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FRBREEIZDLNT STRI

k (k) Dielectric Constant LEEEEE

Low-k Low Dielectric Constant EFER

RC Resistance X Capacitance BREBEDH
TSV Through-Silicon Via J)aAVEEET
ULK Ultra Low-k BIEFER

SAM  Self Assembled Monolayer Bt #EoFIE
MOF  Metal Organic Frameworks <£EHE#E &R
COF Covalent Organic Frameworks #¥H#HESEEHIBER

2D Two-dimensional Rt

3D Three-dimensional =Rt

loT Internet of Things T/ DA 3—FRYE
HBM High Bandwidth Memory = iR AT

GPU  Graphics Processing Unit H{GNEEE

OSAT Outsource Assembly and Test R ITIEREHE

SiP System in a Package BHHOICFYTE—DONYr—IIzF L D20
25D  Two-and-a-half-dimensional A >8—FR—Y EICFyvTEREL-HLD
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2004 fE#ACuU/Low-kBC#RDERRE

2005 “More Moore” —Cu/Low-kffl{t~DEZIYHRL ! | —
2006 WHHIEDFE#EBeyond Cu/Low-kDEE

2007 WEIEDFE#EBeyond Cu/Low-kDEE

2008 “More Moore ~ #&#i1E D iFE Bt ~ & ~More than Moore~DERA”
2009 7R SEHEMHIEDEIRIZHIFT

2010 MWMHIEDFEBEIRTERIE~DER

2011 WHEDOFEBMETSVERIE~ADESE

2012 CuBd{R DL R ETL—o R IV —E il

2013 CuBd{RDOHHILRE L TL—O R IV —E il

2014 #H#HIETL—O R I —EfiTEITRS2.0~D ER

2015 ECRETDBEE-RE-FRE: KYFBHMIZ. LYSBHRIC

More Moorelc¥19 AMore than MooreDEHE T INL AN B4 14 D 18 % Sy ik
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2015 EEHRE — 2]

2 C NSRS

130nm

90nm

65nm

45nm

32nm

More Moore; Miniaturization

22nm

Baseline CMOS: CPU, Memory, Logic

16 nm

{F hn{ifh {8 DB K
More than Moore: Diversification

EI AOFEHER

/\'7—7-1\4'1 — IMFALeY— RHBERGATY

Non-digital content
RAERESY 2 5D Interposer

RER(L—YF—, T2XE)
Information
Processing

~ HiInterposer
Digital content B 3D-TSV

System-on-chip Hom AR

(SoC)

14nm nodelA[n5timmMBcER L #T( Cu/Low-k, Airgap . post Cu)

T zepmEE ’

Source: http://www.itrs.net/Links/2012ITRS/2012Chapters/20120verview.pdf
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ITRS2015& 42 Summary — 12

O MPU/SoC

v" Metal Pitch: Mobile[]IFSoCOHHEL B K % S ik

v' Low-k Roadmap: AirgapD=EEE{LELow-k{EDIFiH% bk

v Metallization Roadmap: CuBZ#E DH#M{LHfiT. post CulEsdiz BN
v Process Technology: CufEapHzfiT. Low-kdDCryo EtchHfirZE0

O NANDAEY

v 2D-NANDODO#i{E A by 7% RBRL . 3D-NANDE#RZ &40
O 3D-TSV

v DRAMOEIRZTICEYFIRiZEH
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ITRS201582#52= MPU/SoC ——

Year of 1st Product shipment 2015 2017 2019 2021 2024
(Commercial Node (nm)) 14 10 7 5 3
Metal ¥2 Pitch (nm) 28 18 12 10 6
Number of metal levels 10 11 12 13 15
Wire peff(uQcm) 5.1 6.4 8.4 10.4 12.9
Barrier/cladding thickness(nm) 29 24 1.7 1.2 0.9

Interlevel metal insulator keff 26-3.0 124-2.8 2225, 2225 .1.9-2.3
k(bulk) 255 1.0255 1.0-255 1.0-2.4 -1,0-2.0

Cu diff. barrier and etch-stop 3035 2.6-3.0 2A420%6 - 924

bulk dielectric constant k

Red Lett.:Red Brick-wall

5lE#REMooreMERNICHEL VW IlIEEh B DS A, ROGEBIEEBDEKRITHEL,
—71 T, BFEHRCPHEMIRICEIZER LADREHRZAELOTIVS,

Work in Progress - Do not publish STRJ WS: March 4, 2016, WG4 Interconnects 9



ITRS2015E2 42 PitchZS:E meznma LD
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ITRS2015B2#82= Low-k LB meznma LD

4.0

ITRS2009 == == = Estimated by typical several
kinds of low-k ILD structures.
(ReferITRS2013 Chapter 7.2)

Values after 2022 will be set
after further consideration.
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2.5
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Manufacturable Manufacturalk
solutions exist, solutions

and are are know ‘Red Brick Wall
being optimized (Solutions are NOT known)
| |

1.5

Effective Dielectric Constant; keff
=
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Low-kdDfEimEAirgapiiti DO I KWigH K. REMICITEEIZM.
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ITRS201582#52= Flash — 12

Year of 1st Product shipment 2015 2017 2019 2021 2024
2D Metall ¥ Pitch (nm) 15 14 12 End End
3D Metall % Pitch (nm) 54 54 45 30 28
SO insmat;.r. ......................................................................................................................

