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78 1% & (Dielectric Constant) ; F4#& /& (Gate Dielectric) 3 F 3% (Tunneling) ; F3k
R 1L/B B & (Effective Oxide Thickness, EOT) * £ /& A& (Metal Gate)
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R TESFMEE » EOT) ¥ EEEIR
£ o —AGEIHIMBEHVEF{E A Power(Power
Dissipation)xTime(Delay Time)xSize(Die
Size)SRIERIEE » MLRIFER/] » (UK
EREWEEHLT - FRMULEESizeBYERD » 1€
RSB ECostVERNR » BEEITHRIE
WEEE IE BRIV EPowerxTime Y3 TE
18 - HRE S M EMEERE TR I HE/)
DIRREVI/KES » HEB{ERVEBE 05— AT
7N ©

5 —F13s - SR IHE/ NI A
REEZEBRMEESBEMIEHRT - £EERE
#E/VEINh - RERARIR - BHTH
ST EFEDRESHNE - MEESEISHE
IRV - BEFIMEEFT GIERRES
BEHEIVMENGS - THEHEIIREFE—1E -
FTLUTHRIHEN\BVEE - BRI B Cost
N FLEIRFATTIHERRIIREE - LEHE
HEEBSHE/NRINRER - BIE » FHEHE
{EEEEEOTHEEFEZLY - 559 » FiiT
HERFOZRER - BT REIREE BB
AV BEAEE L@ E B 3 5YIR H s I =0
Rt - IR EEELDVERE - 2L
IRFARARESE - G IIREEE & EEH
FHIIEHIRETD -

Rl A% &40 2 B E #5 J- FF
& B& 69 B K,

EOTHYEREZE1.3~1.6nm » MIKIIZR
(Low Power)#E#E B IREOTHVEE R 3
FEZE2~2.4nm ° FATM - LASIO B ETEHVR
WMEE  EEHEERZEN—EESE
i & = 22RO PEE ¢

1. S bEEEE RO RIAE YRS

2. FRREM : EMRIAETSE » B
E RSO, TSiEd0R 3 2 Hny S5 FE At
KEFIET~-SANEE (BIREEBPELKY
£10~12A) » FALASiO HIEEBRENZ
It - RUEFEEOTFRRERBIEIT » Sio i
AEEA - L2l > Sio, IS —ERIZ
BiREEInterfacial Layer » ltbInterfacial
Layerf2 -3l Sio YRR B EAFE 1S &E
SIOHHE+ DS - ESi0,BEEE
3nmPA TN » EEZEEFERWE (Direct
Tunneling) EE S &L EREHT - TS
AR KBYIRER (E—) » EHRES
SiO, BIXTFHBVEEBIR -

