(1) Contact to source/drain of MOSFET.

W ; “ideal”
7/////,%/////////////// Al

: ntact
Alignment error



Solution: Design n+ region larger than contact hole
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(2) Poly-Gate Overlap over FOX

“Ideal’

S/D implant
Fox n*

Electrical
short

“With
alignment
error’

poly-gate

Professor N. Cheung, U.C. Berkeley 3
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Solution: Make poly gate longer to overlap the FOX

Professor N. Cheung, U.C. Berkeley 4
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Total Overlay Tolerance

2
2 _
O? ot =) O
l

O; = std. deviation of overlay error for i"" masking step
Gt = Std. deviation for total overlay error

Layout design-rule specification should be > Gy

Professor N. Cheung, U.C. Berkeley 5
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Standing Waves

*Photoresist has a finite thickness

Higher Intensity Faster Development rate

Lower Intensity Slower Development rate

Positive
Photoresist

substrate
Positive
After development ‘ é Photoresist.

substrate

Professor N. Cheung, U.C. Berkeley 6
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Standing wave effect
surface
Air Photoresist Oxide
B, Resist profile and energy

E< deposition depend on

/3/> oxide thickness underneath
£, — £y (see handout for derivation)

x=0 x=dp x=d

T
1
Ly (0= T J (By(0+E5(x))2dt
0

1 .
=7 (Ey - E3)? + 2B E3sin’[k(d-x)]

1 ) 1

) . 21n
Intensity minima occur at : T(d-x) =0, w, 2m, .......

n
Intensity maxima occur at : %(d-x) =n/2,3n/2, 57/2, .......

Professor N. Cheung, U.C. Berkeley
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SiO,/Si substrate

A
Intensity = minimum when x=d —-m— m=0,1,2,...
2n
| | A
Intensity = maximum whenx =d —m4— m=1,3,5,.
n

n = refractive index of resist

Professor N. Cheung, U.C. Berkeley 8
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Simulated Resist Cross-section as function of
development time

' o | Dill Model
: - 15s |80 mlJ/cm?
- KTI 820
am L Resist
- P TunddemID.?EﬂNE-L—LI]HL'JN] e JFE
9

Professor N. Cheung, U.C. Berkeley
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Proximity Scattering

Mask
Light
rays
Photoresist /? YQ\
Y VY VY VY ;//\\E Y YV VY
Metal \<,_ y\/
Oxide -
Wafer

Figure 724  Light from the exposed regions can be
reflected by wafer topology and be absorbed in the resist in
nominally unexposed regions.

Professor N. Cheung, U.C. Berkeley
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Approaches for Reducing Substrate Effects

» Use absorption dyes in photoresist
» Use anti-reflection coating (ARC)

» Use multi-layer resist process
1: thin planar layer for high-resolution imaging (imaging layer)
2: thin develop-stop layer, used for pattern transfer to 3 (etch stop)
3: thick layer of hardened resist (planarization layer)

|

Wl
MEZ

s :

Professor N. Cheung, U.C. Berkeley 11
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Electron-Beam Lithography

ELECTRON GUN 123 Angstroms

PATTERN | ————5/) K= - ALIGNMENT COIL
GENERATOR i / for IV'in Volts
: FIRST CONDENSER
l % LENS
l |-=—— BLANKING PLATES Example: 30 kV e-beam
COMPUTER ’
CONTROL | => A =0.07 AngSl‘F'OWIS
>
#—— 2nd CONDENSER
LENS NA = 0.002 — 0.005
- LIMITING APERTURE Resolution < 1 nm
|, .« FinaL LEns, cois  But beam current needs
_eLectron resist O be 10°s of mA for a
-‘SUBSTRATE h h f
> | MecHaNicAL sTage clroughnput ol more
Fig. 13 Schematic of an electron beam machine.'2 than 10 Wafers an hOur,

Professor N. Cheung, U.C. Berkeley 12
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Lecture 12
Low Throughput -
for both raster and Variable e
vector scanning (Serial Beam-shape —
Process) EBL o
8-6Gun 0-Bup Water
:ﬁ\ Source
Stencil 7 ity 5] o
Mask N
EBL e N

Professor N. Cheung, U.C. Berkeley 13
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e-beam lithography

resolution factors

* beam quality (~1 nm)

* secondary electrons (lateralrange: few nm)

beam

diaphragm

substrate

performance records

organic resist PMMA ~ 7 nm
mmorganic resist, b.v. AlF; ~ 1-2 nm

Professor N. Cheung, U.C. Berkeley 14
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The Proximity Effect

Monte Carlo simulation of electron trajectories

:

|
:f Primary beam
|
|
', Image
I
: L1 Pl ':
| Foward scatter Hll H I| 1| |
|
[ [ P! l-l-"-I
I 1 (I [ 1
: Py |l
| Back scatter [ [
— | 1 ™

| |
| Dose | |

| |

| I

| |

|

|

L

Figure 9-11 Small and large figures to be
patterned with EBL requires position dependent
dosage to compensate for proximity effects.

