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mMecsueB ( )



[InHamuka yMmeHbLUeHNS
TONOJIOrNYECKNX pa3MepoB
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MOSFET skBuBaneHTHaa anekTrpmyeckasa cxema
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2X bitcell area
scaling

90nm 65nm 45nm 32nm
Improved fidelity / uniformity
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XapakTEpUCTUKHU 32 HM TPaH3UCTOPOB

NMOS PMOS

Intel Intel
45nm 32nm
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32 HM padpuKku

Fab 32 Arizona - 2010 Fab 11X New Mexico - 2010



22 nm test structures
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Intel: 9BosnoUNIO TEXHOIOMNMN

Process Name
Lithography

1st Production
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T T oeveiopmen: 3

[TOCTOSAHHLIN MOTOK HOBbLIX TEXHOMNOIMMN U3 cdoepbl NccnenoBaHUm B cepy NponsBoacTea



Unwavering Commitment to Invest in
R&D Pipeline
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Intel — Koonepauna B uccrieoBaHUAX
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http://externalprograms.intel.com/sematech.html

HoBasa nHnumaTtuea:
450 MM KpeMHUU




Normalized CPU Performance
Normalized Media Access Time for 20K Read
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Knto4yeBoun BoNpoc

« 1000 000 000 (MmnnnwnapAn)
TPaH3UCTOPOB Ha CTOSE:
KaK UCronb30BaTb BCIO 3Ty
MOLLb?




HoBble HanpaBreHnsa

HeTtbyk /
HeTton

BcTpoeHHble
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Embedded Devices




OCHOBHBIE TEHACHIIMH MOJYIIPOBOAHUKOBON HHAYCTPUHA

e 3akoH Mypa npogosnkaeT OencTBoBaTh

e PocT cToMMocTu pa3paboTKn HOBbIX TEXHOSIOMNN U
MaTepuanoBs, a TakKe 3aTpaTbl Ha cogepxaHue
dabpuk pacTyT.

« [lpounsBognTeNbHOCTL Takke pacTteT. OxungaeTcs
CKayek npu nepexone Ha 450 MM NnacTUHbI

Kak pesynbTar:

« Pa3soeneHue KomnaHuu Ha “fabless” u “foundry”

* Qutsource ocHosHbIx R&D

o [lugbgpepeHuyuayus 3a cyem passumus software
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[Tpobnembl nutorpadpumn



AJINHA BOJIHbI
nutorpacpun

193HM

BbicokoanepTypHas
JINH3a

OPC

®a30Bblii CABUT
Macka




[NlnkcenbHasa pa3oBas Macka

SEM Picture of Cedarmill MT1 resist
Pattern from Pixelated Phase Mask

Atomic Force Microscope Picture of Pixelated
Phase Mask
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OnTuka oTpaxeHnAa nagetT Ha CMeHy OINMTUKe npeJfioMJieHnNA

npo3payHbl
ona 13.5 Hm

MHo2ocnouHan
Ompaxaowan

®oKkycupoBka







Extreme Ultraviolet Lithography

Intel EUV Mask

Philip bta source Photoresist Development Nikon EUV1 printed wafer

Continued progress towards EUV implementation




NnTorpaduna ganbsHUM
yNbTpadouosneTom




MiIMMepcmnoHHasa nutorpadous

Physical interaction

Temperature
Evaporation

Immersion (Scanning motion) | Contact angle ‘ Immersion Hood '
liquid (water) _, Water

(index = n) Y :
_ TC/Resist +wafer

Fluiq LastLens Tank

Element

Mirror Inlet

CD-variations

Overlay variations

i %/- Defectivitv
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B2

Vacuum
Fluid
Replenishing
Hole

Pump Thermal  Filter Drain
Control

Immersion lithography: $30M!!



[Tpobnembl UMMEpPCMOHHAS
nMTorpaum

OuyeHb OonbluMe (aoporue) NUH3bI

NMpobnembl ¢ rMAPOANHAMMKON N MEXaHUYEeCKUMU
nepemMeLlleHNAMHU

O6pa3oBaHue Ny3bIPLKOB B XXMAKOCTU B NpoLecce 3KCNo3nuum

Bce BUOpauumn pacnpocTpaHATCA Yepes XUAKOCTbL U nepeaaroTcs
NIMH3aMm

HarpeB (HepaBHOMEpPHbIU) XXUAKOCTU B NnpoLecce 3KCno3muumn

BO3HUKHOBEHME HOBbIX MEXaHU3MOB BO3HUKHOBEHUS ,EI,E(*)EKTOB Ha
nnacTtuHe

B3anmoaencTBume pe3ncTa € XUAKOCTbIO
3arpsisHeHue XNAOKOCTU

AdhbekTbl nonsipusauunmn, CHUXKeHMe KoOHTpacTa



J/IBOoMHAA 3KCNO3UIIUA

B BARC cpen B BARC deposition B BARC open
® HM1 open B 2™ PR printing B HM1 open
B PR stripping B PR stripping