73 3 AEfERoadmap i EOTHYEE K B
B, REESIO B MRER - FTIASNTE
REERIRA RIS B EE N ORI
gg, °

RAsZ 69 BB EH K

BESRFTRAIR ST /B A2 489 5| 3 S o 5%
% FLLERIRTTH BB BRI E T

Eu0 Lt o TLIFRRHEBUSIERETE IR I (a8

5288 » EOTERIE Constant V Scaling|Constant E Scaling
SEBEH - BB Co=ortor K K

2001 EFEITRSHY IdZWC“/L(Vgs'VT'1/2Vds)vds K 1/K
Roadmap (¥03= C=¢g WL/t 1/K 1/K

T NFEFE) - T=CV/1, 1/K? 1/K

2001 F & W HE P=LV K /K?
(High Performa- B =E/WD) K’ 1

nce) R EREE IR P’x t Product K 1/K
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Year fot Production 2001 2002 2003 2004 2005 2006 2007 2010 2013 2016
DRAM 1/2 Pitch (nm) 130 115 100 90 80 70 65 45 32 22
MPU/ASIC 1/2 Pitch (nm) 150 130 107 90 80 70 65 50 35 25
MPU Printed Gate Length (nm) 90 75 65 53 45 40 35 25 18 13
MPU Physical Gate Length (nm) 65 53 45 37 32 28 25 18 13 9
Physical Gate Length
High-performance (HP) (nm) 65 53 45 37 32 28 25 18 13 9
E:i“;;;f’g;‘f;fﬁg’fr‘:; g‘(‘;]f)n;f;) 1316 [12-15 | 1.1-1.6 | 0.9-1.4 [ 0.8-1.3 | 0.7-1.2 | 0.6-1.1 | 0.5-0.8 | 0.4-06 | 0.4-0.5
Gate Depletion and Quantum Effect
Electrical Thickness Adjustment 0.8 0.8 0.8 0.8 0.8 0.8 0.5 0.5 0.5 0.5
Factor (nm)
Tox Electrical Equivalent (nm) 2.3 2.1 2 2 1.9 1.9 1.4 1.2 1 0.9
Nominal Power Supply Voltage (Vdd) (V)| 1.2 1.1 1 1 0.9 0.9 0.7 0.6 0.5 0.4
Nominal High-performance NMOS
Subthreshold Leakage Current Isd 0.01 0.03 0.07 0.1 0.3 0.7 1 3 7 10
Leak (at 25 °C)
Nominal High-performance NMOS
Saturation Drive Current Idd 900 900 900 900 900 900 900 | 1200 [ 1500 | 1500
(at Vdd at 25 °C) (LA/pm)
Required Percent Current-drive
"Mobility/Transconductance Improvement” 0% 0% 0% 0% 0% 0% 0% 30% 70% 100%
Parasitic Source/Drain Resistance
(Rsd) (Ohm-yin) 190 180 180 180 180 170 140 110 90 80
Parasitic Source/Drain Resistance (Rsd
Percent of Ideal Channel Resistanc(e (V)dd/Idd) 16% 16% s % B2 B2 2% i 0 %
}(;arasmc Ce{pacﬁance Percent of Ideal 19% 2% 24% 7% 29% 3% 7% 31% 36% 1%
ate Capacitance

High-performance NMOS Device
{ (Cgate*Vdd/Idd-NMOS) (ns) 1.6 1.3 1.1 0.99 0.83 0.76 0.68 0.39 0.22 0.15
Relative Device Performance 1 1.2 1.5 1.6 2 2.1 2.5 4.3 7.2 10.7
Energy Per (W/Lgate = 3) Device
Switching Transition 0.347 | 0212 | 0.137 | 0.099 | 0.065 | 0.052 | 0.032 | 0.015 [ 0.007 | 0.002
(Cgate*(3*Lgate)*V/2) (fJ/Device)
Static Power Dissipation Per
(W/Lgate = 3) Device (Watts/Device) 5.60E-09 |6.70E-09 |1.00E-08 |1.10E-08 [2.60E-08 | 5.30E-08 [ 5.30E-08(9.70E-08 | 1.40E-07 [ 1.10E-07

