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CMOS scaling

Mew materials and
devices will be needed
to continue the
performance scaling
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F Intel A7 45nmidhigh-kili&ER AR RARR S £high-
K5 EtREAEIRiT). IR65nmIZtHEL , 45nm5
kFlIIESRART LGSR ENSEIRSIE2(E , FmEf/hy
25% , KA ZEHRERIN 3 2Z2—K,

F T—RESREEE2 Uz IE=218KAH8.2{2 1 R E |
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F AMDGHEIZ EHAMEREE , EREIBMITZRENMRRAE.
RBi2i@¥Z) (Immersion lithography ) 1EEB{EKE N HRERE
( Ultra low-K ) BRYJLIRBIGRAR

Immersion Lithography AMD{1  Ultra-Low-K Interconnect Dielectric AMDZT

5 N Srrartar Chokcs : . F . . Simawrter Ohoios
Improving the manufacturing process G Improving circuit speed and reducing power

F ; : Decreases capacitance of insulator surrounding copper wires by
Lithography For 45nm introducing pores into the insulator matenial

* Immersion effectively decreases wavelength by putting water Capacitance depends on the dielectric constant (k) of the insulator
between the projection lens and the silicon wafer : . :
- Current low-k dielectric materials have k = 3.0

- If a fluid of refractive index n fills the space between the lens : : .
and the wafer, then the effective Introducing pores (air) throughout the insulator further lowers k

wavelength = the vacuum - Reduces the k to 2.4

avelength of the light + by n %
- } g_ _|g o Prejection - Unique integration for improved yield and reliability
= For air, n is approximately equal e
to 1.0 tens)

- For water, n is approximately
equal to 1.4 because water is
denser than air

Xidian University

Lbqutd
supply

A superior ultra-low-k (ULK; k = 2.4) film,
manufacturing process and tool set were

developed for 45nm
- Elements were integrated successfully to build

* Shorter effective wavelengths i wiring suitable for advanced, high-performance .
enable smaller features to be Immersion  (Scanning motion) -} MiCroprocessors A
patterned liquid Wafer = Extensive testing was used to establish Pores in dielectric
40 percent gain in resolution ek St S (-t Representation)
h ' HIN| |

over conventional Iit/b_Qgraphy
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F AMDMIESEFR{ERSOIFE TS RN RIFRIN EIFHE , Ei8ST
RET , AMD 45nmi IS iR v LAESE1.5VEA LB EHTHIGHz
PALAORBRIRER, Ultra-low-k BB REEFF(K15 % AERRIS AR,

E Phenom Il 42 TWKRTEHENEH#ZORIIERT , BkINpET

TGHZAX , BT AU BB S BT (BASE :
2.0GHz , EBIWIREIATI250% ) .

CMOs Jl'lld':-;l't'.:

Phenom ition

CPU Arch : 1 CPU - 4 Cores - 4 Threads

CPU PSH : AMD Phenom 1T X4 955 Processor

CPUEXT : hﬁ‘dﬁifﬂ :il,}l".h;l'.'.'![*-:l SSE S5E2 S5E3 S5E44
xB6-64

CPUID : F.4.2 / Extended : 10.4

CPUCache ;L1 : 4 x64 /4% 64 KB - L2 : 4% 512 KB ; '
CPU Cache : L3 : 6144 KB Ty

Core : Denab (45 nm) [ Stepping : RB-C2

Freq : 7000.4 MHz (250.01 * 28)
E7. CMOSESOIEytLE




E AMD#IntelfE£20105F ¥ FHH B SHIEF R &R
ECPU~m.

~ CPU-Z [ ] @ |-

| Caches ] Mainboard ] Memary ] SFD | Graphics ] About J

.é“ Processor

o Mame | Intel Core iF

g Code Name | Gulftown Eit

= Package Socket 1366 LGA

2 Technology | 32 nm Core Voltage [ 1008V |

Q Specification Genuine Intel(R) CPU 000 @ 2 40GHz (ES)
= Famity | & Model | C Stepping | O
x Ext Famiy | 6 Ext Model | 2C Revision |

nstructions | MMX, S5E, SSE2, SSE3 SSSE3 SSE4.1, SSE42 EMBAT

Gt o0 Cae | EsmosAm SR

Core Speed | 2394.2 MHz L1Data | 6x32KBytes | 8-way

Mutiplier | X 18.0 (12-18) || Lilnst | 6x32KBytes | 4-way 1E Ej‘]*] I Z;}A4 5n mﬂ-
Bus Speed | 133.0 MHz Level? | Bx 255 KBytes | B-way

