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PART I

E-beam Lithography @ DTU Danchip

How does an electron beam writer work 
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Spot electron-beam writer

wafer spin coating patterning developing

minimum beam 
diameter ~4 nm

minimum 
linewidth ~10 nm

shot pitch

electron sensitive resist
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Spot electron-beam writer

minimum beam 
diameter ~4 nm

minimum 
linewidth ~10 nm

shot pitch

Dose 
 (number of electrons per 

area) is determined by beam 
current and dwell time in 

every shot

Q = 
i t
A

f = 
i 

Q p2

[Q ]= 
µ C
cm2

p=shot pitch
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Spot electron-beam writer

w = 100 nm

l = 1 mm

Q = 300 µC/cm2

p = 5 nm

i = 2 nA

t = 
Q A
i

f = 
i 

Q p2 = 2.7 MHz 

= 0.15 s



Column of e-beam writer JBX9500

  3  EXPLANATION OF THE SYSTEM 

3.2.2 Electron-Optical System 
The figure below shows the structure of the electron-optical system of the lithography 
system. The explanation of each component follows on the next page. 

 01 Emitter 

02 1st Anode 

07 2nd aligner (upper) 

03 2nd Anode 

04 Acceleration electrode

05 GND anode 

06 1st aligner 

09 2nd aligner (lower) 

08 Blanking electrode (upper)

10 Blanking aperture 

11 Blanking electrode (lower)

12 2nd lens 

14 DF corrector 

13 3rd lens 

15 Objective aperture 

16 DS corrector 

17 Electromagnetic stigmator

18 Sub deflector 

19 Objective lens 

20 Main deflector 

 

Fig. 3.3 Electron-optical system 

EB9500FSZ-OG-1  3-5 

Magnetic Electron Lenses

The 2nd/3rd lenses (zoom lenses) 
determine the beam current. 

The 4th lens (objective lens) projects the 
beam spot to the substrate.

Simple magnetic lenses and quadrupole 
lens (right)

ammrf.org.au
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Emitter 
1. thermal emission source: stable, high 

energy spread, dies fast 
2. cold field emission source: lower 

energy spread, enhanced brightness, 
not stable (noisy - tip 

contamination), long term drift

Brightness  
(A/cm2/sr) Source size

energy 
spread 
(eV)

vacuum 
requirements 

(Torr)

W 
thermionic ~105 ~25 µm 2-3 10-6

cold field 
emission ~109 ~5 nm 0.22 10-10

thermal 
field 

emission
~108 ~20 nm 0.9 10-9

Handbook of Microlithography, Micromachining, and Microfabrication, SPIE, 1997
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Einzel Lens
Electrostatic lens with acceleration 

electrode. Electrostatic lenses have worse 
abberations than magnetic lenses; most often 

found in gun region

www.physics.purdue.eduwww.cnf.cornell.edu

https://www.physics.purdue.edu/primelab/ion_source/einzel_lens/einzel_lens.html
http://www.cnf.cornell.edu
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Blanking electrode and aperture 



Column of e-beam writer JBX9500

Objective aperture

JBX9500FS

condition files
0.2nA_ap5, 2nA_ap5, 
6nA_ap6, 10 nA_ap7, 
20nA_ap7, 30nA_ap7, 

60nA_ap7

aperture 5
aperture 6

aperture 7

aperture 8
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1 mm

1 m
m

4 µm x 4 µm

Deflectors 

• secondary (sub) deflector (4 µm x 4 µm,100 MHz) 
• primary deflector (1 mm x 1 mm)

100 nm lines and 
spaces 

10 nA 
shot pitch 6 nm  

~11 ns dwell time
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0.4º

500 µm

67 mm 1 µm

7 nm

  3  EXPLANATION OF THE SYSTEM 

3.2.8 Absorbed-Electron Detection 
The stage has an absorbed-electron (AE) signal detector that consists of a mesh mark and 
a semiconductor detector (PNJ) under the mesh mark. The lithography system scans the 
mesh mark by using the electron beam to obtain the AE signal, converts the signal from 
analog to digital, integrates it, and then determines the signal shape by curve fitting; the 
resulting coefficient determines the mark position and the beam size. Since the beam size 
is measured automatically, minimizing the beam size can adjust the focus automatically. 

