV MP EUV MP
High NA EUV MP | High NA EUV MP

o
EUV MP EUV MP High NA EUV

*T1 A O AL =\ &
[ R B B (S“, Zr, Hf o) :!-'IT
CAR (+MOR) CAR (+MOR) CAR+MOR CAR+MOR CAR+MOR

JSR Corporation 6npria
CAR: Chemically amplified resist, MOR: Metal oxide resist, MP: Multi-patterning
For HVM by future EUV technology, the robust resist materials and processes need to be ready
4

Tokyo Electron Ltd. / 2022 EUVL Workshop

H2|Mx|, ZXOE EUV PR PtE="E2}0] 3|X|A

E' et H 71 ikl 52

iE

et (Pillar)

- M2{Fof %23}

< W 7 8

22l 1 2020-02-27 19:07 A™:2020-02-28 @ 21
64 32| DA - T 2T WY

1
|

Dry Deposition EUV Exposure

g T

Prescursor

Reticle 5

Precursor
,//

1
E

I
-chuck

— [1]]

Wafer
Mirror

EUV light
source
Patterned
wafer

Dry resist process flow: Precursor canister delivery, dry deposition, EUV exposure, and dry develop.




Unit Process - Litho

29l = (Resolution)

ArF immersion EUV 130m n D D
M (a) (b) (c)

EPL 100kev

pe Bragg's Law : 2dsind = nl

Light Source Name I-line —p KrF r— ArF

ASML (nm) (365 nm) (248 nm) (193 nm) l Zd — nA/San

KrF, ArF, EUV EUV AH|

(IHs), 2olis

Resolution — K - K : Process Constant

NA NA : Numerical aperture




Unit Process - Litho
High NA

A common NEXT EUV holistic platform: the vision for the coming decade
Ensuring >60 years of lithography by San Jose, San Diego, Wilton, Veldhoven, Oberkochen and Berlin

NXE 0.33NA

EXE 0.55NA 5000 5200 5X00 High NA NEXT

ASML

Common modos

B EXE D55 NA) spackc

Common source

HXE 0.75NA

INXE (D 33 NA) spocic

W rox o

Common source / bottom

EXEIl EXE NEXT
2028 2030 2032

o
N
o]

KrF, ArF, EUV
(Ig), =olls

Miniaturization: EUV Lithography Technology Challenges

Performance
Stochastic noise Line : LER, Pinching, Bridge
Pinching

S

Hole : L-CDU, Kissing, Missing
Missing
+ The number of EUV photons is only 1/14 compared to ArF at the same dose.
+ Photon absorption of EUV resist is lower than that of ArF resist.
+ These cause large edge roughness, resulting in one of the sources of
pattern defects.

Resist stack and etching co-optimization necessary
for realizing high productivity, precise control and low defects

SEMICON West 2022 IR Meeting / July 12, 2022




SF5 | Unit Process - Etch

@ APPLIED TEL

MATERIALS

Plasma Etch, ALE,
Selective Etch

PLASMA _r)

— _f
e —
neutrals electric field
ions = A 4

photomask




SF5 | Unit Process - Etch

PO

TEL

Plasma Etch, ALE,
Selective Etch




Unit Process - Etch

St=0FA 3 (Spin-on-carbon (SOC) Hardmask)

O|Mz| = HA 2 213 Photoresist Filme| SH 7t SfOFE Ol et Etch S0l A Photoresist?tS = Mask HE 2| 30| 0{2{%, Etch Masking MEEM = HE ApAICH CreH|
Hz=of ol iz L c.

