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B Lithography

2 lithography steps for the bimorph device
s | PR |

Oxidation
__—_——— layer deposition
——

Lithography 1 (heater) _
—

Cr efch
— .

Lithography 2 (cantilever) _ + alignment
E—

SiO2 etch in BHF

Advanced microelectronics need up to 20

T —_ . . litho or more steps

Silicon etch in KOH
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Thin film deposition
Oxidation, CVD, PVD, ...

b <

B Lithography

Patterning of thin film
Create structures

PR

S
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B Lithography

Print resolution (document,
photos,...)

DPI (dot/in) dpcm (dot/cm) Pitch (um)
300 118 85

2540 1000 10

4000 1575 6

- Need much improved resolution to reach micron, sub-micron,
10nm transistors
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Yellow room
(UV-sensitive photoresist)
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Lithography process
flow

Substrate preparation

Resist coating and pre-baking

Resist exposure

Resist development

Pattern transfer (etching, lift-off)

Resist stripping

Wafer / substrate
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=\What is going on in the Photoresist?
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Today - Lithography

Key aspects to remember

Writer and projection/mask
Resolution and throughput
Lift-off
Industry standard today
Alternative lithography
Stencil
Nanoimprint
microcontact printing
scanning nanoprobes
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How to make a photo mask?




=PFL From design to a micro/nanodevice




=PFL From design to a micro/nanodevice

[y
-]

Data of micro/nanostructure (CAD)

! l
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Electron beam writer / laser beam writer

l

Mask for contact, proximity or projection lithography

B Lithography

:

|

I

l

1

l

uv:
365-436nm

DUV
157-250nm

EUV
11-14nm

X-ray

<10nm

Electron
beam
projection

lon
beam
projection

|

!

!

!

|

!

Sunum 10a.a1Q

Resist coated substrate / develop

‘ Wet/dry chemical etching

Micro/nanostructure on substrate




Semiconductor manufacturing process
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Computational lithography

I

Optical proximity ~ Source mask
correction optimization

Photoresist
coating

with unexposed
photoresist

0

Deposition

Adding a new layer of
silicon or other materials
over the wafer

— &

Processed
wafer
Repeat process
to add each

] additional layer

Covering the wafer

Scanner

Exposure
Using light in
ASML systems to
make a pattern in
the photoresist

e

Removing
photoresist
Determine impact
and key focus areas,
using a plasma

Metrology & inspection

g [=d]

YieldStar E-beam

Developing

and baking

Leaving the chip
pattern as a photoresist
mask on the wafer

Etching

Remove materials
unprotected by the
wafer resist mask
using chemicals or

<« aplasma

lon

implantation

Embed impurity atoms into areas
unprotected by resist, making
semiconducting parts in the silicon

|wsepueAydesdoyi|/d/wod adpajmouypaledliqesrmmm//:sdiy



=PFL  Lithography is limited

by diffraction

Wavelen | Source Range
gth
[nm]
Abbe's Diffraction Limit 436 Hg arc lamp G-line
405 Hg arc lamp H-line
HJ _l 365 Hg arc lamp I-line
277810 «
0 248 Hg/Xe arc lamp, | Deep UV (DUV)
KrF excimer
laser
193 ArF excimer DUV
laser
Mercury Emission Speatrum 157 F2 laser Vacuum UV (VUV)
~ 10 Laser-produces Extreme UV (EUV)
plasma sources
H G
i | ~1 X-ray tube, X-Ray
§ syncrotonon
| H
. |

0 20 0 o0 550 o0 o0 o =0
Wavelength (nm)




=PFL Contact and proximity

= Contact exposure.
* Mask is in physical
contact with substrate

* Best resolution
(diffraction limited)

* Risk of contamination

= Proximity exposure:

* Mask is a few
micrometers above
the substrate

* Loss in resolution

* No risk of
contamination

contact

proximity

Light
source

mask

/\

resist

substrate

Light
source

/\

resist

substrate

Bap

MFS =dx I
d = thickness(resist)

I = wavelength

MFS » \(d+g)x I

d = thickness(resist)

g=gap
I = wavelength




=P*L Projection lithography (DUV stepper)

Mainly used today for IC industry

Picture of the mask is projected

No contact

No deterioration

Excellent resolution (reduction
e.g. 4x, 5x)

Reduction of errors

= Stepper, x-y movement, from
field to field

projection
;ic:g:rtce Rayleigh criterion says:
MFS=0.61*A/NA
" Condenserlens )
v

resist

substrate

In microlithography:
MFS=k,*A/NA
k,=technology cte (0.5-0.9)
Non-ideal behavior of equipment

Lens error
Resist processing, shape, etc.

