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More Moore, More than Moore -

More than Moore: Diversification

130nm
90nm

65nm

Information
45nm Processing

Digital content
System-on-chip
(SoC)

32nm

More Moore: Miniaturization

22nm

Baseline CMOS: CPU, Memory, Logic
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w.r.t ‘More Moore and More than Moore’

v It may prove to be more economical to build large systems v’ Moore= Transistor scallng HO |. ol ol_ LI EI_
out of smaller functions, which are separately packaged and

interconnected. The availability of large functions, combined Heterogeneous Integration 0" EH OH 0:" 7'1 Ol-
. . . . °

with functional design and construction, should allow the inl 91 =

manufacturer of large systems to design and construct a

considerable variety of equipment both rapidly and

v" More Than Moore EE = Beyond Moore=
A HHEst AU

economlcally Electronics, v38, n8, 1965

v’ Dr. G. Moore2| MZA4AX|H
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Data Traffic Growth induces Hugh Memory Adoption

ICT SystemOf| A 2] Data Usage2| &A ¢t 57| (Data Storage, Data Processing)

Data Traffic Growth

(Unit: ZB)
200

Open Al launches ChatGPT and
has crossed 1 million users
within one week of its launch,

Connected devices: 508
Number of SSD exceed HDD

Google launches 5G
Connected devices: 14B AlphaGo Zero Commercialized

Number of Mobile
devices exceed PC

Total Data 2012 2013 2014 2015 2016 2017 2018 2019 2021 2022 2023F 2024F 2025F
Volume

Source: IDC, Merrill Lynch, Morgan Stanley data
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Memory Explosion for Generative Al era - .

Al A% d%Ho]| S8 HBM Market = 24%E &

Al Semiconductor Market Size HBM Market Growth
PRECEDENCE ARTIFICIAL INTELLIGENCE (AI) CHIP MARKET SIZE, 2023 T0 2032 (USD BILLION)
RESEARCH .
(Mil USD)
230 $227.48 1,400
207 1,200 4
184 §175.36
161 1,000 -
138 ;
$135.18 800 -
115 §104.21
92 600 -
69
" 400 |
3 20 -
0
[ 2023 | 2024 | [ 2030 | ]
2021 2022  2023E 2024E 2025E 2026E  2027E
Source: www.pfecedenceresearch.com
Source : Trendforce, O|H| A E 2| M X| M E (23.5.31)
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nVIDIA’s H100 Al Accelerator SK hynix

SK Hynix HBM3

2.5D SiP
ChatGPT H/W (1GPU + 6HB

(8 X nV H100 Powering in Tool)
CHATGPT - HenE

: . i‘
® openA )\ / . B B & e
}

e L L]

B iiaaainnnizsansnnsnnsnnaanssnsss

TTW  2153A1
UBA603.L06 (e1

1st Supplier and
Market Leader

& O ::

nVidia H100 Tensor Core GPU
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HBM in Memory Architecture
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HBM=2 xPU2} Main Memory AtO[2| LatencyE 7HX|= M| 22|

15 Years Ago

Access Time (ns)

L1-L2 SRAM ‘che, @-DRAM e 1/ 10

L
A .o
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O High Bandwidth Memory

Provided Highest Bandwidth among existing memory and Highest Capacity per unit area

O Industry Standard In-Package Memory for High Perf. Graphics and HPC/Al Computing
Proposed by AMD & SK Hynix
JEDEC Test Group Started in 2011 : Architecture (JC11), Mechanical Spec (JC42)

World FIRST HBM1 released by SK Hynix (2013)
World BEST HBM2E/HBM3/HBM3E succeeded by SK Hynix (2019/2022/2023)

O State-of-the-art Packaging Technology Adopted

2.5D silicon interposer with micro-bumps

3D TSV and micro-bumps for DRAM multi-die stack (HBM)

© SK hynix Inc.
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2.5D SiP (System-in-Package) with HBM SK hynix

1) External : SoC PHY to HBM PHY interconnect across Si interposer
2) Internal (Memory) : Logic Buffer (Base) + Multi DRAM Die (Core) using TSV/Micro-Bumps

HBM SoC (GPU/CPU)

Si Interposer

PKG Ball

N > PKG Substrate

© SK hynix Inc. —
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HBM Application Yy, N

High End Graphics

High Performance
Computing (HPC)

Artificial
Intelligence (Al)

