


 general lithographic concepts

 EBL extensions to SEM

« SEM imaging issues

« EBL stage motion & calibration

« EBL exposure & specific issues
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Typical Electron Beam Column Zeiss Gemini™ column

cathode
Electromagnetic
aperture changer

alignment

Field lens

Annular SE-detector
Beam booster

Magnetic lens

Electrostatic lens

Specimen I

Operating principle of the LEQ 1500 series with GEMINI column.
V; - extractor voltage at first anode

V - accelerator voltage at second anode

Vg - booster voltage.

* NO e- cross over = no Boersch-effect (additional energy spread)
» beam booster voltage of 8 kV for E<20 kV (+ final retardation) = no stray field effects
» sample is not part of the column e-optics - feels low em field (ok for e.g. magnetic samples)




adjust alignment — astigmatism
by in-out of focus
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top view side view
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( far — but not too much far — from the region of exposure: 0.5-1 mm)




100nm Mag= 7000KX WD= 7mm
EHT = 10.00 kv

Take always the LOW MAG images FIRST!!I




3. Drawing

(repeated in positionlist: SPL)

e zoOom, shift, rotation

Beam: _ .
in both axis

has to move * no specific labeling
according to (u,v)




Sample <« Transformation

— Drawing

area in layout used during overall exposure,

case 2:
WA = Part of
Layout

area in WA used in different exposure steps,

(U,V) coordinates (in SPL) = center of the first WF




Sample (U,V) «— Transformation

— Beam

(zoom, shift, rot.)

necessary to avoid problems, e.qg.:

...why?
- wrong beam movement,
new required

stage
movement




2. Sample (U,V) 4, Beam

(zoom, shift, rot.)
unaligned WF

technique
a particle and the

its
assumed perfect,
on nm scale

particle ‘&

Procedure:

- choose WF

- find dust particle

- choose a point on it
& move it
to middle of image




2. Sample (U,V) <«

Transformation

— 4. Beam

(zoom, shift, rot.)

Procedure:

- SO
that particle
appears in next
corner of write
field

with SEM




2. Sample (U,V)« Transformation —— 4. Beam
(zoom, shift, rot.)

Procedure:

SO
that particle
appears in next
corner of write
field

with SEM




2. Sample (U,V)« Transformation —— 4. Beam
(zoom, shift, rot.)

Procedure:

SO
that particle
appears in next
corner of write
field

with SEM




moving stage stationary stage

Versus

\ stripes N fields




shaped beam

Versus

raster scan
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Settling time = waiting Flyback time = waiting
period at beginning of period between lines.
each element
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Flyback time = settling time x flyback factor




company

beam

scan
mode

stage

gaussian

vector

fixed

gaussian

raster

moving

shaped

fixed




aussian beam, vector scan, fixed stage

Apps: nano litho,
R&D, ...




gaussian beam, raster scan, moving stage

Ez a motion

h ! Apps: mask making

(e.g. used by MEBES (Etec Systems Inc.))




shaped beam, moving stage

electron beam

first shaping aperture

second shaping aperture
beam deflectors

wafer  two fields
Apps: mask making,

advanced chip
development
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Spin coating l

resist

After x process steps
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Hurter-Driffield contrast curve (1890)
Contrast y = [log(D)-10g14(D7)]
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High contrast:

Low contrast:




* positive or negative: depends on which will give
a
* literature and resist suppliers for
with respect to e.g.

* check your :
e.g. required baking steps and chemicals

because of the critical Post Exposure Bake
* make tests with ,
as the same

= use for example




Properties
* very

 hence very
 (generation of
with a few eV




Properties

* high kinetic energy,
range of the PE




SE with few eV kinetic
energy are responsible
for most of the resist

exposure

Hence
within the resist Is
responsible for

And
responsible for




= Hishton's
«  Schock's
-- +— Simulation

)

- ] T T
140 1500 2000
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Y. Lee, W. Lee, and K. Chun 1998/9,

“A new 3 D simulator for low energy
(~1keV) Electron-Beam Systems”
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number of electrons o T, x|

beam

Unit is yAs/cm?

Unit is pAs/cm

Unit is pAs




Important note:
The used has to be fit
to the in the layout!

Example:

Exposure of gratings:
step size (s) does not match grating period (g)

i ! E i e.g.s=8nm,g=10 nm




10 kV 20 kV 30 kV

100 pC/cm? 200 uC/cm? 300 uC/cm?

300 pC/cm 600 pC/cm 900 pC/cm

0.1 pC 0.2 pC 0.3 pC

(developer: MIBK + IPA, 1:3)

Above values are good starting points.
Best way to get optimum results:
>
0.5 -5, (for Dots: 0.1 — 10)




test structures
with different
T e
DOSE  TEST

1007

4007 8007/

Raith 150 EHT =10.00 kv Signal A = InLens Date :8 Jul 2002
Mag= 800X Aperture Size = 30.00 pm Time :16:51

(or e.g. taxi-checkers)




Acceleration
voltage
(penetration
depth)

Aperture
(Ibeam)

(A guide to Scanning Microscope Observation, Jeol web page 1999)




beam:

* Thick resists (forward scattering)

* Thin resists (~0.5 nm by diffraction, de Broglie wavelength)
* SE range (5-10 nm)

resist:

* Polymer size (5-10 nm)

» Chemically Amplified Resists (acid diffusion ~50 nm)

In practice, best achievable resolution:
In polymer resists
(in inorganic resists, currently impractical, ~ 5 nm)

(Mark A. McCord, Introduction to Electron-Beam Lithography, Short Course Notes Microlithography
1999, SPIE's International Symposium on Microlithography 14-19 March, 1999; p.63)




Cursor Height = 16.04 nm

Raith 150 300nm EHT = 10.00 kv Signal A = InLens Date :15 Jan 2003
Mag = 6576 KX |—|WD = 6mm User Name = QCHECK Time :17:34:06

Ultra high resolution in PMMA (45 nm thickness):




AZ PN114 (CAR negative)
Dense Lines (Distance 3x Linewidth)
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Johannes Kretz, Infineon, Munich




e trajectories for:
Pattemn « 1.5 pum thick resist on Si wafer

| top view * 50 trajectories, 25 keV beam energy
Primary Total

Electron Absorbed R
Dose Dose

orimary beam
Clearing -

/ftm.vam scatter
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INTER AND INTRA PROXIMITY EFFECTS IN E-BEAM
EXPOSURE CAUSED BY ELECTRON SCATTERING . - . .
(Kyser, Viswanathan, "Monte Carlo simulation

of spatially distributed beams in EBL",
J. Vac. Sci. Technol. 12(6), 1305 (‘75))




TILIXILL

weesaanee

Raith 150 3um EHT = 10.00 kv Signal A = InLens g i EHT =10.00 kv Signal A = InLens Date :18 Feb 2003
Mag= 233KX |—| WD= 7mm User Name = GQS .10 ; |—| WD= 7mm User Name = GQS Time :19:48:28
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Each pattern element
needs a different dose
- here shown by colors -

u




Conclusions

« still a approach

. technique: possibly repeated,
but no real 3-D outcome

e carries all
slow, invasive, need vacuum,

problems with insulators, ...

» ok for research, prototyping, R&D,




