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Litografia

a) Posttive resist,
developer solution
remroves exposed
material

Radiation

Mask

Phetosensitive material
Substrate

Photosensitive matertals properties change
only where exposed to radiation

Spray substrate with
developer solution

b) Megative resist,
developer solution
rermov es unexposed

tnaterial



Litografia

Usually 4X or 5X
1:1 Exposure Systems Reduction

Contact Printing Proximity Printing Projection Printing

Figure 5-3 Three basic methods of wafer exposure.
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Limite diffrattivo




Limits of optical lithography ?

- Rayleigh criteria:

A :
R=Fk x— with NA=nxsm(0)<n
NA
A
DOF =k, —;
NA

=> To improve resolution we need to:

=>Decrease k1 » k,decrease is made through:
=>Increase NA
=>Decrease A — Resist improvement

— OPC and PSM masks
— Off axis illumination or polarization




Off-Axis lllumination (OAl)

» Primarily used for improving resolution/DOF of dense features
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Optical Proximity Correction (OPC )

OPC : precorrect the mask to have the silicon result
as close as possible to the original design
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Optical Proximity Correction (OPC
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Numerical Aperture increase

— In air max achievable NA is 1
— Today state of the art dry system achieve NA =0.93

Introduction of immersion lithography allows to reach NA >1

NA=nsmo6
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Stage
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Immersion lithography with water

55 nm hp imaging NA=0.87 40 nm hp imaging NA=1.2
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CD = 47 nm CD = 39 nm



EUV Lithograpy: technological breakthrough

The big jump from DUV 193 nm to EUV 13.5 nm
Everything absorb EUV light

Reflective mask v'Vacuum
v'Reflective masks and optics

Sources: based on plasma (Xe,Sn,In)
emitting in EUV (13.5 nm)

Reflective optics v'Laser Produce Plasma (LPP)
v'Discharge Produce Plasma (DPP)
Specifications very tight
v'"ML mirrors: 70% reflectivity
v'Masks: defects < 10~ defects/cm2

v'optics: < 0.1 nmn roughness

EUV Source
condenser

@13,5 nm, in

vacuum v'sources: 180 W, no debris
Walfer holder
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EUV lithography main achievements

‘@B nm

188K

32.5 nm L/S on CAR using IL-EUV at PSI



ASML technology roadmap scenarios

half pitch 100 65 45 32 22 16
year 2005 2007 2009 2011 2013
A [nm] NA
248 0.80
193 0.93

1.20
1.35
1.55
0.25
0.35
0.45

B likely
opportunity %@ ASML




Stepper Capital Cost

Equipment cost

13.5 nm
N i int
ano 1mprin 193i nm
$100,000,000 193 ﬂml 1
1 ~50 $ M
$10,000,000
$1,000,000
$1uﬂ’ﬂﬂﬂ IIIIIJIII:IIEI‘IIIIIJIIIIFIII:IIIIIIIII
1975 1980 1985 1990 1995 2000 2000 2010 2015

Year
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Etching and/or deposition

Subtractive Process Additive Process

- Photolithography -

/\

Etch Deposit

\/

. Strip Resist %///////////////////ﬁ

Pattern transter Pattern transfer
by etching by lift oft

 m . .



Dry Etching
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Costruzione MOSFET
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Fig. 1 Schematic view of a MOSFET cross section.
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Metallizzazione
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Metallizzazioni

Low-k CDO
Dielectric

Copper
Interconnects
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Metallizzazioni
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1] IBM Corp.'s new CMOS 7S process for manufacturing ICs uses copper for its six levels of

nterconnections, and has effective transistor channel-lengths of only 0.12 pm. It is the first
lommercial fabrication process to use copper wires [see “The Damascus connection,” p. 25].