. Source : AMD, nVIDIA
© SK hynix Inc. L
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HBM €S -

Bandwidth, Capacity, Power Efficiency, Thermal Dissipation ZH §1ZE x| M5 02 2| M=

Highest Memory Bandwidth

DDR4 (x8) C5AGB/s e

GDDR6 (x32) 56 GB/s

HBM3 (x1024) 717 GB/s

HBM3E (x1024) 1024 GB/s

Highest Power Efficiency

DDRA4 1.0
GDDR6 082 .-

HBM3 033
HBM3E 0.29 cmmnneee _70%

Interposer
U‘l"l’""‘l"l’

Better Heat Dissipation (approx.)

AR

Reference 1.0
SK’'s HBM3 0.85

o =20%
SK’s HBM3E 0.77 <.
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HBM Ecosystem

HBM (Memory Maker)
Tool/Material Suppliers
"P W Acron
SoC (Foundr

SK Fynix

N

GPU (SoC + Foundry)
A

HBM (Memory Mafjer) i
HH

N |

Fabless/Hyperscaler

@ n
BROADCOM.
Processor

.5D SiP (Packaging & Test @ OSAT

2

AMD{1 Google  aws | |
Base/Logic Die — (R
taic  Gmkor

NVIDIA., =~ W™=

B¢ Microsoft 0QMeta hndeditbdbedndasbhad e by A tidadtbabdede
Silicon Interposer ﬁ | Cat
- W YT WY Y VR Y YRR YT Y VYYD RSV RSYSYFYWD
PCB Substrate e — — — % W
Si Interposer (Foundry) == T sccrow
Substrate ,
//wi v »lm\
IBIDEN % SHINKO B
e —_—
18
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I
SK,’;anX

Industry £[Z=, Z[11 A2 HBMS HEOF EA| &
X|£H9Ql 7|& §AlS £ HBM4 0| F Technology Leadership GX| Of| &

HBM Gen1 @2013
(2GB/1.0Gbps)

World 1%t
— ! MR-MUF
I - Rl (4/8Hi) Adv. MR-MUF
5 (12Hi)
HBM2E @2019
HBM2 @2017 (16GB/3.2Gbps) HBM3 @2022
(8GB/2.4Gbps) World 1 (16GB/6.4Gbps) HBM3 @2023
World 15t (24GB/6.4Gbps)
World 1%t

Preparing for Mass Production

Hats Off to Hynix: Inside Ist High
Bandwidth Memory

SK hynix Now Sampling 24GB HBM3 Stacks, g

S

SK Hynix An s 3.6 Gbps HBM2E M ory SKT e

Fo! ZOOIBTE F r Next-Gen Accelerators

SK hynix supplying the best
performing 16GB HBM3 D RAM'’ to
Nvidia

Py Jur 10, 2022 Korean Language

HBM3 24GB

Mass production in 3Q...Targeting premium market
Process 163 full HD movie within one second

“Vertical connection’ through 8 chips using TVS technology
Preoccupancy of leadership in supercomputer mem
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HBM - H'lgh Bandwidth? Yy, N
wE M| F (Power Efficiency), = 2=/ TtP| A2t T O] & X} EF L = (Bandwidth), AFE/2}H= (Capacity)
In Highway

4 Lanes X 256 km/h 1024 Lanes X 1 km/h

=t

Y= . 22

In Memory

4 10 X 256 Gbps/IO ]
810X128Gbps/I0 puEEm 10 X1 Gbps/IO
16 10 X 64 Gbps/IO
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HBM 1/0s vs. Conventional Package
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HBME &

Advanced Package 7|== E2 2 &

PGA (Pin Grid Array) BGA (Ball Grid Array)
*70s~ ’90s~
>1mm 0.4~0.8mm

Mold Compound  Die Attach Cap,  Fhemal Grease

Sl= Memory Package & 7}& %2 £9| /2|5 110 2 7IX|H 110f &25l=

MPGA (Micro-Pillar Grid Array) for HBM
2010s~
<0.1mm

Die Flip-chip attach Underfill

i

Eutectic Solder Ball Via Rigid Laminate Solder Ball

0000000

OO/GOOOOOOOOO
ic'sold

Multi-layer Ceramic Substrate

Wire bonding Flip Chip
Die Attach Film, Molding Compound, Flip Chip Bump (C4, Cu-pillar),
Thru-Via, Solder Ball Underfill, Multi-layer Substrate

© SK hynix Inc.
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2.5D SiP (CoWoS)

TSV, Micro-Bump, Interposer, Thin Wafer
Process, C2W Bonding, Wafer Mold
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HBM Package -

HBM KGSD (known-good stacked die) HEfZ M| B &0 >5K TSV, >165K Micro-bumpz T4

Logic Die TOpSlde Si

Base Die

Interposer

Side Mold

Package Substrate
- - - . - L . e - - -

HBM3
e 720um Z-Height, 11x11mm?