- O e N -0

Professor N. Cheung, U.C. Berkeley 15
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X-Ray Source

Electron storage ring source

Injection line

2 meters
| 4| ()
N,
Syn(.:hl.’otron Bending ‘\
Radiation
Radio frequency
cavit
\‘-‘G- /y_Lﬂ
ISR =
\NAN
Radiation
Clean b shielding
room wall \’;-,
Beamlines

\<¢>'\. Stepper

S

Environmental
enclosures

Figure 916 Basic schematic of an electron storage
ring for XRL. Several exposure stations are indicated
(after Glendenning and Cerrina, reprinted by

Professor N. Cheung, U.C. Berkeley permission, Noyes Publications).
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X-Ray Proximity Printing

——— ] —(
£-BEAM \ aniooe |

X -RAYS

MASK

R _ SR RESIST
_/—m T s T e \WAFER
EQAL!GNMENT MARKS

XRAY DETECTOR

Professor N. Cheung, U.C. Berkeley

A =~ 10 Angstroms

Lecture 12
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X-Ray Projection Lithography
Mask
Four mirror aspheric imaging system
X-ray
= g E
Excimer
I
bisaeé Plasma X-ray
/ source /I Molvbd
olybdenum
[ —— Condenser 5‘;?5“ coated Silicon

Figure 924  An x-ray projection lithography system using x-ray mirrors and a reflective mask (after Zorpette,
reprinted by permission, © 1992 IEEE).

Professor N. Cheung, U.C. Berkeley 18
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Alpha-Machine for EUV Lithography

Specification Beta
Numerical Aperture 0.14
Bemagnitication Factor 4
Mask Operating wavelength 11.2 nm
Resolution {assuming K, = 0.5) 40 nm
Avcrage Laser Power 1500 W
_ EUV flux to wafer 155 mw/cm?

= Wafer Throughput {300mm wafers) 40 wph

Projection
Optics Laser produced
plasma source

% Condenser

Stulen & Sweeny

Professor N. Cheung, U.C. Berkeley 19
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Resist patterned by Extreme UV Lithography

Professor N. Cheung, U.C. Berkeley 20
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10 : '
~——Soft X-ray——»
: Photo-Electron
Scallering Proximily Prinling
g [ — {—— Di”"“{iﬂ“m VA |-
'-c-' 0.5 |-
.0 0.3 -
3 0.2F
% | X
c‘;':) 0 T I N il A
| 15pm ' -
- Reduclion Projection
_ IRayleig'l o Y
0.01 !
0.0001 0.001 : 0.01 0.1 1

Exposure Wavelength  (pm)

Professor N. Cheung, U.C. Berkeley 21
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Immersion Lithography

*A liquid with index of refraction n>1/ 1s introduced between the
imaging optics and the wafer.

Advantages

1) Resolution is improved
proportionately to n. For
water, the index of
refraction at A = 193 nm
is 1.44, improving the
resolution significantly,
from 90 to 64 nm.

2) Increased depth of focus at
larger features, even those
that are printable with dry
lithography.

Professor N. Cheung, U.C. Berkeley 22
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Immersion Scheme

Tank .
. Last Lens Fluid
» :::2:’ Element Cove‘rN 4 Outlet
irror arer eui Mirror
[ \ / // IEIUId I/ 1
~ — -

Vacuum

_ Pump Thermal Filter Drain
Fluid o Control
Replenishing
Hole
g B.J. Lin Sept. 02

tsme

Drag a drop schemes also being considered by UTA.

Professor N. Cheung, U.C. Berkeley 23

26

Sept 2002



Microlithography Trends
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On’_Exploration of Images

LAVA%,

UC Berkeley TCAD

Lithogrﬂphy 2

A nalysis using 0
Introduction V- - 0
Simadlators ll'tllﬂl
Applications

e ACCESS 1

Mannals

Welcome to Vieleaso o Ciisrvo.eees |

About Us
- EE243 Students: Having problems runming SPLAT ? Something not working?
Coentact Us Coneact the Advanced Lithography Group!

Our Research

Due to space constramnts, sessions older than a week will be deleted.
;"lfkfﬂmjfﬂlfgﬂfllffﬂ Flease ewail the wehmaster if yon would like to keep a partienlar session.

Eookmark this page: cuervo.eecs.berkeley. eduoleano
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For your reference only
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