Manufacturable Solutions Exist, and Are Being Optimized

Manufacturable Solutions are Known

Manufacturable Solutions are NOT Known

K= ARDIZSRRIR B 2 7 KA

Year for Production 2001 2002 2003 2004 2005 2006 2007 2010 2013 2016
DRAM 1/2 Pitch (nm) 130 115 100 90 80 70 65 45 32 22
MPU/ASIC 1/2 Pitch (nm) 150 130 107 90 80 70 65 50 35 25
MPU Printed Gate Length (nm) 90 75 65 53 45 40 35 25 18 13
MPU Physical Gate Length (nm) 65 53 45 37 32 28 25 18 13 9
Physical Gate Length
Low-operating Power (LOP) 90 75 65 53 45 37 32 22 16 11
Equivalent Physical Oxide Thickness
for LOP Tox (EOT) (nm) 2-24 1822 162 |14-1.8 [1.2-1.6 | 1.1-1.5] 1-1.4 | 0.8-1.2 | 0.7-1.1 | 0.6-1
Electrical Thickness Adjustment
Factor (Gate Depletion and 0.8 0.8 0.8 0.8 0.8 0.8 0.5 0.5 0.5 0.5
Quantum Effects) (nm)
Tox Electrical Equivalent (nm) 3 2.8 2.6 2.4 2.2 2.1 1.7 1.5 1.4 1.3
Nominal Power Supply Voltage (Vdd) (V)| 1.2 12 1.1 1.1 1 1 0.9 0.8 0.7 0.6
Nominal LOP NMOS Sub-threshold
Leakage Current Isd Leak (at 25 °C) 100 100 100 300 300 300 700 1000 3000 10000
(nA/pm)
25,';‘:;‘ %ﬁ"(j ‘;‘fdsafg‘;‘?g‘;’("u‘j;;f;) 600 | 600 | 600 | 600 | 600 | 600 | 700 | 700 | 800 | 900
Required Percent Current-drive
"Mobility/Transconductance Improvement” 0% 0% 0% 0% 0% 0% 0% 10% 30% 0%
LOP NMOS Device
{ (Cgate*Vdd/Idd-NMOS) (ns) 2.55 245 2.02 1.84 1.58 1.41 1.14 0.85 0.56 0.35
LOP Relative Device Performance 1 1.04 1.3 1.4 1.6 1.8 2.2 3 4.6 7.2
Energy Per (W/Lgate = 3) Device
Switching Transition 0496 | 0.424 | 026 | 0.193 | 0.128 | 0.094 | 0.069 | 0.032 | 0.015 | 0.006
(Cgate*(3*Lgate)*V~2) (fJ/Device)
Static Power Dissipation Per
(W/Lgate = 3) Device (Watts/Device) 3.20E-11 [2.90E-11[2.10E-11 |5.20E-11 [4.10E-11 |3.30E-11|6.00E-11|5.30E-11 |1.00E-10 |2.00E-10

Manufacturable Solutions Exist, and Are Being Optimized

Manufacturable Solutions are Known

Manufacturable Solutions are NOT Known
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Gate Current Density (A/um?2)

BRETIEE - KN EBTIIRIEEES
ER

1. FME(LIEEE (Effective Oxide
Thickness, EOT) ;

2. T E AR EEIH 8 E (Dielectric
Breakdown Electric Field)

3. /&M (Leakage Current) ;

4. B FFBENZR (Carrier Mobility) 3

5. F 1B e % & B 'R #3 (Flat-band
Voltage Shift) :

6. T E (Hy steresis)

7. OI§EE (Reliability) ;

8. FTHV=E FHFE(New Phenomenon
of Quantum Mechanics) °

EOTHYZE KB -/ \RELS » ¥IHREIER
BVIEREAHRER - T IENEESH
NEEE - BEENTEFEHREISIAE L
AESHMMEREREE > flul - KER---
-+ ° Dielectric Breakdown Field~10MV/cm

Gate Voltage (-Volts)

7S OJ5ERVEEE » MLeakage CurrentBYEK
B RSNEREINEMELD - &N EE
BYRERBEFKIVB<10°A/cm® » THE
MR REBRBEFKRIBD<10°A/cm® - 2
EMobility Bl SRR TE—BREZMIE
SE28 > ARFEETEMRIENERE
EFEEEEEHTHEEERIVEIME -
SREMITEEETBERAS - {BMobilityd
HUt Tk - EEEBTHEREMZE
Rt mmiIRFA - BURTRS R IE 4RI H9{E A
BREREE T ° EXFlat-band Voltage
ShiftEdHysteresisAIEA T @ AR EHYOxide
Charge (B fEFixed Oxide Charges2Oxide
Trapped Charge) E&8Mobile Charge S[Ed >
[RAI - 2#/)\#E%S » Flat-band Voltage
Shift VT EZEHEKIAR10~20mV » M
V., ,(Flat-band Voltage)Hysteresis 3] =&
BEAI%VZ320mV - E{tHF5E - Reliabilitytd
EEENSE > ERTH IS RRIED
BIENERE - BEITHEI - Ut
N BRERSNTEREBITEMRIENER
FROJgeES|I B FTE FE » BLEESFTE
BHY -

Rl A% A~ & M #t & F 4
* %

— ~ ITEEBERNIREE

(Permittivity and Barrier Height)

