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Patent & Research Investigation
I e —
1V or Curved shapes

1 No Patent

£ Research from any journals

Pixsl Address
Schme P '_;/;;_ S~

What We Arell

Pixel Dwell Time Control Discrete Slice Control Continuous Slice Control

School of Mechanical & Aerospace Engineering Seoul National University




Material Selection
-

-1 Silicon substrate

= Easy to get

o1 Good surface roughness for evaluation

71 Machining shape

o Circular & Rectangle trendches

m V-groove

5 ~ 10 micrometer

k—

5 ~ 10 micrometer
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Processing Parameter
]

71 Processing parameter Bloma ®
1 lon dose = Slice No. Owerlen 0% M
. .. + 4+ 4
® How many ions are injected Overlap 50%
o1 Dwell time
. . . Overlap -100% o "'_j.;“;
® How long ion beams are stay in one pix - -

u It deals with the scan speed

=1 Beam overlapping

® How much the area of the ion beam overlaps

» Related with field of view
=1 Field of view

® Processing screen size (influence on pixel size)
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Suggested Design of Experiment (DOE)

4 factor 3 level

lon dose (A) : Slice (Count) No. Dwell time (B) Beam overlap (C) No. of slice (D)
1 0.5 -50 10
2 Undetermined 1 0 20
3 2 50 30
Ly(3%) Orthogonal array
Factor Result
No S
putter Feature . .
A B C D Yield definition Side wall angle Radius of curvature
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 3 2 3
5 2 1 3 1
6 2 2 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1

Programming the Fabrication

Vector Scan Method

Pixel by Pixel Control

Merged process

Raster scan

Specifically the spiral scan schematics used

Spiral scan

= e—-8—
e e e
= = =

T I I I I I

® @
® ® ®
® @

Field of view

Field of view

Beam overlapping and No. of Slice can be determined




Experimental Condition for DOE: Microscale
I e —

Count (A) Dwell time (B) Overlap (C) No. of slice (D)
1 4000 05 05 5
2 5000 1 1 10
3 6000 2 15 15
Factor
No. A B C D Fab. Time
1 1 (4000) 1(0.5) 1(0.5) 105 23
2 1 (4000) 2 () 21 2 (10) 19
3 1 (4000) 32 3 (15) 3 (15) 22
4 2 (5000) 32 2(1) 3 (15) 62
5 2 (5000) 1(0.5) 3 (1.5) 1(5 3
6 2 (5000) 21 1(0.5) 2(10 96
7 3 (6000) 1(0.5) 3(15) 2 (10) 8
8 3 (6000) 2(1) 1(0.5) 3(15) 149
9 3 (6000) 32 2(1) 1(5) 28
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Fabrication Procedure: Vector Program
I e —

Beam Overlap Schematics

. 0.5 (50%)
“ 1.0 (100%)
‘ ‘ 1.5 (150%)

Exp. No.2 : 10 Slices
Overlap : 1 (100%)

Exp. No.1 : 5 Slices
Overlap : 0.5 (50%)

Exp. No.3 : 15 Slices
Overlap : 1.5 (150%)
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Fabrication Procedure: Vector Program

Exp. No.4 : 15 Slices = Exp. No.5 : 5 Slices
Overlap : 100 (100%) si Overlap : 1.5 (150%)

Exp. No.6 : 10 Slices
Overlap : 0.5 (50%)
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Fabrication Procedure: Vector Program
I e ——

Exp. No.7 : 10 Slices . Exp. No.8 : 15 Slices
Overlap : 1.5 (150%) i Overlap : 0.5 (50%)

Exp. No.9 : 5 Slices
Overlap : 1 (100%)

----- - - -
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Experimental Condition
I e —

Parameter Condition
Field of View (xm) 120 24
Pixel Size (nm) 150 30
Defined Area (m?) 6 /m in diameter 1.2 (min diameter
lon Energy (KeV) 30

lon Dose (ions/cm?)

Cannot be determined (related to slice No.)

Spot Size (nm) 150 30
Probe Current (pA) 6640 91.309
Current Density (A/cm?) 368.011 12.924

Dwell Time (us)

Variation 0.5, 1, 2

Beam Overlap (%)

Variation -50, 0, 50

Refresh Time (ms)

0 0

Slice (count) Number

Each (4000, 5000, 6000)  Total (4000, 5000, 6000)
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Microscale Fabrication Set 1
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Microscale Fabrication Set 1
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Microscale Fabrication Set 1

Exp. No. 7 Exp. No. 8 Exp. No. 9
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Microscale Fabrication Set 2

Exp. No. 1 Exp. No. 2 Exp. No. 3
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Microscale Fabrication Set 2

Riwioip s g

Exp. No. 4 Exp. No. 5 Exp. No. 6
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Microscale Fabrication Set 2
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Microscale Fabrication Set 3
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Microscale Fabrication Set 3

Exp. No. 5 Exp. No. 6
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Microscale Fabrication Set 3

Exp. No. 7 Exp. No. 8 Exp. No. @
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Measurement with Confocal Microscope 1

Measurement with Confocal Microscope 2




Measurement with Confocal Microscope 3

Results: Microscale Fabrication

Fabrication
Circular cone of 6,000 nm in diameter (3 sets)

Exp. No. 4,6 and 8: Too deep fabrication

Measurement
3-D construction with confocal microscope

Observation failed




Trouble Shooting
]