Beam position and 
size are determined 

Aperture

Knife 
edge

PNJ

AE signal 
detector 

Gain/offset adjustment 

AD converter 

Integration and 
curve fitting 

Deflector

Objective lens

 

Fig. 3.10 Absorbed-current detection system 

 

3.2.9 Height Detection 
The detection system forms optical slit images on the substrate to re-form the slit images 
reflected from the substrate surface on the CCD surface. If the substrate height changes, 
the slit-image positions on the CCD surface change accordingly. The system measures 
the amount of change of the height. The system uses infrared light for a light source.  
The difference in height between the height-reference plane (lower BE mark) and the 
substrate surface is defined as the height displacement. Using the height-correction 
coefficient discussed later, the system provides feedback on the focus to the objective 
lens and on the deflection amplitude (gain)/rotation correction to the main and 
sub-deflectors. 

 

Substrate 

D/A converter 

CPU 

Image-processing system 

Objective lens

Deflector

CCD 

Infrared light 

Filter slit

 

Fig. 3.11 Height-detection system 

EB9500FSZ-OG-1  3-11 

Deflectors
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Dynamic focus and astigmatism correction

1 mm

1 
m

m
1 mm

1 mm

1 
m

m
1 

m
m Beam shape in center of field and 

deflected to corners of field

Beam shape in center of field and 
deflected to corners of field 
corrected for dynamic focus

Beam shape in center of field and 
deflected to corners of field 

corrected for dynamic focus and 
dynamic astigmatism
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Dynamic focus and astigmatism correction

500 µm

50
0 

µm
20nA, 150 µC/cm2 
shot pitch 200 nm 

~50 nm CSAR 
60s dvlp AR600546 

30s nano1.42 etch @ -20ºC 
gentle resist strip (O plasma)
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SFOCUS

Subprogram that adjusts the focus and 
astigmatism of the objective lens,and the 
electromagnetic stigmator (astigmatism 
correction) coil.  

PDEFBE
Using the BE mark, PDEFBE automatically 
corrects the deflection gain and corrects the 
rotation of the main deflector.  

DISTBE Measures and corrects the deflection distortion 
of the electron beam in the writing field

SUBDEFBE
Corrects the deflection gain of the sub-deflector 
and corrects the rotation  

HEIMAP

Measures the height of substrate within the 
specified range. Electron beam is focused to 
average height of substrate. This only applies to 
direct writing (mask writing). 

Daily calibration routine
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PART II

E-beam Lithography @ DTU Danchip

Proximity Effect 
Charging Effect 

Resist types: Positive and Negative 
Heisenberg Uncertainty Principle 

Temperature Issues 
Exercise: calculation of beam diameter 
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Electron-matter interaction

150     Lithography 

diffraction. However, some problems appear in e-beam lithography as the electrons 
interact with matter. 

 

Figure 3.26. Trajectories of the electrons by Monte Carlo simulation for a 50 kV acceleration 
tension, a 500 nm-thick resist and a silicon substrate 

 

Figure 3.27. The different types of interactions 

Since electrons are particles able to collide with atoms, elastic and electrostatic 
interactions happen with the nuclei of the atoms when they penetrate matter. The 

 

Radial Position (nm)

Depth reached 
into the 

resist/substrate 
material 

(nm) 

Incidental electrons

Secondary 
electron

Electron cloud 

Scattered electronScattered electron

Back-
scattered
electron 

Nucleus

Forward scattering 
1. electron-electron 

interactions 
(ionization or 
excitation) 

2. some energy 
transferred: inelastic 

3. causes widening of 
exposure regions

Backscattering 
1. electron-nucleus 

interactions 
2. electron retains 

(most of) its 
energy: elastic 

3. change of travel 
direction

distance

in
te

ns
it

y

backscattered electrons

forward scattered electrons
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152     Lithography 

 

Figure 3.29. The effect of backscattered electrons on a dense pattern 

Indeed the lines at the edges of the array are less overexposed than those at the 
center since they have fewer lines close to them. Thus the modification of the 
dimensions due to proximity effects will not be the same for all the lines in the 
array. It is thus difficult to accurately control the dimensions of all the features at the 
same time, and as a consequence corrections are required in the area of the design 
containing both dense and isolated features. 

