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First Monolithic

1948

IC by R.N.Noyce
First Transistor
By
J. Bardeen and =
W.Brattain Power5 uP 2005 IBM
MOSFET(1960
( ) | VLSI era
CMOS (1961)
1 yi | i ]
1950 2=1960 1970 1980 1990 o
Planar o
Process(1960)
Fimt_Intégmted
Circuit By
1. 8. Kilby i

1958
18
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A multi-unit cuff microelectrode array was
fabricated on polyimide. It was then used to
investigate correlations between electrical

10 pm square sllicon pillars come "W“L ona | activity of neurons at points proxir_* ~* il
e are used to purify o e P S
anchiis partarh PCR Ampli distalte 3 site of l2sion i red sweamp crayfish
fication via a miniaturized thermo cycler.

Pracam &, 258 Clarkii.

Nano fluidic
bragg-Fresnel lens for x-rays accelerometer 3D
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Top—down

Si, GaAs, InP,
Quartz, glass, metal

Photon sensitive polymer
called “resist”

Optical, e-beam, ion beam
X-ray, proton, STM/AFM

4—
SRS
I riss:::

Etching, lift-off, Iimprint
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UV light source
Shutter T
- Alignment laser

Shutter 1s closed during focus

and alignment and removed

during wafeer exposure Reticle (may contain one or

more die in the reticle field)

Projection lens (reduces the size
of reticle field for presentation to

the wafer surface
Single field exposure, includes: —\ )

focus. alien, expose, step. and_

repeat process
irols epeal pr @ Wafer stage ¢
fier in nosition of w

XYZB)

stage
wafer IC

40-50% total wafer process time, Determine the minimum
feature size .
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Above Wavelength

Near
Wavelength

SubWavelength

Microns

1978 GCA
ASML
1.5

30 10 45nm
ASML Nikon Canon
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1 Using light source with shorter A

A(nm)
436 g >0.5um
365 i 0.5/0.35um
KrF( ) 248 DUV 0.25/0.13pm
ArF ( ) 193 193DUV | 90/65...32nm
Xe 13.5 EUV Reflective

MIrrors
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Normal Mask Phase Shift Mask

I :EXE* Mask o e — —

180° Phase Shift

Amplitude
of Mask

Pattern dependent s
k, can be reduced by up

to 40 %
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Immersion Lithography

Numerical
Aperture:
NA=NnsINna

L_ens fabrication
A [nm] NA
436 0.15-0.45
365 0.35-0.60
248 0.35-0.82
193 0.60-0.93
A
R=k,—
" NA

Nyo =144 NA=136
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A =248nm NA=0.55 Filed: 22mm, 28-lens optics

Japan Patent: Laid Open 8-166540

A =193nm NA=0.75 Filed: 22mmx26m, 38-lens,
a spherical optics
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1ecnnology RET Solutions

8?1 150nm 16nm
> 180hm thru 40nm 32/28nm 22/20nm

LOPGJ[OPGJLOPCJLOPGJ LOIPCJLOI[’CJ*

IC
RET
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Main Field Sub Fiel

1mm x 1mm 8umxé
E-Beam

Sub
Deﬂector' '
Fasrtmmng’
Deflector 8
Plate
mx 152Zmmg

*Variable Shaped Beam
*Vector Scan
«Step & Repeat Stage M

Stage%f
Movement

Similar principle as’a scanning electron microscope

Electron-beam process Mix and Match Technology Resist technology
Simulation Proximity effect correction
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o (< 5nm)

o Large substrate size (12” wafer)

o Multi-level patterning (alignment error <20nm)
» High flexibility

e Fast prototyping

« SPOt Size-electron lens aberration, space charge, mechanical stability
sproximity effect-electron forward and backscattering
eresist contrast
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0.125-12.5nm

2-50nm
5-100nm — L _ me£ﬁ$$
1-50nm R
1-50nm
20-1000nm
20-500nm

15-60nm

2-50
10-100nm
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Nano-Scale Fabrication
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> Optlcal lithograpry
> E-pearr litnograony
s EUNV (gxire-tire violat) litnogreiorny

> Nano-1morint






o B R} BRI T B ST BT e

INSTITUTE OF OF

e

—— =S
£

0804 (BEReE

ABIHE AR

Reticle Stagg _\ = :r::rga \\‘ //"/'

££ 50nm

§8 2.%nm

W 2

E 40m

—

—* BHE

Cross section TEM view
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2006 8 ,ASML IMEC CNSE(University at Albany) a EUVL
SCANNER, More Moore EUV EUV
22nm 5000
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(1) Comparison of EBL & NIL.:

EBL NIL
1. Resolution: + +
2. Throughput: — +
3. Cost - +
4.  Alignment + 2
5. Damage - + I
(2) Applications .
Nano CD,
opto-devices (e.g. gratings), 6nm NIL
Infrared detectors, IEEE NANOO?

Semiconductor devices
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€ Support more than 400 customers

€ 12 national criterions on micro-
lithography were issued from
IMECAS

Advanced optical mask and
next generation mask-
making;

Nano-lithography: e-beam, x-~ "Ji ) N e ‘:JE
ray, Nano-imprint; ;

e i

Resolution Enhance
Technology : OPC, PSM, etc

Join in national key project gy
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1@.8ky X68. 8K

18.8kV XE@.dk

20-30 nm

1@a.aky #ea.dk’ S

1e.0kv x6e.0K 51

4.50E-012

4.00E -012

3.50E-012

3.00E-012

2.50E-012

2.00E-012

1.50E-012

Drain Current Ig4g(A)

1.00E -012

5.00E-013

0.00E+000

1@.8kv xee.@k 1@.8kv XGO.aK SdEnm

40-50 nm

1e.8kv Xe@. oK Lo, 8KV Xe@.0kK

Broken junctions

0.2 0.0 0.2
Gate Voltage V4 (V)
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[ BCPCASLTER0 T-5KV 6.5mm X TUUK SE(M)

.. BCPCAS4800 1.5kV 6.8mm x100k SE(M)

13nm 100nm
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Resit coatig » Exposure tools: ASM-L 5000/55 stepper and JBX-

Sofibake

Air 5000LS e-beam system at 50keV

Viaruum

l

DUV exposure

Air

FPEB
development
Air
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	纳米加工技术的发展现状与挑战�
	“有了109(厂)，中国就有半导体事业了”�                                                            ——郭沫若