Lithography

Photoresist
BARC

A!ﬁ% Hardmask

@) ARPLIED TEL Substrate

MATERIALS

Multi Stack Patterning BARC Etch Hardmask Etch Sub Etch

Plasma Etch, ALE,
Selective Etch

Target Other profiles

2’ PLASMA 7) Polymer
R o ek ‘\ (‘

i neutrals el ic fiel

'°"5\ < 1l

sl photomas Ca rbon'based (ACL)

Si-based (SiON)




(Plasma Enhanced Chemical Vapor Deposition)

Unit Process - Depo

PECVD

Inert Process
Gas Gas

Qll S5eRa

CVD, PECVD, ALD

1l

——-

RF Power

Heated Plate —

Film stack deposition

Increasing # of pairs requires
high productivity

Impact of defects
magnified

Non-uniform
layers

Uniformity Conformality

By-Products

Dielectric or Metal

ALD Process (Si0, Example)

Si Precursor

Si Surface

Word line fill

Lateral fill required

< Voids
in tungsten

Surface Smoothness




Unit Process - A A}

Defect & 7| (Inspection)

Metrology &
Inspection Mt ittt |

; £ B i g
e .
I SRR B
V| g5z
(o | 2 =
= 8 o ' -
355 R
4 2 bt 4 .:.
4 §E:8
S FFEEE S8 H
@) ARPLIER SEESEZE T
MATERIALS T - T

KLAER (a) LS-ADI (c) LS-AEI

AlS (Metrology) : CD, Depth, Thickness, OVL etc..

Inspire the Nex
Target Other profiles Defect Control and Patterning Control

T/y ) 4

Defect Control Patterning Control

Contact Line CD




Unit Process - A A}

Applied Imaging and Process Control Group

Metrology &

Inspection Process Diagnostic and Control Group Process Optimization and Control Group

SEMVision® [N PROVision® [y VeritySEM®

Defect Review [R5t eBeam Emerging 48 : eBeam CD
P= 2T " e A% L s
Metrology Il Metrology
@ AERHER

KLAER .
T, Defect Control and Patterning Control

Defect Control Patterning Control
1 RAEJ]

Enlight®

Optical Wafer i 1 Optical Mask |
Inspection S Inspection 3
t 'l

i =
|

Bridge Scralch Line CD Overlay /
placement
error

booeoooose

(AR R NE R R J

g
o
O
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Intro | HFE= X Workflow

Unit Process

8L 37 : Clean, CMP, Photo (Litho), Etch, Depo, Inspection & Metrology

At

@ OERKER

HITACHI
Inspire the Next

SCREEN APPLIED A!#Saﬂlﬂg W APPLIED
@ MATERIALS TEL @ MATERIALS KLAE
@ 6ERKER

Plasma Etch, ALE,

(RS Ta=
Selective Etch CVD, PECVD, ALD &2, E-beam

Slurry, Warpage

Defect Control and Patterning Control

PLASMA
e~
jons  neutrals " electric field
: <y

" photomask




OFX| ...

Unit Process

8L 57 : Clean, CMP, Photo (Litho), Etch, Depo, Inspection & Metrology

Inert Process

Gas Gas Gas1 flow, Gas2 flow, Gas Ratio, Pressure, RF Power, Temperature, Time etc..

| 1
|/ — i mmmmmm) Design of Experiment (DOE)

RF Power

Etch conditions

Time 02 CF4 AR Pressure Top power  Wafer power AFT AFT
(s) (SCCM) (SCCM) (SCCM) (Pa) (W) (W) Bottom (nm) Top (nm)

100 10 1000
1000

Heated Plate —

v
By-Products




OFX| ...

Unit Process

8L 37 : Clean, CMP, Photo (Litho), Etch, Depo, Inspection & Metrology

Inert Process 7|%I—-|l z:!ol IJ*I *Elaél DOEO" I:'I'I-6|-_I- Ol-aH

Gas Gas

b 2w o

— o O = -

RF Power Etch — Hard mask &%= (MEHH|), Parameter@ £ £, Gas
ratio0f| [HE & 5

Dep - ConformityE ?[3ll & SHOf dt=X|, EEot O] HHSS

= ' SH —
Heated Plate — : : QEEX| =

By-Pr;ducts H/W éﬁ . 9H :I'El— _I?l_%%% A"%_é_l'f

oLt BZ27|A Atastn
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Appendix

www.BANDICAM .com

& RESEARCH