QP Keft 4.61 4.62 4.62 End End
1 2.68 271+ 266"+ -End : End
2D Metal wire peff(pQcm) 8.5 0.1 10.4 End End
3D Metal wire peff(uQcm) 3.7 3.7 4.1 54 55

Red Lett.:Red Brick-wall

2D NANDIZ IV EFRE D S THM{EA ANV T,
3D NANDRECHRE Y FOKXIELEMZ 65T,
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ITRS2.0&5% More Moore meznma LD
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2.3 - 18
-—Cgate ——Rwire —— Cwire / I{— i
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Reference: Finfet Finfet Finfet Finfet Finfet Rir*Cwire 0.5*Rwire™Cwire
Planar Technology Architecture 1 Architecture 2 Architecture 3 Next Generation Next Generation
ol Source: Song (Qualcomm), VLSI 2015

Source: Terzioglu (Qualcomm), ICICDT 2015

RN RICLZERRIEMIBROZER B2 KXE<LEOTIK
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ITRS2.0&5%& More Moore

2015-16  2017-18  2019-20
Node Labeling 16/14 1110 8/7
Metal Half Pitch (nm) 28.0 18.0 12.0
Conductor Cu Cu Cu
_ Ta(N), Ta(N),
Barrier Metal Ta(N) Mn(N) Mn(N)
Alternative Transport
. : : SiCOH SiCOH SiCOH
IMD (inter-metal dielectrics) (2.55) (240-2.55) (2.20-2.55).

and k value Airgap (1.0) Airgap (1.0) Airgap (1.0)

ITRS;& &) B8 & @

2021-23  2024-26  2027-29
6/5 4/3 3/2.5
10.0 6.0 6.0

Cu, Cu, Cu,
Silicides, Silicides, Silicides,
Carbon Carbon Carbon
Ta(N), Ta(N), Ta(N),
Mn(N), Mn(N), Mn(N),
SAM SAM SAM

Collective Collective Collective
Excitations Excitations Excitations

SICOH SICOH SiCOH

(2.20-2.55), (2.00-2.55), (1.80-2.55),
Airgap (1.0), Airgap (1.0), Airgap (1.0),
MOF, COF MOF, COF MOF, COF

Moore® &Rl %€ 2= D TIREESE HIREILTL <
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ITRS2.0%5% Heterogeneous Integration STRI

ITRS;RENESE -
AMD Fiji: HBM(Via Middle TSV )+ 2.5D1 > & —FK—% ) GPU

. HIGH BANDWIDTH
MEMORY

4 First in the Industry with
High Bandwidth Memory
(HBM) Technology

4 3D HBM DRAM Die Stack
on Silicon Interposer

4 >3X Performance/Watt
Compared to GDDR53

4 >50% Power Savings Versus
GDDR5*

FijifiRIC 2 ->THDERE
-Collaboration internal & external to the manufacturing company

-Cost (OSAT and Product manufacturer)
SEROEMRE

ARLRATR—U AN BRINEBOZEE) TSVRPI2—FR—YHEELSh.
EELI=YINLETOL25 umEYFiES BEOBVLRIEA—FYYTHSE
-Eibs o a—R—YORYEESESLDE  {EREhS
EATRRICHTZHEBREDRE

- F A MFE RO
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ITRS2.0%5% Heterogeneous Integration STRI

ITRS;REIRGE -
A Potential Solution: 2.5D Photonic Co-integrated SiP

SiP: System in Package

TSV memory stack, direct
bonding interconnect,
serdes in controller

Large on-package
memory cache with
serdes in controller

ultiple voltage regulators

to match power delivery to
each componentto the work
in process

Electronics, Photonics

and Plasmonics on an DRAM Elash memory.

DRAM Flash memor
SOl Substrate DRAM Elash memor¥
DRAM Elash memory.
Memory.controller DRAM Power

Photonic engine CMOS logic MemoPR(':At\)'\(lltroller Controller

SICONISULSHAIEMITHTNISVANIETCONNECISIANURSTAVAVEGUIUES

ITYITIYIITITYYYXXIIIONX

Photonic/electronic Circuit Board

PCB with electron%

photonic signals with
embedded components
ERDESLFVTREEEREBRNCTI2XE=Y 7T M AICET Bl
A—R2Y7ADERKRHHY. BRT—F T INV—T DEBRHELLDDHS.
Photonic Consortium(iNEMI, MIT)EDBRAESERBIIRENS.
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