AEB— [ESEILE 6r
BERIE » RS
EemsEm AR | Y s 238
ot 2.4 03 010.8|1'4|1'5 ’ ‘2.3|1.5
PE SAEH (D ||, B
RlgosEFrraekE | 8 O ‘1.8 23
L%) Sl 4.4 3.0‘ 343334 26134
Si3N4 IBaTiO, 49
al Ta,0s 710, Y505
Si Si0, BaZrO; HfO, ZrSi0,
-6- ALO;
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(Thermal-dynamic Stability on Si)

EEMENMERENTERESIR
FEFETRZ AX BYInterfacial Layer - EHRRZIEN
BMRIESIEIBERTE » FTLERES
AZBXInterfacial Layer @ ML Interfacial
Layer’ B REEBATE  BAERAE
MEHENTEMR - PIANTEE R
K- HtEBS®SOVERE - FIt > 204E
BRIFE - FIE0 - ETSTVIZSE ~ REER
2B, MRZERESIEEINRISEERMm
B FZBXInterfacial LayerfY/T &M E} »
=D Interfacial LayerZ = ZBHVIHZTISIE] -
rTRERED  SILREEERNN—
IS\ > MM RISE - SilicateBIZE B
B18% IR Thermal-dynamic Stability8RIFHY
FEE AW - (ZrO,) (SiO,), -
(HfO)) (Si0,), (TEM&E EHEBEHREE
B =P -

AN —
W]

Si 0, o RS BE B 7T E R G 55
(Midgap Interface State Density)%Dn~2><
10'%states/cm? » MAZESITEHRENT R
BYD BUTE10"~10" states/cm® » SEEIFEEN
REMIGN ~ T BEXRFESFEHRE -
—R%ERER - BFIIEMRFTBIRSE>3
BF » BERRAS BN » Interface Defect
Density 2R EXAVIZI0 - EFE N EEHEES
SREBRE - Sio,HSi-ON G RE R4
—2ERER  ESNMEMRPERST
H3Si 2 B RIGEE BRI E » #hT
S HZ B Interface State - LABBI#IASTAYS
ITEREMTRIZRER » Pseudobinary System
MR EERENTEIEE - f120 -

Silicate °
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U0 ~ SERRAZRE(Film Morphology)

RIZENESNMERECEREIZEZE SR
8 (Poly Crystal) » FTILA B ZIEF
(Grain Boundary) » 2 X% ERAYES
= 5 AL - FEEEFE(Amorphous)BIITEE
REEREGHEE - REZFIIFEIEELR
BRENNTEEER - EROVEEEEH
EENBITTER - HIA0 : ETiO, B *ELa
Nd ~ TbEXDyE T3k - BN - IER LCER
FH(Single Crystal);2 BEFIIERE - HE
BENTEHME - BESRSNERETEEEL
FZEXSub-monolayer » M FRE=EaILIE
(MBE)TJLLERK UL —BHY - E—ERABIR]
FEE » MBERVLIETS N E Throughput X
1K > M NEESEERI -

T~ FEBRMEEFIE(Gate Compatibility)

EFETEEERE > RBEET
FT S| 3 £ Poly GateBY ZE = X F& (Poly
Depletion Effec)#-X » SEUWNEBEEES
g1 3T —{@Poly DepletionEBE » {FEZH
MEEREF R/ - BB ERE UL EE
K - BRItz » —iRaSTE/REBMESE
S E3Si% FERZ BliInterfacial Layer » FTEAS
ITERENE S B Poly Gatefiz A%
Interfacial LayerM{EEEOT_CFH - ¥ il
e - S EREMR(Metal Gate)HIERER