32nm Line/Space Array
made with
128nm Pitch on 193nm dry litho

B
4 B 3 - o oy \
= By = .

z = B & L &

: = ? B
. . x 1
g - - -4 o
- - < ) S > )14 -
o = ~ > B =1 b 3
= . : 8 = . (- §
. . 3 l s U . M
. - > N o o
. X r . - ~ & . I %
. s - & N
: . e . - 1 -
% . . - > = . .
- . Y . T
. s - - i ; :
* 5 : x . T s
3 -
' . g ~ - 5
g ~ S » S |
p 2 - . -H ! 3
3 - ) ~ . -
. < 3 . i i -
: £ - - -
e - = x .. ' A
< . - 4 > . i
. Y . ¥
. - - » < 3 = :
3 3 & X - : e r:
S - - s : ? -~ &
N s v “ : ) &
i K3 = < >
- = - 5 . g - 4
- : 3 b4 - p 4
. 8 5 -
. : > -
> - s r s .
S & € N A 2 2
- 3 > -~ < : .
. . : - ¢
- - » - R -
- 3 - : - 3 { -
. “ - - v ~ X >
B . - J & ".
Y S L . -~ . J
o B A z >
- = ' ’ -
P = - g A 3
< L . % p
* - T > - .
: . B 3 3 :
24 B < : 2 ¥ . 3
' & . - ¥
- 3 = v S ’ : X
N » - !

Line Edge Roughness
1.5nm

LI




----0-08-? 'll]

|'n'|'|

SEM of 11nm node SRAM structure (22nm half-
pitch) demonstrates scalability of SADP

technology. (Source: Applied Materials)
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Main LER Related Yield/Reliability Implications

Device threshold voltage
variability, short channel
effects and associated
issues

e Device reliability

e Device-to-device
performance variation

o Off-state leakage current -
the major contributor to the
total Fower consumption
mostly due to shorter
gates.




Imprint lithography
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OCHOBHbIe Npobrembl

HoBble HeNMHeNHbIE OTOPE3NCTLI AN
OBOWHOI0O 9KCMOHUPOBAaHUA.

HoBble pe3ucTbl ansa EUV
CHuxeHune ELR
[loBbILLEHME KBAHTOBOIO BbiXxoaa!

AQeKBaTHblIE MOOENN NPOLLECCOB HA BCEX
TEXHOJOMMYECKNX ctagnusix

HoBble nonumepHble MaTtpuubl ans rCEL
Ha 193 HM.



[TpobnemMbl yMeHbLLIEHUS
pa3MepoB TPaH3NCTOPOB



KpemHum pabotaet 4o 10 HM!!

90nm Node
2003

45nm Node
2007

50nm Length
(IEDM2002)

N ol T 32nm Node
nm Prototype . & A
(IEDM2000) T a 2009 22nm Node
20nm Prototype 2011

(VLSI2001)

15nm Prototype
(IEDM2001)

Increasing leakage 10nm Prototype

(ITJ 2002)
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[lyTn pa3BuTua noneBbIX
TPaH3UCTOPOB
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In,,Ga, ; ASs QWFET na kpemHuun

n~*-In, ..Ga, ,-As contact  : 20 nm In« &;G% rAs cap 13\'er
InP etch stop S ain

InP etch stop -G nm

In; ., Al 4 As top barrier

j 8| In, AL As top barrier S0UH
In Al_As zraded buffer (x=0-0.32): 0.7-1.1 pm

GaAs nucleation and buffer layer: 0.3-2.0 pm
42(100) Offcut p-type 51 substrate
- - mn- In., Q.-\l., “As bottom baxner
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In,,Gay; As QWFET Ha kpemuuu

e 300K
o 77K
1000

1.2 1.6 2.0 2.4 2.8 3.2
Composite buffer layer thickness [um]
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MeTannusaumsa v
Low-K AnanekTpukn