Top/Bottom View

« 7775 Base Micro-Bumps

« >5.6K TSVs

* >165K Core Micro-Bumps (Incl. Dummy Bumps)
» Exposed Si of a top die for thermal dissipation

» Side mold encapsulated surrounding DRAM core dies

« 8Hi/12Hi in Production (Top die height is only different) Base Die Bump TSV/Bump Joints

© SK hynix Inc. —
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HBM Package Process Flow SK Ty nix

TSV Bumping
) Silicon Etch (b) TSV Cu Fill c) TSV Cu CMP ) MEOL (Cu/Al metallization  (e) Front-side bump formation (f) Solder reflow
& pad opening)
Wafer Thinning Stacking & Back-end
e I — W :)
Carrier wafer Carrier wafer ier wafe Carrier wafer
(g) Temporary carrier wafer (h) Wafer thinning & TSV extrusic (i) Passivation CMP & () Backside bump formation (k) Carrier wafer debonding & () Chip to wafer
bonding & backside passivation TSV Cu Exposure Wafer sawing bonding & Molding &
Singulation

More details on C2W Stacking

Chip to Wafer Bonding

Carrier Debonding & Sawing Wafer Molding & Backgrinding

Core (DRAM) ”ﬁ””WHE>' A A E>[MMT\

. Iavawel LWL [ 1 10 | |
Base (Logic Buffer) - . [> SASAS; To o

© SK hynix Inc.
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HBM Package Technology Overview SK hynix

Wafer Support Systemil} Chip Stack 7|=0| 40|, £3| Chip Stack 7| =0| HBM W= S X}

40

m Via (TSV) Formation & »
() !’1
- Matured technology . 2
- High Stack X{-& [}2 TSV Depth 2t} A m Bump Formation . -ad

— | - Matured technology but Challenging

- Pitch Z2~/High Stack A{-& [}2} Bump Size O M|}

- g +8, ded/s20 HEY g

m Wafer Support System '/

- Critical and High Challenging Process

- Thin Wafer =7 Zt2 (Stress/Warpage 57}, Stack m Chip Stack/Underfill
2= 37t (Bump HY, Delamination/Warpage Handling)
[HE Issue =5 22

- Vendor Specific Process

.
- e
SR

Underfill | Bump Joint

- Critical and High Challenging Process (Quality, Cost/Productivity)
- CHE
I

J
o 1) TC+NCF (Thermal Compression Bonding + Non-Conductive Film)

2) MR+MUF (Mass Reflow Bonding + Molded Underfill)
3) Hybrid Bonding (Cu-Cu & Inorganic Hybrid Bonding)

Carrier

© SK hynix Inc.
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"
Future Challenges on HBM (Package perspectives)

SK

High Stack & Thermal (E&/7|%)

* High Stack Solution

- Thin Die Handling, Narrow Gap Filling
- Hybrid Bonding

o Jj
e g

*  HBM Thermal Dissipation
- Underfill @ = & 24}, Thermal Dummy
Bump & &, si & 5 7t/Gap Fill £ £ 22}

This material is proprietary of SK hynix Inc. and subject to change without notice./ Confidential

TSV Area Penalty (2 71/AY)

# of TSVs

X1.3
‘. H
TSV Pitch *
8
6.4
4.8
1 2.4 3.6

* Fine TSV/Bump Pitch
- Fine Pitch Bump &t =2 /42| d =t e
-Small Gap Fill 4 &=

Cost Competitiveness

s
X| =% 2l HBM Power & Bandwidth S7}0]| [2} Stack =/TSV 7l S7} 2 Thermal Issue 22}
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Why thermal issues in HBM? -

O HBM2| Thermal IssueZ} 825t 0| &

(1) Head Source : SoC, Base Die (Power increase as Bandwidth Increase)

(2) HBM Package XIA|2] Erat&E Hlsf 8 & : High stack, Polymer Underfill

(3) €0l F 2t Memory Device

: temp-dependent degradation (refresh)

PKG Substrate

O How can we mitigate thermal risk?