0,/500°C/10 min

0 1 2 3
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Gate Voltage (V)
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(@) a-Si g 120 AL
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Q
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S 03T
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—EB® > MmEzERRIETTIEEL
EVORTIR - ¥IRE— R BREARRER » 73
ENMOSEEPMOSHEMITHIThreshold
Voltage » IV/EIEEFETNHIE{(Work Function)
HYE K BERE (Fermi Leve)3ZEAHSSi midgap
BV > BI%0 ¢ TiN - B¥52<0.13um
(EH¥IREZRoadmapE B —LEARE) BY
RAfTHACERER » V ~1/2E =0.5VAE S -
A £ BRI (Dual Metal Gate)BI{FEFT
E2LVER - FIAMmERNRNEZE - &t
HINMOSEEPMOSHYFEK » {ERIEIZEETL]
ERIEIHY B K BEPE (Quasi Fermi Level)1E5A
N-type SiEEP-type SiHVEEKEEMEAIE
= - EEERIEBESHV E - Fl2 : P
REHRFAIFSPMOS » AIRFHEALIENMOS © X
m > PRZERA] - FTEABAZEI0, 22
RuO, B2 - MAIRIZ BRI B2 A
A1203E|'91nterfacia1 Layer » FTABLEATaEX
FETaNZRERY - BN » B S ERATERY
fFA » SR HEEIRTN (Damascene) YR
AL > WL T LU R R IREIEN %I
72 - EFA SEMRITR(Dummy Gate)BY
HIE > JLBERBIERBRTERERS
RREHRNEEENEE - E8i0E
fEi&iEsRes -

7N~ REAEEIE

EANNTEBRENGEEIIHRE
BTSN REBL) - BRISTERE
MRULENISINE RVE - MIERAMENL

Single Midgap metal

Dual Metals
,,,,,,,,, Vacuum Level _ _ _ _ _ _ __ __

A A A
E. @ TIN E. | PPt Op Al

— A4

Drov ] MOs vy
«—pMOS Vp —pe¥oriiiirinnns
E:‘V v

() (b)

A B0 Single MetalE2Dual Metal GateBYEER T~ /=&
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B(PVD) s ERFELtERMBINLIE
(ALCVD) ~ B RELIEJIVD) ~ DF
RESLEMBE)ESE - Hb » PVDESR
BENEREBENTRE - FETERE
BRZ= » FIU0 : ERFETIZN(Sputter) : TMMBE
N BRFIVERGEE - (HEEThroughput
KIE » AR EERM - BRIBVLIER
flich » LALCVDERJVDEROJBEEIR - &
[RGEEHAE - L /ERANSE - £t
FHAREITEME  BRMRBRIEAEVEIE
N SREISRNAKRIEEERS -

T g5%E

R —RZEIHSIT EM K ReliabilityHY
REY > 8 NMERBERNTE R
Reliability HERETEE, | (NZEQ, ) ~ SILC
(Stress Induced Leakage Current) ZFZEHYIE
B AMUEITEIZE > BRRSTER
P RIRER T B 2 B A IRV VR I8y
gt - EEEOEEESER/) - m
EREEE T EE o B 5 a0 % DA & 32
(Testkey)2REFER - WULEZERERH - B
o0 - ¥R — N EEE > Q, TR/ A
S B ER X HYRIEA SN - FTRAESEAK
AN IE RN EERE » S
BB EER ) SEFTE IR -

F A H A B AL R AR
f~/% 4+ A+

IR E RSN EREEEE
MEMHE RN EFBUERIL1089Si N,
ALO SN EENEFHB]SHYMetal
Oxide » #120 : Y, O, > La,O, ~» Ta,O "
TiO, » HfO, ~ ZrO, %% - Hp » Z8HY
Metal Oxide{/JEESiZ 5 &2 FEAZ AlInterfacial
Layer - EDTEEEE@J:K%E@SiEFEE@HfOz
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7§22r02 » BEE LD E A AiInterfacial
Layer ° Fi# By Thermal-dynamic
StabilityfAS » (HfO )x(Si0)), &
(Zro,) (Si0,), ~(BlSilicate) HAZHSI
[ FERZ AliInterfacial Layer » tLEGHITIAHRE
B =+tE80EL - FTLABRI2KRER -
(HfO,) (Si0,)), F(ZrO,) (Si0,), FBEIERY
EEE o

IRIEBE RIS BV RZE - 8BRS IT
EREERTERREWE TP o B
FZNEAN > ZESTERME@RITE
{J35 5 0xide ChargeEiInterface ChargeHVRI
%8 o [tk - Interfacial LayerBV#=HHE—
BEZAVRE - EEEEZRER » FEFASilicate
BT EREIZHIEIMetal Oxide » (BEH
Interfacial LayerBY=HIAR 7T E G2 E BER
75 - SEHBIREDNERE > EDBEEDIR
ABIIHSE - IRTEETEIS T EREEERIT
B ReyEEES R EIRENEMR ©

