3D electron beam lithography
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* The need of 3D nanostructures as such as lenses, blazed gratings,
diffractive optical elements, and holograms is increasing

* 3D lithography is more challenging than binary lithography

 Low contrast resist processes and accurate adjustment of
exposure doses are of uptmost importance

* Proximity effects modify CD and height of a structure
* Resist development process affects the lateral development

* BEAMER offers a model-based 3D PEC that combines correction for
electron scattering proximity and resist development process effects
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{° 2D lithography vs 3D lithography }
* 3D e-beam lithography correction

* Contrast Curve
* BEAMER Shape Correction
e Surface roughness

* Summary
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* Preprocessing
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General steps in lithography
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* Preprocessing

Cleaning, Baking, Adhesion Promoter
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2D vs 3D Exposures
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2D Correction 3D Surface PEC
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Dose
Low

High

Target: Require absorbed energy at all Target: defined resist thickness for all
feature edges to have same value surface level
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3D Lithography Examples

 Micro Lenses

. . LensArrays

\  +Blazed Gratings

*Holograms

W\ «Integrated Optics

e Prisms
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Challenges in 3D Lithography
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Challenges in 3D Lithography

Complex combination of:
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* 2D lithography vs 3D lithography
* 3D e-beam lithography correction

~ Outline

{ * Contrast Curve

* BEAMER Shape Correction
e Surface roughness
* Summary
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Here is what to do:

e 18 (or more) doses, each block:

* Width > 3 X Beta (want flat region)
* Length easy to measure with profilometer

* Separated to not interact

 We used 150 pum x 300 pm

w UMNIVERSITY of WASHINGTON
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e Resist Thickness vs Dose values are inputs

into BEAMER’s 3D-PEC Module

Resist Thickness Remaining (nm)

1200

:

3

3

8

3

Resist Thickness vs Dose: P(MMA-MAA) Copolymer

50

100

150 200 250

Dose (uC/cm2)

300

350

400

450

Contrast Curve for Correction

™

g Contrast Curve
Original Thickness [um] 9 Import...
Grey Value Resist thickness [um] I Export...
’ 0.000000 8.905130 T
1.000000 8.814754
Delete Row

2.000000 8.728659

3.000000 8.646438

4.000000 8.567715

5.000000 8.492141

6.000000 8.419395

7.000000 8.349183

8.000000 8.281231

9.000000 8.215291

10.000000 8.151136

11.000000 8.088556

Development Rate Model
Model
O Dev. Rate O Mack 4
Dill C Absorption
RMS: 5.378 um
Run Fit...
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Contrast Curves Examples
®  Using common materials
e o (MMA-MAA 8.5%) - EB292 - Copolymer Contrast Comparison
COpOlymer’ EL1T <“~EB292A 1:3 60 sec
® Bake 180C, 3 minutes 1000 \ EB292B 1:3 120 sec
E : :
® ~ 1000 nm thickness < 800 BN ~EB292C 1:1 60 sec
£ \ ~<EB292D 1:1 30 sec
® Development 1:3 MIBK:IPA [~ \
60 s + IPArinse for 15 s & \
g x
® Wantlower contrast g
K =
=
®  The lowest dose is limited by E 200
hardware, so you don't want too “ 0 b .
much sensitivity or you won't achieve 0 50 100 150 200 250 300 350 400 450
shallow depths! Dose (uC/cm?2)
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* 2D lithography vs 3D lithography
* 3D e-beam lithography correction
* Contrast Curve

~ Outline

{ * BEAMER Shape Correction

e Surface roughness
* Summary
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3D Surface PEC

Process chain for multilevel resist pattern

(greyscale electron-beam lithography)
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-IL—/; contrast curve g @)
% 97 for PMMA - (02 Z Resist pat
2 g g esist pattern

50100 150 200 250 300 350 400
Dose [uC/cm2]

(cross section)

BEAMER

Dose distribution ( top view)

35%
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1050 nm high PMMA resist after development
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CAD Drawing (Colors are layers)
Cross-section Desired -

1 X 47162289 um, ¥ -58 965585 um,
Jmna|ndFYRAMID_Bum_1 16 5:Rect (L16(0), E.1.000)

Hx psesss1gu -61.622616

m, Y. -6 um,
Hmdin/PYRAMID Bum_1_16_5:Rect (L:12(0), E:1.000)