(A) Thermally enhanced HBM package (Standard) : Exposed Si

(B) HBM Package Optimization (Supplier specific)
COOL & QUIET OPERATION

: Thermal dummy bumps, High conductive gap-fill material O o /o——‘

Cooling Solution

(C) System Level Thermal Design

: Heat Sink / TIM Selection

Source : AMD
© SK hynix Inc. N
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HBM Chip Stacking Technology -

MR+MUF= &2 MA 1t Thermal Bump X8 2 2 Q13 Thermal Dissipation £ 2|3t 75

TC+NCF MR+CUF/MUF

Mass Reflow Bonding Capillary Under-Fill &7 0| = Over-Mold

NCF Working Mechanism @TC Bonding

223337

Pick and Place 0|%
Reflow2 L Joint E M
or e 2 J}H810f Jo1nt M, UPH | srows == om W T Gap-Fill 20| Mold 2H o2 &4E

Thermo-Compression(TC) Bondin
G e mp g ‘

C2W Stack

Si Carrier |

TC+NCF (Thermo-Compression + Non-Conductive Film)

MR+CUF/MUF (Mass Reflow + Capillary/Molded Underfill)

© SK hynix Inc. —
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Advantage of MR+MUF Technology y. s

TC+NCF CHH| & 22 £=2| Thermal Dummy Bump *{-&, MUF2| =

L=
HBMS| E4t= E/ 23}, SystemO| HBMS ECt StEHO 2 AL 7

GHE 0| 2of3)
s

J_?-.l,:...—'j:i‘j:i-_‘i' 120
| Average AT, = 14°C TC-NCF
@2.0Gbps (IDD4) # of thermal bumps: 1x

THEE N E NS N NN

115

110

MR-MUF
# of thermal bumps: > 3x

105

100

95

Junction Temperature (Tj)

90
85 —m e

80
Time (sec)

Test condition: Pin speed 2.0Gbps, VDD=1.26V, IDD4, Full Channel

Lower Junction Temp. (T,) by Improved Thermal Resistance (> 30%)

© SK hynix Inc. —
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Hybrid Bonding Technology for HBM Stacking

Structure estimation for HBM High Stack

A
Total THK: 720um
£ )
'§ /
s T -
(G} Chip THK = 55um
> | Gap height=15um [ | | = A S~
= | 2/ |/
Q | Chip THK = 32.5um | | \\\
S | Gap height =13um || %7
I
S L — |
| Chip THK = 34um ||
— Gap Height = Oum Product
Gap-fill method MR-MUF : MR-MUF : Hybrid bonding Gapless
Stack Height 8Hi (HBM3,HBM3E) | 12Hi (HBM3,HBM3E) 16Hi (HBM4) HB Back Pad
Bump Pitch 25um 22um <20um

© SK hynix Inc.
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Other Applications of Hybrid Bonding SK hynix

Logic-Logic, Logic-Memory S 0| Die M2, CMOS-Cell Wafer £ 7| = WaferE 23t X 1A 810 ME8l=
Z 2 Hybrid Bonding 7|= X & 7=

| Memory
wafer

Bonding
interface

| CMos
| wafer

3D Logic-Memory Stack
Die /8 0| = Die
CHE Application/7|= TSMC SolC, Intel Foveros, Samsung X-Cube YMTC Xstacking
1/0 Pitch T um Sub Micron
TS Ay 2w w2w
e g Micro Bump — Cu-Cu Hybrid Bonding Cu-Cu Hybrid Bonding

Source : TSMC, Tech Insights (YMTC X-stacking)
© SK hynix Inc.
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Why hybrid Bonding in LSI? SK

Micro-Bump LHH| Interconnect Density2| €l 7| X Ql 57}, Latency/Power Consumption Z4 7t5