TEILL - MY VT AT S RN SR BV AT
R (FT=N) DHEZ2E > KIIPWERHELL
EOTEREMBLLISEIEH - ERIIBY

B iE s E

gt - SEEMOSEZF A EHVE B
ER - DEARTRITHRIEASRENote
FEEITHHEERE - RPEOTHRIEHIA
TIZE3RH22001 VLSI » BASputter75 VS
BYHFO JER - EOT=7.1A - -1.5V ~NHYIRE
REBERZ10°A/cm? » FRATTHAIFHER
BRER » EOTHRIEKNARIBMETIER -
EOT=8A - BRI 20nmBVITH L - B
HEMTEMRRERERED - ¥
BE2RER - SRR TEMBIBVEOT RS
RIS - R ERVM RIS BRIEAVEOT
B, EXFERNESNTEEEE -t
ER » R BEIANEFIEN > LIED
TITVAE R E ST E A BIBY Thermal-dynamic
Stability » EMEETBEMRIBVEFIE » PI
LURIE R BVER STERR /T E VAT =
+oEE -

5 M B 1% B H F R A= A
/% Aa Bl FF] 24K

BrisNEREBMEIEFERT EIERE

@ o %Y Comparison of Relevant Properties for High-x
a
Ta,05 Si0, Candidates
Dielectric |Band Gap| AE (eV) Crystal
: Material | Constant (k)| E (eV) to Si Structure (s)
Ta Ta,Si  TaSi, Si ©
SiO, 3.9 8.9 3.2 Amorphous
® (o} Si N, 7 5.1 2 Amorphous
Tizgzoz SiO, A1203 9 8.7 2.8 Amorphous
W Y0, 15 5.6 2.3 Cubic
- Tisi, TiSi TS,  Si La203 30 4.3 2.3% Hexagonal, Cubic
TaZO ) 26 4.5 1-1.5 Orthorhombic
© Q TiO, 80 3.5 1.2 Tetrag.© (Rutile, Anatase)
Zr0, m‘ Si0, HfO, 25 5.7 1.52 Mono.?, Tetrag.c, Cubic
\ ZrO2 25 7.8 1.4* Mono.b, Tetrag.©, Cubic

Zx Zn)Si ZrSi ZrSi, Si “Calculated by Robertson (See Ref. 153).

"Mono. = M linic.
ABT SERTRIH=10E" ono. = yonoeume
‘Tetrag. = Tetragonal.
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BERIRAREFEL0ZE T ~ J\FAR ©
BRI ~ /A%l » SE— S IRER
FrBEEAN (B/)N) REFMMEE (BET)
ETONER s T EREERMTE
BYERRIH » AMDERTIHE Y —2(DUE - H
> AMDEESFEFEEEREEASITE
REBREMTEMRIIREMGEIE (Gate

Structure)EARIF2ZEE & (Process Integra-

tion) » MTIREEPES N EBIRERTEIT
EBaREs - sEBERREERE » KL
SIS /AR7KEE - IRERIE ~ M8l ~ &
F518 ~ 2T B (Gate Stack) ~ SEIRER
I2(Film Modification) ~ RA1HZL1E % ABRE
@*ﬁ?é?i\(Gate Structure and Process
Integration) ~ E{IAERERIIEERES - HOp »

3 =2 LA Gate Structure and Process

Toshiba

Motorola
AN

AEN SNERBERTESMNZEFNAE

Other
Integration Surface
Process

Structure
/Process

Modification

EAND D
KT AHBE A e Y R RE
Material Issue
Oxynitride, on Stack, Nitride | Short-term
Ta O, 1. Non-thermal Dynamic Stability
2. Interface Reaction (Barrier Needed)
STO 1. Non-thermal Dynamic Stability
2. Interface Reaction (Barrier Needed)
3. Crystallinity Dominate
4. Oxygen Vacancy
ALO, 1. Oxide and Interface Charge
2. Mobility
3. Boron Segregation Resist
Y, 0, 1. Oxide and Interface Charge
La,O, 1. La Volatile
2. Water Absorption
3. Oxide and Interface Charge
TiO, 1. Oxygen Vacancy
2. Mobility
HfO, 1. Interfacial Layer Control
ZrO, 1. Interfacial Layer Control
Silicate Theoretically Better Candidate, but Need More Research