3.10.3.2. Proximity effect correction 

Correction of proximity effects consists of generating the image of the original 
design on the wafer. To do so, all the parameters that may influence the trajectories 
of the electrons must be taken into account. The general procedure for proximity 
effect correction in electron beam lithography is almost the same for Gaussian 
shaped beam, cell projection and multibeam. The procedure is the following: 
determination of the scattering parameters, then choice and implementation of the 
correction model (dose modulation, design correction or “ghost” method). 

3.10.3.2.1. Scattering model 

The energy distribution in the resist or the substrate can be modeled with 
reasonable precision by the Bethe equation [BET 34], considering that the speed of 
the electrons decreases as they go deeper into the resist and the substrate. The 
Rutherford model which takes elastic collisions into account can also be used. The 
different materials and geometries of the design make the analytical modeling very 
difficult to compute, whereas the Monte Carlo technique, in which trajectories of a 
large amount of randomly selected electrons are simulated, is much easier to use. 
The input parameters of these kinds of models are the energy and the number of the 
incident electrons, sometimes the beam diameter, the thickness and density of the 
resist, as well as the chemical composition of the materials stacked underneath. 
Thanks to a Monte Carlo simulation, the energy distribution into the resist versus the 
radial distance from the spot of the incident beam can be obtained. 

 Width 1    >   Width 2 
  Dense          Semi-dense Intensity 

Resist 
threshold 

Substrate 

6 nA, 150 µC/cm2  

shot pitch 200 nm, ~50 nm CSAR 
60 s development N50, 30s nano1.42 etch @ -20ºC, gentle resist strip (O plasma)

Electron-matter interaction
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100 keV 20 keV 5 keV

α 0.007 0.12 1.33

β 31.2 2.0 0.18

η 0.74 0.74 0.74

500 nm resist on Si 
substrate

with the new 1Gþ 2E PSF form (the red dotted line).
Figure 8 compares the fitting results in the FS region
(<7 nm). The new 1Gþ 2E PSF form shows an obvious
improvement compared with the conventional 2G PSF
form. It also presents a more accurate fit to the target PSF
than the conventional 3G and 2Gþ 1E PSF forms do.
This is due to a more accurate basis function (exponential
function) being adopted to describe the target PSF in this
region. For the BS region as shown in Fig. 9, the conven-
tional and new PSF forms provide the same fit, which is
due to how they are represented by the same basis function
(a Gaussian function). It can be concluded that the FS region
and the transition region between the FS and the BS regions
of the AED more closely follow the exponential function
than the Gaussian function. Table 3 shows the LOGNSSE
PI, which is the minimal value of the LOGNSSE MF, in
quantified results for comparing the fitting improvements
of all of the PSF forms. Relative to the conventional 2G,
3G, and 2Gþ 1E PSF forms, the new PSF form provided
7.11-, 2.26-, and 1.62-fold improvements, respectively.
According to the fitting results in this section and the pattern-
ing-prediction results from Sec. 3, it can be concluded that
the LOGNSSE MF should be less than or equal to 0.7364 so
that the CD deviation and the LES deviation would be less
than or equal to 0.5 nm and 1.25 nm, respectively. The pat-
terning-prediction results may vary when the test pattern and
the process conditions are different from those assumed in
this paper.

4.2 Improvements in Patterning-Prediction Accuracy
The effectiveness of using the new PSF form under a given
set of exposure conditions is evaluated by examining four
test patterns, which represent various types of patterns
that might be encountered in real product designs: (1) isolated
line with various widths, (2) isolated line with various
lengths, (3) dense lines with various spacings, and (4) a
real circuit. Not only the CD deviation but also the LES,
simulated using the new PSF form, is discussed. The LES
causes serious problems, especially in areas where the
positioning of the line end is of critical importance, such
as in the overlap between the gate of a transistor and the
underlying active areas.8 Sections 4.2.1–4.2.4 compare the
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Fig. 6 Overall comparison of fitting results among the AED, three con-
ventional PSF forms (2G, 3G, and 2Gþ 1E), and the new PSF form
(1Gþ 2E).
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Fig. 7 Enlargement of Fig. 6 within the transition region (at
12 ∼ 60 nm) between the FS and the BS.
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Fig. 8 Enlargement of Fig. 6 for the FS region (less than 7 nm).
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Fig. 9 Enlargement of Fig. 6 for the BS region.