I 1010 T 102
Technolo 3D-IC sodC SolC™ SolC™ Contact Gate PICE. (w] = o o
9 = - A — -1
% F2B FF |  F2B F2F LA 0§
] o 100 corc O/G’;n,ﬁ/o 0
& Gy -
Structure : SolC Bond SolC Bond g o 2X / 298 e
(Cross-Section) : TROLMHIIIH]- T T ] Z 106 a:ow(;g_,.,cz"‘{;" oo 102 5_;
! o 10° e - 100 5
Bond Density’ 1.0X 1.0X I 16.0X 16.0X PPN e 100 =
i : 5
Speed” 0.1X 1.0X I 3.7X 11.9X 103 M 108 =
Bandwidth Density™ 0.1X 1.0X I 59.7X 191.0X 102 ‘ : : : . : 106
= B E : S5 & S & 5 & S & &
ower Consumption | o ,
(Energylbit) 3.7X 1.0X I 0.6X 0.0SX ' Year \&6‘ # of vertical interconnect/mm
_____________ 3D Interconnect Density : (#:’::s) * (# v::::als yg*/' =I
* 3D-IC bump pitch: 36 um; SoIC bond pitch: 9 um * L

** Speed: 1/total wire delay; SoIC bond on top metal; *** Bandwidth Density: Bump Density*Speed

Source : Douglas Yu (TSMC), 1ISSCC2021

© SK hynix Inc.
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Thermal Resistance of HBM with Hybrid Bonding —5" hynix
MUF & Polymer 2%l OJAF22 2 %2 Bump/Pad DensityO| M= &2 X e B

Thermal Conductivity : Nit 1.7, Ox 1.4, EMC 0.8~1.2 W/mK

Bump density
20% Pad density
1 8% Pad density
20%
0.5
0

MR-MUF 8Hi HB 8Hi HB 8Hi

© SK hynix Inc. —
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Challenge of HBM Hybrid Bonding Technology Yy, s

Thin & Multi-Die Stacking0ll Hybrid Bonding M-8 A| &2 7|&X Challenge=0| US

————————e Bonding Pad T+ &

okl
rm
|.|-|
i
o
(O]
H-|

Roughness

b 8l Rounding
i Dishin Core Top
Core

Cu Core v" CMP Cu Recess / Dishing Control
core v" Surface Activation & Plasma Treatment

Base ® Particle Control

Jguuuuuuly

s 2699.799 5399.599 B099.398 1079949‘&!

v' CMP WIW/WID Uniformity (Passivation)
v Inter-stack topology

v Ad d Dicing Soluti
v’ Stack Void (Topology oriented) vanced Dicing solution

v Particle Cleaning and Inspection

© SK hynix Inc. —
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Power Delivery in HBM stacked chips -

Stack = 57} S0l 2|5 HBM LH2| PDN Issue= Z+E A3}, Bank Power TSV H{X| A] 7HM

[Maximum voltage drop on nets in full chip
|® W voltagedrop >=5.5%
[® [Wvoltagecrop < 5.5%
|® | voltagedrop < 4.6%
|® | voltagedrop < 3.7%
| W volsgesn < 2.8%
[® [ votagedrop < 1.8%
J! I votagedrop < 0.9%

[ : - - H w E ..... D ....... o o D ........ - ]
w [ o | = || = [ e
ove oA @ ove ove vl
[k4]
P PO R PV R v IR Drop causes tCCDL degradation
(e e s ¥ e v" Due to Bank Power TSV, More than 50% of IR drops are

diminished in IDD4W (worst pattern for Core IR Drop)

: =7|/ Bank Poy(ler TSV /5

/ Source : J. H. Kim (SK Hynix), ISSCC2018

BASE DIE

© SK hynix Inc.
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Power Delivery in HBM stacked chips -

Power TSVE| 7{+ZF S2| AL} SizeZ =& 8% PDN 7| 7t

Process =& Side Effect (Cost, Yield)0ll (2t M8 of & ZHH

12

11

Relative PDN Margin
'_'h

0.5

0.8
POR Increasing # of power TSV Power TSV size doubling

© SK hynix Inc.
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CXL as Pooled Memory Solution -

DRAM Channel $t4|, Power 352 2|¢t CXL (Compute Express Link) H 22| -2 0f 4

Memory Controller + CF&et HEJS| MemoryZ} 22 El HE|

- Server Node-Z

/
Server Node-A MEMO RY POOL

HBM HBM
HBM3/4 I/F
DDR5 I/F

Processor

MEMORY

MEMORY

CXL I/F CXL I/F

CXL
Switch

CXL Protocol

@PCle Gen5 MEMOR Y

MEMORY

-

MEMORY USAGES MEMORY
* Memory Bandwidth Expansion
« Memory Capacity Expansion DDR4/5, MDS, PCM ...Etc.