TR £ 14 B
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Pre-treatment

Film Stack Deposition
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R AR CRE R T e RH BRI B SRS SR
Material Method [EOT(A)|Jg(A/cm?)| Publisher | Publication | Note
Ta,O, 23 1998IEDM
STO MBE 8 107 2000APL
ALO, 9.6 2000VLSI
ALO, ALCVD 13 10" 2000IEDM
AlLO, ALCVD 15 107@1.2 2001IWGI
ECR-sputter
Y, 0, Sputter
+oxidation | 10~15 | 10°~107 2000APL
La O, |evaporation| 10~14 | 10*~107 2000APL
TiAlO 13.5 1 Yale Un. [2001TEDM
HfO, sputter 11.5 102 2000IEDM
HfO, 10.3 10* Texas Un.| 2001 VLSI
HfO, sputter 7.1 [10?@1.5V| Texas Un.| 2001 VLSI
HfO, 14 Intel 2001IEDM | *RF application
HfO, ALCVD 13~15 [107@0.6V| Murry |2001IEDM |*50nm VRG
HfO, sputter 11 102 Berkeley [2001IEDM | *70nm
HfO, 11.7 Yale Un. [2001IEDM
HfSiON 12.8 0.38 TI 2001IEDM
ZrO, RTCVD 11 1073 Texas Un.| 2001 VLSI
ZrO, 8.9 2x10? | Texas Un.|20011IEDM
ZrO, 11.7 10° Texas Un.| 2001 VLSI | * with TaN barrier
ZrO, 11 1 Yale Un. [2001TEDM
ZrON Sputter+ 15 1073 Toshiba |2001IEDM
Nitrdation+
oxidation
Zr silicate 12 107! 1999IEDM
Zr silicate JVD 11 10 Yale Un. | 2001 VLSI
15 102~10"
Zr silicate 9.6 2.3x107? | Texas Un.|2001IEDM
Zr silicate 18 10°¢ TI 2000JAP
? 13 NEC 2001VLSI | *70nm
? 8 Intel *70~20nm
Lanthanide| evaporation| 10~13 | 10°3~10* KIST |[2001IEDM
oxide Korea
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Patent No. Date Assignee Classification Note
6348373 | 2002/2/29 Sharp Film Treatment O, implant+annealing
6342414 | 2002/1/29 AMD | Gate Structure/Process Damascene metal gate structure and process
6340827 |2002/1/22 Agere Stack Film Diffusion barrier layer
6335238 | 2002/1/1 TI Stack Film SiC barrier
6326273 |2001/12/4 AMD | Gate Structure/Process Trapezoidal shape gate
6306742 (2001/10/23 Intel Surface Pre-treatment N, implant through SAC oxide
6306741 |2001/10/23 | Chartered | Gate Structure/Process Damascene gate process
6303940 (2001/10/16| Agere Stack Film High-K film on oxide
6303418 (2001/10/16 | Chartered | Gate Structure/Process Dual gate structure(metal-N, metal+poly-P)
6300203 | 2001/10/9 AMD Deposition Method Electrolytic deposition
6300201 |2001/10/9 |Chartered | Gate Structure/Process |Dummy SiN gate/high-K and gate post formation
6297539 | 2001/10/2 Sharp Material Zr/Hf doped with divalent or trivalent materials
6297107 |2001/10/2 AMD Deposition Method Chemical solution deposition
6291867 | 2001/9/18 TI Material Zr/Hf-SiON
6291866 | 2001/9/18 TI Material Zr/Hf-ON
6291278 | 2001/9/18 AMD | Gate Structure/Process Device with damascene gate process
6287903 | 2001/9/11 TI Stack Film high-K film on Ge layer
6271132 | 2001/8/7 AMD | Gate Structure/Process Device with damascene gate process
6271094 | 2001/8/7 IBM Gate Structure/Process [Damascene gate process with taper bottom corner
6265749 | 2001/7/24 AMD Material High-K material
6251761 |2001/6/26 TI Film Treatment Remote plasma nitridation
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Patent No. Date Assignee Classification Note
6248675 | 2001/6/19 | AMD Gate Structure/Process Device with damascene gate process
6210999 | 2001/4/3 AMD Gate Structure/Process Test structure
6207589 | 2001/3/27 Sharp Material Zr/Hf doped with trivalent materials