MFS =+/d -4
d =thickness(resist)
A = wavelength




€PFL  Resolution enhancement of Optical

Lithography

n i : }\’
Resolution R: R= k A DOF= k,

= Depth of Focus DOF: NA NA?

To decrease R: = need to decrease A and increase NA (stepper)
But: DOF decreases too

- need to decrease k;,

k, = optical engineering = f(resist, mask, illumination)

Examples: Optical Proximity correction (OPC), Phase shift mask (PSM), Off-axis
illumination (OAI)
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B 2nd week /28 Sep

2 possible ways to make
metal wires

= Deposition of metal + lithography + etching
= Lithography + deposition of metal + resist stripping (lift-off)

N}
~
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How to break the diffraction limit?

= Use Electron-beam lithography

No photons but electrons

Primary electrons hit the sample

Forward scattered

Travel through the resist with high energy
Some electrons are back-scattered

Responsible for the broadening of resist exposure

Primary
| electrons

N

Secondary T

) 4
Resist < % N \electrons

¥
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B Lithography

Today - Lithography

Industry standard today
Alternative lithography
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Nanoimprint
microcontact printing
scanning nanoprobes
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B Lithography

Today - Lithography

<IEEE

Advancing Technology
for Humanity

INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMSYM

INTERNATIONAL
ROADMAP
FOR
DEVICES AND SYSTEMS

2023 UPDATE

LITHOGRAPHY & PATTERNING

N
©
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B Lithography

Table LITH-1 Lithography Technology Requirements

Parameter 2022 2025 2028 2031 2034 2037
MPU / Logic
Logic device technology naming [F} G48M24 G45M20 G42M16 G40M16T2 G38M16T4 G3IBM16T6
Logic Industry "Node Range" Labeling “3nm" [ "2nm" [ "1.5nm" [ "1.0nmeq" [ "0.7nm eq” [ "0.5nm eq" |
Logic device structure options FinFETLGAA LGAA LGAA LGAA-3D LGAA-3D LGAA-3D
MPU/ASIC Minimum Metal 3% pitch [nm) 12.0 10.0 8.0 8.0 8.0 8.0
Metal LWR (nm]) [C] 1.8 1.5
Metal CD control (3 sigma) (nm) [B] 1.8 1.5
Contacted poly half pitch (am} 24.0 225 21.0 20.0 19.0 19.0
Physical Gate Length for HP Logic (nm) 16.0 14.0 12.0 12.0 12.0 12.0
Gate LER (nm) [€] 1.1 1.0 0.8 0.8 0.8 0.8
Gate CD control (3 sigma) (nm]) [B] 1.6 14 1.2 1.2 1.2 1.2
Overlay (3 sigma) (nm) [A} 2.4 2.0 1.6 1.6 1.6 1.6
Metal COU (nm) 1.8 1.5
Metal LER [nm]) 1.3 1.1
MPU/ASIC finFET fin minimum 1/2 pitch (am) 12.0
FinFET Fin width (nm) 5.0
Fin CD control (3 sigma) [nm) [B] 0.5
FINLER (nm) [C] 0.35
Lateral Gate All Around (LGAA) pitch 26.00 24.00 24.00 23.00 23.00
LGAA minimum width 7.0 6.0 6.0 6.0 6.0
LGAA CD control (3 sigma]) (nm) [B] 0.7
GAA LwR [nm]) [€] 0.7 0.6 0.6 0.6 0.6
MPU/ASIC minimum contact hole pitch (nm) 48 45 42 40 38 38
MPU/ASIC minimum contact hole CD (nm) 24 23 21 20 19 19
MPU/ASIC Via pitch 34 28
MPU/ASIC Via half pitch 17 14
MPU/ASIC minimum contact hole orvia CDU (nm) 2.55 212
D
Dram Minimum 1,/2 pitch (am) 17 14 11 8.4 7.7 7.0
CD control (3 sigma) (nm) [B] 1.7 14 1.1 0.8 0.8 0.7
Mininum contact/via afteretch (nm) [D] 17 14 11 8.4 7.7 7.0
Minimum contact/via pitch{nm}{D] 51 42 33 25 23 21
Overlay (3 sigma) (nm) [A] 3.4 2.8 2.2 1.7 15 1.4