* Storage Class Memory

Source : Ho-Young Son (SK Hynix), VLSI Symposium 2022
© SK hynix Inc. S
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CXLO| M 2] Package 2R 7|& SK i

Low Cost 1 2ZF M| 22| Package S CXL 20 CHH| Tt Package 7| & =2 0|4

Bandwidth Solution Capacity Solution
= Flip Chip (SDP), 3D/TSV (DDP/QDP) E& = MDS (Managed DRAM Solution) 22 X7}, 1 8% ¥
» Parasitic Loading £| 2215 £l 5| E/d 2t = Wire Bonding2 0| &%t CIEt M=

\
‘ Memory

Chip |
L (Y (Y (Y (YY)

‘ mps_|
|
[ MDsS.
| |
[ MDS |

Sulpstrate

WAV OO0 OO0

Packaging Challenges Packaging Challenges
= Cost Effective 3D/TSV M & 7|= =  Longwire 7|2l £&/d X5} 6| 2
= DDP/QDP € (Dual/Quad Die Package) CH QF T+ = =  Cost-Performance Co-Optimization

© SK hynix Inc. —
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PIM (AiM) Application -

System LoadZS &0|7| £/8 Memory Intensive OperationS Memory &2 Memory =X £ 0| S

Process Unit + DRAM Cell O|F ZsF 1]

Host(CPU)-DRAM Host(CPU)-PIM PEN
§n DRAM §n «— DRAM
CPU/GPU | ______ > 2 memory CPU/GPU || = [ memory
o cell o « cell
______ O O
eon < — -
Interface Interface

X PU (Processing Units)
= 1/0 Speed, 2|F HZA2| Bandwidth S

= Power Efficiency ¥ d&

Source : Ho-Young Son (SK Hynix), VLSI Symposium 2022
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SK Hynix’s GDDR6 AiM with Lidded Package -

GDDR60GIl PU B Xl PIM 7€, 7|E C{H| X8 ™ 2 &, X10 § g ol
Power 372 M 2& PKG Thermal Solution 22, M| 22| £|=X Lidded PKG =&

GDDR6 Based AiM (PIV) Over Mold Type Lidded PKG
“A1ynm 1.25V 8Gb, 16Gb/s/pin GDDR6-based Accelerator-in- Flat LID
Memory supporting 1TFLOPS MAC operation and various activation _ \ \
functions for Deep Learning Applications” (ISSCC 2022) Structure GDDRG6 fuy GDDR6 SDDRCIPNNIGRDES

96°C
Sim. IEQ
Speed 16Gbps 20Gbps
0JC 1.6 C/W 0.5C/wW
Measured Tj 0 9
(@ATE) 100°C 94°C
Remark EMC (k=3.0W/m-K) t (LID 0.3mm, TIM 0.08mm)

Source : Seungju Lee (SK Hynix), 1SSCC2022
Ho-Young Son (SK Hynix), VLSI Symposium 2022
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PIMO|| A 2] Potential Package Architecture -

Expanded Memory-Intensive Operation 7812 £/t 0|2 PIMOIA 12{sHE = U= e HER (Example)

A =
o ) DRAM
> Oy Dl = memory
CPU/GPU || 2 memory CPU/GPU | | g e
= -
S] cell o
O
<4+ - +—
Interface
Interface
\AAAEAEAEEEEX
Power Efficiency X8 Power Efficiency >X15
Performance X10 Performance >X10
Inference Only £ (ex. Training)
Flip Chip PKG 7|& &8 DRAM - PU Z} Interconnect = 23 OI&EIH MZ2

SEf 2| Interconnect, Packaging 7|= % 2

Source : Ho-Young Son (SK Hynix), VLSI Symposium 2022
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Heterogeneous Integration0| A|2| Advanced Package 7|=2| &g k

Zt7t2 O|240ll 170 Count2t Bandwidth SHA|of| S%tet A

4 A
A Horizontal
(Heterogeneous)
: /’
Vertical ,/
(Homo/Heterog

O Sneots Revolutionary
< .
o (Heterogeneous integration
(a - 2.5D Fan-out/3D TSV)

Evolutionary

(Memory stack

[lﬂr_]ﬂ; — 3D-TSV/hybrid bonding)
>

Source : Ho-Young Son (SK Hynix), VLSI Symposium 2022
41

* PPACt(Performance, Power, Area, Cost, Time to market)