QPILink | 3192.3 MHz Level 3 12 MBytes | 16-way g&yg 32nm ’ Intel Eg
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F =EM7F2012F10A5% , HEMII20nmIZHESHAGHRA S
2 XEEERARSHNFESBHISETS. BETE, =
E20nmI ZiE{ERAE G (GateLast) IS KEE K
(HKMG)EA , E_fUBEKBT R , ShANEERE , 193
EXNEXNFLITS.
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EfliE , SENNLIM , RiaNERESTRE(TSMO),

Flbzhl , SRARANE28MAREA , M=EXRMANE32MNKE
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MOSFET [ 45 4 76 2%

CMOS Scaling and Technology Inflections

Major leakage components: 1) gate current, 2) drain current (short channel effect),
High k gate dislectric starting at 45nm HP Logic to minimize gate currant,

Drain leakage current Is reduced by reduction in T, and X, io a limited extent,
FInFET. or Tri-gate per Intal term, affectivaly deals with SCE and drain leakage,

= eading HP Logic 65nm 45nm J2nm 22nm 1Snm
= Logic 6 S 32 22
= Gate Stack poly/SiON HKMG HKMG HKMG HKMG
E MOSFET planar planar planar :? FInFET FInFET
-
X Bulk FinFET MOSFET
k= Gl
x scaling lo '

Ly <20 nm |

Sarce " (beyond 2010)
Substrate
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(~1870 lo present) (~ Z2nm or 15nm node)

TUe—S——

@E: MCMOSE|FInFET ( B/ 3&R: Applied Materials )




E Intelf2011E5B4BERISE22nm B =KH “Tri-
Gate” (Z=HH) R ERA | SCI 7 RIS AR S,
3DZEER] LAELS /R ERAIPR. MMEAZIE/RERAY
T—alzk

E 2249KA93-D Tri-Gate SR E LIRS /R 329K E SRIF
ElEREIRE37%. , FHEHANR2DERRDE. 3290Kc
RFi9—¥* , Si8EFIRHIREF~ .

I E#ﬂﬂﬁﬁfé"—i meet#ZiT‘T:EZISEHﬁEuIJi'JzEJ_L_ﬁiﬁ
B S MIREISANS T RISEN G 8riEsl,. BiF

BRFEFRFSINBINHAELIAnmEIFRtEMFinfetiz A,

0.108x0.108 /KRGS HAZ 29N R E
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M Moore’s Law

1. Mooremfi---*ﬂ.lila%ﬂ«i?ﬁ;ﬂﬂ: ( Intel,
Gordon E.Moore, 1965 )

I @35534‘-&— BN hHR BRSNS
3&%@/2&4 i%lj\ﬁfjxso% T lenss
= Oo

E 2. 1L flIga RIE - - - 3 AR SEFT IR -
(IBM,H.N.YU, DANNARD, 1974 )
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F fz=is(Graphene) RAER—MSTAEI | E"HEN , HIESIA
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¢ Strain Silicon, SOI, FinFet, High-K,
Metal-Gate, 3-D Structure......

> IR RN
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Materials |

IC Fab

.'_

Metallization

Dielectric

[ deposition

Test

L[t

Masks

Thermal
Processes
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Design
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|

Packaging
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> I-VERM Y A& FE(Wide Bandgap)
¢ GaAs, GaN, ZnO, InP, SIC......
> B DIER B AU
¢HEMT, IGBT, MCT, VDMOS...
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4 MESFET 1 5

E CreeAE)iH4IHAISIC MESFET , HT{ESR=1E3.1GHz
BJIAZEH80W , PAEA31% , #H<0.7um , Hi=
48mm , T{EBES8V(fT=9GHz , fmax=20GHz)

F BREHSH I EISESRZ25EH0.9¢eV , EEfilE
SFEFE;RIdssa317A30mS mm-1§1220mA-mm-1,
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g i OPAG53 5 Industry’s fastest

E OPA659 JFET $IA JFET-input amplifiers
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