N
o
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Today - Lithography

https://www.asml.com/en/technology/lithography-principles

edition 2
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Alternative lithography
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microcontact printing
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Stencil lithography
(cartoon)

= Patterning without
photoresist

= Very small (<100nm)
= Very large (mm)

= \acuum clean

= Deposition
= Etching

= Implantation

MICRO-530 2023 JBrugger
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Stencil fabrication

LPCVD 50-500 nm thick SiN

Pattern definition in photoresist

Pattern transfer into SiN

Membrane window definition and KOH etching

Fabrication of nanoscale apertures in membrane by:

» Focused lon Beam Milling
 Electron beam lithography

« Laser interference lithography
 Nanoimprint lithography

» Deep UV lithography

s §j  wee Resist == SiN

(b)

MICRO-530 2023 JBrugger
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What are the challenges?
What are the
opportunities?

Source
« Evaporated
. Material ¢

) '
.\ ’
Y y 0
' \ ’ '

' \ ’ '

' ' ’ '

: \ ’ "

' ’

Stencil membrane/
Material deposited

'
s’
' A
' Y
\ ’ . '
—'
' '
’ .
\ ’
’

Structure = 4

Gap (G)




=PrL - How to do closed

topology?

WWW.ELECTICALTECHNOLOGY.ORG

L C
C

T
T

Series RC Circuit Parallel RC Circuit

Series RLC Circuit

-

Parallel RL Circuit Parallel RLC Circuit

Resistive Circuit
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=

Series RL Circuit
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Capacitive Circuit
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Inductive Circuit
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Dynamic stenciling

stencil

Free motion

Z 100um EHT= 300K SignalA= InLe
Moo= SOX F——— oo smm  SwgemT= 00° Fram

s Dote 30 Now 2007
i Nams + COSLS s

e SEEC

M

SEM image
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Today - Lithography

Alternative lithography

Nanoimprint
microcontact printing
scanning nanoprobes

38
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=PFL . Nano-Imprint Lithography

Imprint stack preparation

Stamp (or mold), Resist, Substrate,
Chuck

I
Imprinting

Pressure Pressure / temperature / time profile

Separation
Temp control

3 ! ] 3
B S S
Heat

Residual layer etch
Remove thin resist layer by 02 plasma



=PFL . Nano-Imprint Lithography

stamp

......
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S. Chou et al. Science 5 April 1996: Vol.
272 no. 5258 pp. 85-87




=PFL - Nanoimprint Process Model

) mould h)
polymer o
substrate

=
§ Glassy
A

<

1

Transition

At Aty At,
Rubber elastic plateau

¥

106 §

Terminal Flow

103 ¥

>

T Temperature




=P*L Mlicrocontact Printing (LCP)

‘ mold
prepolymer
’_l_\_l_\_l_\_f_\_ﬂ_l_\_‘
¢ polymerize, release
v stamp
‘ |Iinkll SOIut|On
A -~
ink pad print (—
o e B e =
‘ release
* proceSS ® »a‘..’o ,’,".’ '..’"'"',’;. :".’

= http://zurich.ibm.com



=PFL - Mlicrocontact Printing

High-resolution pCP:

a) Scanning electron micrograph
of a stamp with 60 nm dots.

b) The corresponding gold dots
fabricated by printing and
etching were slightly
broadened due to ink
diffusion and substrate
roughness.

c) The gold pattern served as a
mask to etch the bare regions
250 nm deep into the
underlying silicon by reactive
ion etching.

http://zurich.ibm.com




=P*L Emerging Nanopatterning Methods

(Replication)

Soft-lithography

Nanoimprint lithography

Nanostencil lithography

Ink delivery
molecules, wet
soff-contact

Thermo-mechanical,
nano-imprinting,
hard contact

Local deposition
stencil, vacuum
o confact

Yacuum depostion ]
Stendl

o \—u—u‘u—”admm u li : iJ
g U g T — =
Ll Ll Ll
I /" Suhstrate I f Suharate I Substrate |
ik F'Dlyr'ner

10 nm
Candidate for

Integrated Circuit

44
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