© SK hynix Inc.
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3D Integration 7| =

SK hynlx
s
7|l 2F =50 U2} Architecture (0|5 Die &2 Device %), HZS WAl (C2w/W2w) S &

|_PEPI Die

3D Logic-Memory Stack

Core (Cell) - Peri Stack

Die Tt/ 0| = Die Die =& 0| & Wafer
CH & Application/7|= HBM TSMC SolC, Intel Foveros, SS X-Cube Nand ISS, XtMICH DRAM
1/0 Pitch Min. 22um Min. 6um Sub Micron~= um
- C2W (HBM Base-Core)
M= dE C2w wW2w
S BH W2W (HBM Core)
ey . Micro-Bump (25~30um)
ek Mat l M -B 20~50 , Cu-Cu HyB Cu-Cu HyB
ateria icro-Bump ( um), Cu-Cu Hy Cu-Cu HyB (6-9um) u-Cu Hy
H| 21 Pitch= HBM3-A X & 7|& Foundry 34 H7| DRAM Speed $HA| CHH]|
© SK hynix Inc.
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2.5D Integration 7| = - .

T8 Weko| Die-to-Die H& 7|=E Si Interposer, RDL Interposer, Si Bridge & &&

HBM-xPU (SoC), SoC-SoC Integration0l| &

Si Interposer Based RDL Interposer Based RDL/Advanced Sub + Si Bridge

Substrate

O OO O OO OO O O O O

PCB Substrate j PCB Substrate
BGA

(+) Matured Technology (+) Lower Cost and Eco-Friendly (+) Enhanced S| Performance

(Widely Used) (+) Enhanced SI Performance (-) Highly Difficult in Process Integration
(-) High Interposer Cost (-) Looser Design Rule than Si I/P
(-) RC Delay by Si Sub (-) Technology not matured

(-) CoW Warpage

Source : TSMC/Intel Website, Semiwiki.com
© SK hynix Inc. o
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=2 M2l 2.5D/3D Integration 7| = L NI

Piusinig intel)

* InFO (Integrated Fan-Out) + ePLP (Panel Level Package)
. InFO, -M, -0S, -LSI, -SolS

2D
(AP Only, AP+PMIC)

+ CoWosS-S * |-Cube S, H-Cube
Si Interposer == Emﬂ:ﬂ_
e
2.5D scs s
Logi
(Logic + - CoWoS-R, CoWos-L - I-Cube E - EMIB, Co-EMIB
HBM) RDL |nterposer EMBEDDED MULTI-DIE INTERCONNECT BRIDGE (EMIB)
/ or Substrate

* SolC + X-Cube « FOVEROS,
: Foveros, -Direct, Foveros-Omni

3D
(SoC+S0C, SOC+SRAM)

TopLogic

Source : TSMC,
Samsung, Intel Website
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Consideration on Beyond Memory Solution - .

L
o
=
]

| 22 MemoryZt MEH SRS AN, 7HIHS 2ol = B2l 372 I2517] $I3 SolutionO]

[ —]
S&g Z10|H, Advanced Packaging 7| =2 O| & +teisl= E+ 2471 & AY

Present Future

1. Scaling Limitation of SRAM
H1-L2 SRAM C“"‘Che’ e-DRAM _ SRAMI} HBM AFO| 2| Gap Filling Solution

2. Opportunities of CXL, PiM

- Memory offloading, emerging interface ! 2

3. Memory Controllers| 524 S7}

- Application2| S 7} (Design resource)

- Leading Tech Node & &0 [} Cost Adder
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Beyond Memory SolutionS /¢t Advanced Package 7| &€ - .

Memory= =0{ 2.5D Fan-out Packaging, 3D Hybrid Bonding 7| %} Heterogeneous Integration 7| 22| =%

Scaling Stacking wmv

v

0ISERNAVISES S

Fan-out 7|% =3 ®Z — Chiplet, SiP 7|&

Memory Centric 8= & Solution
High-End 37 % Memory Device 8t7 S &

RSiesies )IES qli=d;

TSV 7|4t Memory & 3E - Hybrid Bonding 7|=

Bandwidth, Capacity Scaling = Cl{ =}
Thermal Performance, Power Efficiency =CH3}

0

Nth Die
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Thank you
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/2;/ better tomlorrow

For further questions: hoyoung.son@sk.com
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