T2 % £4 044739 um, ¥, 53742584 um,
HEInFYRAMID Bum 1 L6 5-Rect (LB(0), E.1.000)

% 54122632 upn, v 67 152796 um

JmainfPYRAMID_Bum_1_1d_5-Rect (L{(0), E-1.000)

3D PEC Computes Exposure Doses e

‘ 24 57.417942 um, v: -58.004939 um,
— Jimain-Rect (L-16(0), E:1 523)

| : 55459628 um, Y -60.847652 um,
TnainRect (L12(0) E:1.354)

X 53.975101 um, Y: -63.627154 um,
i{main:Rect (L:8(0), E:1.157)

- 14 x:53.111544 um, ¥ -67.133206 um,
JimairyRect (L-4(0), E:0 897}
l l

1.084. I1.534

w UNIVERSITY of WASHINGTORN

10.0kvV  X4,000 WD 89mm Tum
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LEI 10.0kY  X5500 WD 8.9mm Tum
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* 3D e-beam lithography correction
* Contrast Curve
* BEAMER Shape Correction

~ Outline

{ e Surface roughness

* Summary
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Dose dependence of layer (surface) roughness

Exposure of standard test pattern using different contrast curve

1050 nm 950k PMMA
679.04 developed
using 30 sec MIBK +
30 secIPA @ RT

base dose = 200 uC/cm?2

.....
SRR,
..............

A 35%  60%  80% @ 92% 100% ER DL

Surface roughness
increasing with
higher exposure

silicon Tum ey
- o S 1050 nm 950k PMMA Dose-depth correlation for 1 ym PMMA 950k resist
| S 679.04 developed Contrast curve for different development times (using MIBK at 20 °C) and resulting development rate
- - - R, < 8 using 300 sec MIBK +
-~ = - ~ - 30 seCTPA@ 20 T ; &
- P — e A &

e BES base dose = 40 uC/cm2 4 A1

— - - 08 4 Z 32
~ . 07 | 28

056 -

0.5

04

norm. height [a.u.]

0.3 4

Scheuntz, Vitaiy Guzenko - Paul Schemer Instiug - 5232 Villigen PSI - Switzedand o

development rate [nm/sec]

« Longer development times result in lower base doses, oo™

50 100 150 200 250 300 350 400 450 500

leading to reduced roughness -
« Multipass (for high doses) helps for reducing roughness
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Electron Beam 3D lithography

FAUL SCHERRER INSTITUT

Bsl
3-D e-beam lithography

520 nm 950k PMMA / Standard development at PSI i

preliminary result

)

S

200 pA /75 uClcm2
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Arbitrary 3D Image
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o

o

EHT = 10.00 kV Signal A = InLens Date :11 May 2015

WD = 5.1 mm Mag= 5.00KX Time :15:25:39
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* 2D lithography vs 3D lithography
* 3D e-beam lithography correction
* Contrast Curve
* BEAMER Shape Correction
e Surface roughness

~ Outline

£°Summary

App-note 3D e-beam

25



enlSys
g Advancing the Sgldard Su m ma ry

* The 3D PEC module in BEAMER enables to control the resist thickness

* Contrast curve maps resist thickness to energy, and the PSF corrects the
proximity effect

* The resist development process plays a key role for thickness control and
smooth surface

* Longer development times, low doses and multippass on high doses
reduces suface roughness

* Temperature treatment after development smoothens the surface

App-note 3D e-beam
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Thank You!

BEAMER TRACER

support@genisys-gmbh.com

VIEWER

Headquarters

GenlISys GmbH

Eschenstr. 66

D-82024 Taufkirchen (Munich)
GERMANY

+49-(0)89-3309197-60

+49-(0)89-3309197-61
P< info@genisys-gmbh.com

USA Office

GenlSys Inc.

P.O. Box 410956
San Francisco, CA
94141-0956

USA

+1 (408) 353-3951
D4 usa@genisys-gmbh.com

Japan / Asia Pacific Office
GenlSys K.K.

German Industry Park

1-18-2 Hakusan Midori-ku
Yokohama 226-0006

JAPAN

+81 (0)45-530-3306

+81 (0)45-532-6933
P4 apsales@genisys-gmbh.com
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