J. Micro/Nanolith. MEMS MOEMS 013009-7 Jan–Mar 2012/Vol. 11(1)

Liu, Ng, and Tsai: New parametric point spread function calibration methodology for improving the accuracy of patterning : : :

Downloaded From: http://nanolithography.spiedigitallibrary.org/ on 04/13/2015 Terms of Use: http://spiedl.org/terms

100 keV electrons on Si substrate 
PyPenelope

Electron-matter interaction

J. Micro/Nanolith. MEMS MOEMS 11(1), 013009 (Jan–Mar 2012)  

Dose modulation 
simulated by BEAMER 
software using double 

gaussian proximity 
effect
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Discharging defects 
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E-beam resist

Electron Beam Lithography     123 

3.7. Physical effect of electronic bombardment in the target 

3.7.1. Polymerizing, chemical bond breaking 

For lithography, the target’s surface is generally made of a photosensitive resist, 
polymer-type organic material. The electrons from 0.1 to 100 keV that hit the target 
break the molecules or create bonds to make bigger molecular chains, in particular 
with interchain bonds called cross-links. Although both phenomena simultaneously 
coexist, one of them prevails for a given material, which determines the effect 
produced by the bombardment. In the case of polymers, carbon-carbon or carbon-
hydrogen bonds can be broken with little energy: 

C-H 4.3 eV (413 kJ/mol) 

C-C 3.6 eV (348 kJ/mol) 

C=C 6.4 eV (614 kJ/mol) 

C≡C 8.7 eV (839 kJ/mol) 

Under the effect of the bombardment, the polymer chains become more or less 
soluble depending on whether they are fragmented (positive resist) or insoluble 
when they get longer or cross-link (negative resist). Figure 3.19 gives a schematic 
representation of the basic resist mechanisms, showing the crosslinking of a negative 
resist and the fragmentation of a positive resist. Further information about resist 
chemistry can be found in Chapter 6. 

 

Figure 3.19. Schematic representation of e-beam insulation mechanisms: 
(a) a negative resist, for example HSQ; (b) a positive resist, for example PMMA 
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Figure 3.19. Schematic representation of e-beam insulation mechanisms: 
(a) a negative resist, for example HSQ; (b) a positive resist, for example PMMA 

Positive resist: scission

G(s) - number of main scissions produced per 100 eV of energy absorbed 
G(x) - number of crosslinks produced per 100 eV of energy absorbed

Negative resist: crosslinking

G(s)
G(x) > 4G(s)

G(x) < 4

William Tiddi
AR-P 6200 (CSAR), AllResistmrEBL6000.1 MicroResist
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mrEBL CSAR

dose 
µC/cm2 20 300

electrons/
nm2 1.25 18.75

electrons/
beam shot 25 368

P(m-1) ~ 8% ~ 2%

5 nm
A = 19.6 nm2

Beam shot

Pn =
mn

n! e -m

Poisson distributed
Normal distributed for large m

m = expected 
n = true

Contrast curves

Resolution and 
sensitivity walk 
hand in hand



Tine Greibe

Contrast curves

4.1 Resist as-is

Spin Speed Thickness St. Dev.

(rpm) (nm) (nm)

2000 103.28 0.5
3000 87.67 0.36
4000 77.59 0.4
5000 71.16 0.68
6000 67.95 0.52
7000 66.11 0.63

Spin speed (rpm)
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Spin curve of mr-EBL 6000.1 (MicroResist)
on Spin Coater Manual Labspin

4.2 Diluted resist

Spin Speed Thickness St. Dev.

(rpm) (nm) (nm)

2000 50.12 0.18
3000 42.03 0.28
4000 37.61 0.46
5000 34.08 0.32
6000 32.39 0.32
7000 31.63 0.31

Spin speed (rpm)
2000 3000 4000 5000 6000 7000
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kn
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m

)

30

35

40
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Spin curve of mr-EBL 6000.1 (MicroResist)
1:1 in Anisole

on Spin Coater Manual Labspin

5 Contrast Curves and Profiles

Exposure is performed on the JBX9500 E-beam Writer, using 0.2 nA beam current, aperture 5, doses in the
6-80 µC/cm2 range. The dose test focused on 100 and 500 nm wide lines.