6190748 | 2001/2/27 | AMD Spacer Low-K spacer/high-K gate dielectric supress fringing
6184072 | 2001/2/6 |Motorola Deposition Method Metal/SiO, stack+diffusion
6172407 | 2001/1/9 AMD Gate Structure/Process Device with damascene gate process
6133106 (2000/10/17| Sharp Gate Structure/Process Device with damascene gate process
6130451 (2000/10/10| Toshiba Deposition Method CVD TaxOyNz
6110784 | 2000/8/29 AMD Material+Pre-treatment TiO Ta205, CrOz, Sr02+ Nitrogen treatment
6100120 | 2000/8/8 AMD Gate Structure/Process Damascene gate process
6093590 | 2000/7/25 | WSMC Gate Structure/Process Damascene gate process
6087231 | 2000/7/11 AMD Gate Structure/Process Device with damascene gate process
6066533 | 2000/5/23 AMD Gate Structure/Process Dual gate with dummy gate process
6063698 | 2000/5/16 |Motorola Film Treatment Post wet oxidation treatment
6060755 | 2000/5/9 Sharp Material Zr/Hf doped with Al
6051865 | 2000/4/18 AMD Surface Pre-treatment Nitridation Si surface
6048769 | 2000/4/11 Intel Other integration process Dual dielectric layer
6020243 | 2000/2/1 TI Material Zr/Hf-SiON
6020024 | 2000/2/1 |Motorola Stack Film High-K film on nitride layer
6013553 | 2000/1/11 TI Material Zr/Hf-ON
6002150 |1999/12/14| AMD Gate Structure/Process T-gate
5960270 | 1999/9/28 |Motorola| Gate Structure/Process Device with damascene gate process
5937303 | 1999/8/10 | AMD Film Treatment post nitrogen implant treatment
5891798 | 1999/4/6 Intel Surface Pre-treatment Nitrogen implant through SAC oxide
589178 1999/4/6 Intel Surface Pre-treatment Nitrogen Implant Through SAC Oxide
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ULTRA-THIN BAND-ENGINEERED VERTICAL DOUBLE-GATE
DEVICE BODY SOI TRANSISTOR TRANSISTOR FINEFT TRANSISTO
SiGe or Strained Si | Double-gate or Surround-gate Structure
CONCEPT Fully Depleted SOI |Channel; Bulk Si or| (No Specific Temporal Sequence for These Three
SOI Structures is Intended)
APPLICATION DRIVER Higher Performance, Higher Transistor Density, Lower Power Dissipation
eImproved +Higher Drive Current | «Higher Drive Current | Higher Drive Current| «Higher Drive Current
Subthreshold Slope |*Compatible with Lithography sImproved Improved
*V, Controllability |Bulk and SOTCMOS | Independent L, Subthreshold Slope | Subthreshold Slope
ADVANTAGES *Improved Short *Improved Short
Channel Effect Channel Effect
+Stacked NAND +Stacked NAND
«Si Film Thickness *High Mobility Film | *Si Film Thickness | *Si Film Thickness | *Gate Alignment
*Gate Stack Thickness, in Case of | *Gate Stack *Gate Stack +Si Film Thickness
*Worse Short Channel | SOI *Integrability *Process Complexity | *Gate Stack
Effect Than Bulk CMOS | *Gate Stack *Process Complexity | *Accurate TCAD *Integrability
SCALING *Integration *Accurate TCAD Including QM Effect | «Process Complexity
ISSUES Including QM *Accurate TCAD
Including QM Effect
*Device Characterization | *Device Characterization| *Device Characterization
DESIGN +*Compact Model and *PD Versus FD
CHALLENGES | Parameter Extraction «Compact Model and Parameter Extraction
*Applicability to Mixed Signal Applications
MATURITY Development
TIMING Near Future »
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