CTpyKTypa COeAUHEHNIN B Ynre
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MexcoeanHeHunsa (metTannu3aumng)
~ CTaHOBATCHA Bce bosiee CNoXHbIMU

e O cnoeB MeaHbIX coeanHeHnn gns 45 nm
TEXHOMOMNMM

 Low K AManekTpukn onga CHUWXeHus notepb




MacLtTabnpoBaHne mexcoeanHeHum

Cu conpoTtuBneHue

0.05 0.15 0.25 0.35 045 0.55 0.65
Copper cD (um) Source:intel

o OPpdPeKkTMBHOE CONPOTUBIIEHNE BO3pacTaeT n3-3a:
— PaccesHuna Ha rpaHuuax
— PaccesiHne Ha NoBepXHOCTU



MopaenupoBaHue paspbiBa

Cu/Cap Interface diffusion
Cap

xSurface diffusion
dary

f
)
4‘ Cuw/Ta Interface di

Electron flow




Cu npoBoaa

60nm top

30nm bottom
Cu filled via ‘

o CHM>XeHue ToNwmHbl 6apbepa



Why Low-k Dielectrics?

« Reduce RC constant Cu ﬂ
without reducing size W . W-
I
. R  metalinterconnect LRARSUEERLK W-

minimized with Cu Finished Device

e C dielectric

need low-k



Required Properties of Low-k Dielectrics

good adhesion to no material change
: : low thermal
k<3 and isotropic | metal or other . ) when exposed to
. . expansion/shrinkage o
dielectrics standard chemistries

environmentally
safe

stability
(low brittleness, | high thermal stability | no metal corrosion
crack resistance)

high breakdown
voltage

commercially
available

low leakage : : high thermal <1% moisture
uniform thickness

- . low cost
current conductivity absorption

high reliability low solubility in water

low defect density




Low K gusnexTpuk

* llytn ymeHbIICHUS
JTUDBJIEKTPUYECKOMN IIPOHUIIAEMOCTH.

— llopucTbeie MaTepualbl
(peryJsipHbIC U HEPETYISIPHBIC)

— BrirroueHne METUIIBHBIX TPYIII

— Hosrle mommeps! ¢ low K

Zeolite
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k value




BbiBOAObLI

* KpeMHuneBble TEXHOIOMMU ABNAKTCH OCHOBHbLIMU
B COBPEMEHHOW NonynpoBOAHNKOBOW TEXHOOMMA
n B bnmxxaniwume rogbl 3akoH Mypa coxpaHuTcs
Kak MMHUMYM o 2015 roga.

e [lomkHbl co3gaTb HOBble OTOPE3NCTLI AN
OanbHeWuLwero passnuTuUsa NonynpoBOA4HUKOBOW
NHOYCTPUMN.

* l/lcnonb3oBaHmMe HOBbIX MaTepmranos U
TEXHOJIOTNN ABNAETCA KPUTUYECKUM a1
NPOAOJIKEHUSA MacLUTabupoBaHUS
MEXXCOeaANHEHUN.



PacwupeHue rpaHuvy 3akoHa Mypa
MeaununHa n KpeMHMEBLIE HAHOTEXHOSOMNK

Trzinsistor for _
OONMENGHE INHUENZ2AVILUS

SOUNCEREE

SOUrcCeERINte!l



CeHcopbl eANHNYHbIX MONEKYIT
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PacwupeHue rpaHuy 3akoHa Mypa
Me,EI,VILI,VIHa N KpeMHneBbl€e HaAaHOTEXHOJ1I0IMNA

. Byoniorna Meaniaa
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Kakune BoamoxHocTtu nocne CMOS?
-Pe3oHaHCHO — TYHHErNbHbIE NPUOOPLI
-KBaHTOBbIE KIETOYHbIE aBTOMAThI
-AnbTepHaTuBHaga noruka:

CMMHTPOHMKA

npmnbopbl ¢ a3oBbIMU NEpPEXOdaMu

dOTOHHAas Normnka



BbiBOoabl

3apsa0oBble BblYUCIIEHNS UMEIOT QHEPreTUYECKUM
npenen n MOSFET goctaTto4HO B6/M30K K HEMY

Heobxognmo nckaTb anbTepHaTUBHbIE METOAbLI (HE
3apaa0oBbie) BblYUCIEHUN

Takue anbTepHaTMBbI AOJTKHbI MO3BONATh
MacLwiTabmnpoBaTb NPUbOPbLI 4O MEHBLLUMX Pa3MepOB,
TpeboBaTb MEHbLLYIO SHEPIUIO HA NEPEKITIOYEHNE U
ObbiTb 6oiee «bbICTPLIMUY

CnUHTPOHMKA, OPOUTPOHMKA U ANEKTPUYECKME
ONMONKn ABNATCS Hanbonee nepcnekTUBHbIMA
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