Contrast curves are provided for 100nm lines with a 4 µm pitch. Measures were obtained with atomic
force microscopy (AFM) inspection on the Icon AFM tool. A second set of measures is obtained via direct
SEM inspection of a cross section of the lines. Clearance dose for 100 keV is higher than those at lower
acceleration voltages (provided by the supplier) as expected. However, contrast appears to decrease, although
resist guidelines suggested the opposite.

Dose (µC/cm2)
1  10 100

N
or

m
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iz
ed

 re
m

ai
ni

ng
 th

ic
kn

es
s

0  

0.2

0.4

0.6

0.8

1  

Contrast curve for 100 nm lines
in ~80 nm thick mr-EBL 6000.1

AFM inspection
SEM inspection

3

mrEBL6000.1 AR-P 6200 (CSAR)

270 µC/cm2 240 µC/cm2 210 µC/cm2 180 µC/cm2 150 µC/cm2

100 nm lines, 200 nm spaces, ~150 nm thick CSAR, AR-600-71 at ~20ºC

100 nm lines, ~80 nm thick mrEBL, mrDEV at ~20ºC

William Tiddi, Graph and SEM pictures AFM: Berit Geilman Herstrøm, DTU Danchip (2015)
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Fundamental quantum mechanical limit of electrons

Heisenberg 
uncertainty 

principle

25

Δx

Δp

Δx Δp ≥ħ

50 nm

1

p = meve = mec

p
E

2 + 2EE0

E + E0

�p = 0.1%p

�x =
~
�p
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Hands-on the JBX9500

0.3ºC

Cassette loader temperature

On stage temperature

α 
(10-6/K)

ΔL (4” 
wafer)

ΔL 
(cassette)

Al 23.1 693 nm 2426 nm

Ti 8.6 258 nm 903 nm

Si 2.56 77 nm

ΔL=L0αΔt

L0 = 100 mm
4” wafer

cassette
L0 = 35 mm
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Optimizing electron beam lithography in the nanometer range, Vladimir Zlobin,13 April 2006, SPIE Newsroom

Parameter value

beam current i [A] 1E-09

Brightness B [A/cm2/sr] 1E+09

Average energy of electrons E0 [keV] 100

Energy spread of electrons ΔE [eV] 1.5

de Broglie wavelength λ [pm] 3.88

convergence half-angle α [radians] 2E-03

Chromatic aberration coefficient of final lens Cc [mm] 40

Spherical aberration coefficient of final lens Cs [mm] 60

Theoretical limit of beam diameter of an electro-optical 
system
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Optimizing electron beam lithography in the nanometer range, Vladimir Zlobin,13 April 2006, SPIE Newsroom

Theoretical limit of beam diameter of an electro-optical 
system
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PART III

E-beam Lithography @ DTU Danchip

Introduction to JEOL JBX-9500 
Preparation of files 

Calibration of Machine before exposure 
Exercise: preparation of sdf, jdf, and v30-files 
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E-beam Lithography @ DTU Danchip
Lithography team  

Leif Johansen (Head of Lithography) 
Elena Khomtchenko (UV, DUV) 

Matthias Keil (DUV) 
Anders Gregersen (workshop) 

Henrik Nyholt (workshop) 
Thomas Aarøe Anhøj (UV, E-beam, DUV) 

Tine Greibe (E-beam) 

Peixiong Shi
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E-beam Lithography @ DTU Danchip

JEOL JBX-9500FS: Installed 2012 
ISO 4 (class 10) cleanroom 

Temperature drift control 0.05 K/h 
Screened from magnetic noise (0.05 µT) 
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E-beam Lithography @ DTU Danchip
(1) On weak ground (on reclaimed land, near the 
edge of a lake or river, near the sea shore, etc.) 
(2) Within 50 m of a motorway 
(3) Within 100 m of a railway 
(4) Within 15 m of an elevator 
(5) Within 10 m of an electrical machine of 10 kW or 
more 
(6) Within 10 m of a large transformer of 10 kVA or 
more 
(7) Within 3 m of indoor wiring rated at 100 A or 
more 
(8) Within 20 m of high-voltage wiring in a factory 
(9) Within 30 m of an electric-power substation 
(10) Within 150 m of high-voltage transmission lines 
(11) Within 1 km of a transmitter antenna 
(12) Within 2 m of a personal computer or other 
computer 
(13) Where a high-power transceiver or wireless 
telephone is being used 
(14) A very acoustically noisy place
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E-beam Lithography @ DTU Danchip
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1.File preparation: sdf-file, jdf-file and GDS-file 