71 Fabrication was done finely, but ProblemsllA

Microscale
Microscale Nanoscale 100000 n
80000 \
60000
No. of Slice Each Count Total Count Total Count Each Count 40000 - &~ Each Slice No.
20000 - == Total Slice No.
5 4000 20000 10000 2000 0 +OTt=—t—t—t—t—0—0—¢
1 2 3 4567 829
1 4 4 1 1
0 000 0000 0000 000 10000 Nanoscale
15 4000 60000 10000 666.6666667 30000 / *—o
20000 / o= ——Total Slice No.
15 5000 75000 20000 1333.333333 10000 Lo—o—tt - Each Slice No.
5 5000 25000 20000 4000 0 Rt
— 1234567809
[ S ——
10 5000 50000 20000 2000 160
140 L ¢
— 120 J\
10 6000 60000 30000 3000 100 I\
80 IK\ II \\ =0~ Microscale
5
15 6000 90000 30000 2000 jg ] — B Nanoscale
20 |
5 6000 30000 30000 6000 0 - smb.  SENED AN

1 2 3 4 5 6 7 8 9

Comparison of Fab. Time
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Experimental Condition for DOE: Nanoscale
I

Total Count (A) Dwell time (B) Overlap (C) No. of slice (D)
1 10000 0.5 0.5 5
2 20000 1 1 10
3 30000 2 15 15
Factor
No. A B @ D Fab. Time
1 1 (10000)-2000 1(0.5) 1(0.5) 1(5 11
2 1 (10000)-1000 2(1) 2(1 2 (10 4
3 1 (10000)-667 3(2) 3(1.5) 3 (15) 3
4 2 (20000)-1333 3(2) 2(1 3(15 16
5 2 (20000)-4000 1(0.5) 3(1.5) 1(5 2
6 2 (20000)-2000 2(1) 1(0.5) 2 (10 38
7 3 (30000)-3000 1(0.5) 3(1.5) 2 (10) 4
8 3 (30000)-2000 2(1) 1(0.5) 3(15 31
9 3 (30000)-6000 3(2 2(1 1(5) 28
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Comparison of Each Sets: Sample No. 1
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Microscale Fabrication

{
o
|
é‘.

Exp. No. 1 Exp. No. 2 Exp. No. 3
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Microscale Fabrication

Microscale Fabrication




AFM Measurement Sample 1-4
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School of Mechanical & Aerospace Engineering Seoul National University

AFM Measurement Sample 5-8
]

080518, 0071 0516, 008-1
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Results: Nanoscale Fabrication
-

o Fabrication
o1 Circular cone of 1,200 nm in diameter (1 sets)

o Exp. No. 4,6, 8 and 9: seem like deeper than others

1 Measurement
1 3-D construction with AFM measurement

1 8 of 9 samples were observed, 1 sample left

School of Mechanical & Aerospace Engineering Seoul National University

Evaluation Example: 3-D View
A

pigital Instruments NanoScope

Scan size 1.500 pm
Scan rate 1.001 Wz
Number of samples 256
Image Data Hefght
Data scale 60,00 nm

Engage * Pos -19783.4 um
Engage Y Pos -42151.3 um

| wiew angle
Rli Tight angle

* 0,500 pmidiv
Z 60,000 nm/div

20080401, 001
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Evaluation Example: Cross-section

nim Section Analysis
w
4 } L LB7.50 nm
/! ,1'f 4 RMS 2.370 nm
/ iy [ \'\ 1e oc
o VA | Y U ra(le)  0.767 rm
T * L — Rmax  7.982 rm
< Rz 4,692 rm
\
v’ Rz Cnt 4
= radius  62.621 rm
w Sigma 23,348 nm
R i [ | 1
o 0.50 1.00 1.50
i
Spectrum

189.51 nm
187.50 nm
0.641 mm
 J 0.196 ©
be
be Min

20080401 ,001-1

Evaluation Example: Cross-section

rm Section Analysis
e 691.41 nm
RMS 4.595 nm
Tc DC
rRa(lc) 2.617 nm
Rmax 24.191 nm
Rz 14.400 nm
Rz Cnt 4
& Radius 491.91 nm
i Sigma 35.955 nm
5 g | | |
0 0.50 1.00 1.50
H Surface distance 265.97 nm
Spactrum Horiz distance(L) 263.67 nm
vert distance 21.099 nm
Angle

Surface distance
Horiz distance
vert distance

Y Angle

Spectral period

Spectral fregq
Spectral RMS amp

DeC Min

20080401.001-1

455TR °

696.68 nm

691.41 nm
9.600 nm
0.735 ©
DC

0 /um
0.478 nm




Evaluation Example: Evaluation

Vertical Length [nm]

Horizontal Length [nm]

Length & Depth(nm)

Average of Horizontal scan length & depth

ALY

400
an
£
E o
-
i-ﬁ
-
-
—»—F
350.L =0 ot = -
- . .
150 -fﬂ"
100 -/—k—_"\_‘
50
e > »
o ee—e¢ ¢ —
] 200 400 600 800 1000
Dwell Time(us)
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Schedule boards

Plan

Week (20 March 2008 ~ Mid June 2008)

Mission statement and Brain storming

Conceptual Design

4 5

6

7

8

9

10

Python
Pre-study
Design of Experiment
Parameter
Detail design Material
Shape
Fabrication
Analysis
Evaluation

Documentation
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MINA: Smart & Small Structures
-

Thanks
Any Questions??
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