2.Converting of GDS to v30 

3.Compiling of files 

4.Load of substrate 

5.Calibration of column 

6.Exposure 

Procedure
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File preparation: sdf-file, jdf-file and GDS-file
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Creation of sdf- and jdf-file
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Creation of sdf- and jdf-file

#7                                      cassette #7 
%4A                                  wafer position 4A 
JDF ‘qc12w1003’,1      jdf file, layer 1 
ACC 100                          acceleration voltage                  
CALPRM ‘2nA_ap5’     condition file; 2 nA 
DEFMODE 2                   2 deflectors in use 
GLMDET S                      global mark detection 
CHIPAL 4                        chip mark detection 
RESIST 300                   dose in units  
SHOT A,8                        shot pitch 4 nm 
OFFSET (0,0)                pattern offset
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Creation of sdf- and jdf-file

ARRAY 1: Array of 3x3 chips, pitch 
1000, center of upper left at 

(-1000,1000), each chip patterned 
with v30-file ‘TIGRE_L1CM4.v30’

Array of 3x3 chips, pitch 10000, 
center of upper left at 

(-1000,1000), each chip patterned 
with ARRAY 1

x

y
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The inputs and outputs of each module are illustrated by white tags. Two 
modules are coupled to each other by positioning the input of e.g. the 
Export module on top of the output of the Import module. The input/output 
tags turns black when they are connected. 
  

  
By clicking on active modules, the layout of the file becomes visible in the 
layout view area.  
 
 

2) Simple conversion from GDSII to v30 
1 Import a GDSII-file by dragging the 'Import' module to the flow 
window. Open the file. In the 'Import Layout' window, type the layer 
number to import or type * if you wish to import all layers. 
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2 Export the GDSII file to v30 by dragging an 'Export' module on top of 
the 'Import' icon. An 'Export JEOL' window appears. In the tab 'General' of 
this export window, choose JBX9300FS (100kV). 
 

 
 
In the tab 'Advanced', type the correct field size (maximum is 1000 mu in 
both X and Y). The fields will be distributed automatically by choosing 
'Fixed'. In case you have small patterns, is it recommended to tick 'Center 
to Field'. 
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3) Dose variations 
 
 
 

3.1) 
 
 

Proximity Error Correction (PEC) 
BEAMER has a built-in proximity error correction simulation program; impor
the GDS-file as usual and connect the 'PEC' module to its output. In the 
'Proximity Error Correction' window you can either type Beta and Eta manua
or import a point spread function (PSF). 
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After converting to v30-format, the dose variation is illustrated in your 
pattern: 
 

 
 
 
BEAMER has at this point created a jdi-file in the same folder as the v30-file
This jdi-file is the shot modulation that should be inserted in the jdf-file (see
example 1 in the sdf- and jdf-file preparation manual). The jdi-file opens wit
SuperEdi: 
 

 
 
 
 
 
 
 

3.2) 
 
 

Dose variation defined by datatype or layertype 
When designing your pattern, you can define a dose variation either by 
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Converting of GDS to v30: BEAMER
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Compiling of files

→jeoleb/pattern/danchipv30

jeoleb/job/danchip ←

From jeoleb/job/danchip 
‘schd -exptime sdffilename’
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Compiling of files

Check magazine-
file with ACHK  
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Load of substrates

chip cassette (3”) 2” cassette 4” cassette

Only authorized DTU Danchip 
staff are allowed to load 

cassettes
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Calibration of column

Exposure Calibration Load Image



Column of e-beam writer

SFOCUS

Subprogram that adjusts the focus and 
astigmatism of the objective lens,and the 
electromagnetic stigmator (astigmatism 
correction) coil.  

PDEFBE
Using the BE mark, PDEFBE automatically 
corrects the deflection gain and corrects the 
rotation of the main deflector.  

DISTBE Measures and corrects the deflection distortion 
of the electron beam in the writing field

SUBDEFBE
Corrects the deflection gain of the sub-deflector 
and corrects the rotation  

HEIMAP

Measures the height of substrate within the 
specified range. Electron beam is focused to 
average height of substrate. This only applies to 
direct writing (mask writing). 

Daily calibration routine
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Calibration of condition file

SFOCUS 
PDEFBE 
DISTBE 

SUBDEFBE 
HEIMAP
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Creation of sdf- and jdf-file

http://labmanager.dtu.dk/function.phpmodule=Machine&view=view&mach=292

http://labmanager.dtu.dk/function.phpmodule=Machine&view=view&mach=292


Tine Greibe

PART IV

E-beam Lithography @ DTU Danchip

Performance tests on JEOL JBX-9500 
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Stitching accuracy: field to field 

1 chip

2 µm

~150 nm CSAR, 2 nA,  
5/15 nm Ti/Au, lift-off: 
4s ultrasonic, AR 600-71 

Hands-on JEOL JBX9500 

X direction 6 ± 2 nm 
Y direction 13 ± 3 nm
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Stitching accuracy: overlay accuracy 

2 µm~150 nm CSAR, 2 nA 
5/15 nm Ti/Au 

lift-off: 4s ultrasonic, AR 
600-71 

Layer 2 stitched to Layer 1 
via 2 global marks and chip 

marks

Hands-on JEOL JBX9500 
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Stitching accuracy: overlay accuracy 
Hands-on JEOL JBX9500 

X direction 5 ± 3 nm 
Y direction 3 ± 2 nm
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E-beam Resist

Positive-tone e-beam resist 
CSAR 

ZEP520A 

PMMA

Negative-tone e-beam resist 
mrEBL6000 

AR-N 7520 

HSQ

http://labadviser.danchip.dtu.dk/index.php/Specific_Process_Knowledge/
Lithography/EBeamLithography#E-beam_resists_and_Process_Flows

http://labadviser.danchip.dtu.dk/index.php/Specific_Process_Knowledge/Lithography/EBeamLithography#E-beam_resists_and_Process_Flows
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AR-P 6200 (CSAR) - standard positive resist @ DTU Danchip
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AR-P 6200 (CSAR) - standard positive resist @ DTU Danchip

~12 nm lines in ~50 nm thick CSAR resist 
0.2 nA, dose 2200 µC/cm2
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 ~ 50 nm CSAR  
exposed at 0.2 nA 
dose ~300 µC/cm2 

50 sec C4F8/SF6 etch 
at -20 ºC (DRIE) 

200nm

AR-P 6200 (CSAR) - standard positive resist @ DTU Danchip
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2:30 min C4F8/SF6 
continous etch at -20 ºC 

(DRIE) 
selectivity CSAR:Si is ~1:3 

6 min C4F8/SF6 Bosch etch 
at -20 ºC (DRIE) 

selectivity CSAR:Si is ~1:38 

Etch of nano structures (CSAR)

200 nm 100 nm

1 µm 200 nm



Tine Greibe

60 nA

2 nA

6 nA

Hands-on JEOL JBX9500 

10 µC/cm2 30 µC/cm2 50 µC/cm2 210 µC/cm2

10 µC/cm2 30 µC/cm2 50 µC/cm2 210 µC/cm2

30 µC/cm2 60 µC/cm2 90 µC/cm2 120 µC/cm2

25000 e/dot
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Excel patterns

Room temperature development

500 µC/cm2

850 µC/cm2

15 nm CSAR, 0.2 nA, 
developed with room 

temperature 
developer and 
refrigerated 

developer (AR 600 
546)

1E

2E
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600 µC/cm2

850 µC/cm2

~5 ºC development

Excel patterns
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SPIE Handbook of Microlithography, Micromachining 
and Microfabrication, Volume 1: Micro-lithography, 
Section 2.3 Electron-Solid Interactions 

ammrf.org.au

Lithography, Stefan Landis (Editor), Wiley 2010

Lithography, Michael Wang (Editor), INTECH 2010

cnf.cornell.edu

JEOL

Literature & references

Optimizing electron beam lithography in the nanometer range, 
Vladimir Zlobin,13 April 2006, SPIE Newsroom

http://ammrf.org.au
http://cnf.cornell.edu

