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Objective

® Find the properties of the new photoresist:

o Thickness
o EO Clear Energy

o Find correct exposure and focus for thin and thick

photoresist coating

o Out gas check



Thickness

® Trial 1: Spin 21 wafers 1000-5000 RPM with a proximity bake at 130 C for 30 seconds
® Trial 2: Spin 20 wafers from 850-1800 RPM and 20 wafers from 4300-5250 RPM with a proximity
bake at 130 C for 30 seconds
® Use the nanospec to find the thicknesses at different locations on the wafer and take the
average
What would
have given
What we a2 more
did accurate
thickness

The photoresist spins radially outward
The physics of because of the centripetal force. The

coating a wafer g ” center is the thickest and the edges are
the thinnest.
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Spin Speed Curves

Spin Speed Curve for 1000-
5000 RPM

Spin Speed Curve for Slow Spin
Speeds
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Presentation Notes
Although the last graph doesn’t look too good, the range for thickness is from 32800 to 34000, which is only 1200 A.


EO Clear Energy

® Use the ASML300 stepper to expose wafers to UV light
® Use svgdev6 to develop wafers

® Trial 1: PEB at 130 C

® Trial 2: PEB at 110 C

® Find at which energy the photoresist clears. Record and
graph a swing/interference curve.


Presenter
Presentation Notes
You can see on the wafer that one of the grid squares is almost clear, yet there is still some photoresist on it. We wouldn’t consider this clear. The square to the right of this one would be considered clear.


Interference/Swing Curves

® Interference between outgoing and incoming light waves due to a
phase difference between them will result in a swing curve.

® Path length of the light through to photoresist determines whether
light interference is constructive or destructive
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constructive destructive

http://www.phys.uconn.edu/~gibson/Notes/Section5 2/Sec5 2.htm



http://www.phys.uconn.edu/~gibson/Notes/Section5_2/Sec5_2.htm

Interference/Swing Curves

Destructive Constructive



Interference/Swing Curves

® Ideal graph has a sinusoidal pattern
® Actual graphs:

Interference Curve
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Presentation Notes
This graph definitely does not look like a sine wave. One of the reasons the graph could look bad is because the photoresist is too thick to get a coherent graph.


Trial 2

Interference Curve for Slow Interference Curve for Fast Spin
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Presentation Notes
The point where the graph shoots up is called the extinction point. At the extinction point, the light does not reach the bottom of the photoresist coating. The higher spin speeds has more of a sinusoidal pattern.


Focus/Exposure Matrix

CMOS200

® \What is an FEM?

O matrix that changes with energy dose and focus

¢ Purpése of FEM: use uvscope to find the right exposure
and focus to have a clear, fully developed image
® Difficulties?

O Finding the most clear image of 165 options per wafer (we examined
20 wafers)

O Underexposed, overexposed, or damaged?
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Presentation Notes
We had to determine if the image was underexposed, meaning photoresist was still present, overexposed, meaning some of the pattern was removed, or simply damaged.


Post-Exposure Bake
(H==)

® What is PEB?
o Bake after exposing the wafer to UV light
® We tested PEB at 110, 120, and 130 C (130 C is preferable)
® We found that 110 C was the best temperature for PEB. |mages taken on Kevence
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Presentation Notes
As you can see with 120 C, blistering [define] occurs.


Soft Bake (SB)

® Soft bake is the bake on svgcoat6 before the
wafer is exposed to UV light in the ASML.

® Vendor recommends to have SB at 140 C.
We tried the soft bakes 130 C because all
programs on svgcoato are at 130 C. We
want to avoid changing the temperature for
different programs.

® We determined how long the soft bake
would be at 130 C by coating 2 wafers and
having soft bakes at 60 and 90 seconds.



Comparing Soft Bake at 130 C for

60 and 90 seconds

® Images on the olympus: profile view
60 seconds 90 seconds

Geometric measurement Geometric measurement
No. Result Distancelum File name

3.192 130718_131
2.164 130718 131
1.134 130718 131
1.008 130718_131
0.147 130718_131
0.189 130718_131

No. Result Distance[pm File name

3.738 130718_11C
2.227 130718_11C
1.345 130718 _11C
1.492 130718_11C
0.819 130718_11C
0.714 130718_11C
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Wafer 7A: 1.0um forks, 49867A,
SB 130 for 90 sec, PEB 110 for 60 sec,
51 mJ/cm2, focus: 3.2

Wafer 6A: 1.0um forks, 50343 A,
SB 130C for 60 sec, PEB 110 for 60 sec,
45 mJ/cm2, focus: 2.4
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Presentation Notes
Although neither of the images clear, the SB for 90 seconds was closer to clearing. Also, the critical dimension, or the smallest clear dimension, for 90 seconds was smaller and better than for 60 seconds.


Geometric measurement |*]

Comparing Soft Bake 130 C with 140 C

at 5000 RPM, PEB at 110 C for 60 sec

HREERARARA

No. Result Distance[ym File name

N kW e

0.882 130719_094
1.050 130719_094
0.903 130719_094
0.525 130719_094
0.504 130719_094
1407 120719_094
3.067 120719_094

Wafer 8A: 1.0 um forks, 32000A,
SB 130 for 90 sec, PEB 110 for 60 sec,
29 mJ/cm2, focus: 2.0

albidddd

Geometric measurement ‘ v \

MNo. Result Distance[um File name
0.945 130717_14%
0.987 130717_14%
0.924 130717_
1.050 130717 _:
0.567 130717 _
0.588 130717_14%
1.533 130717_14%
3235 WI1I_1-0

EEREEBERE"A
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Wafer 11: 1.0um forks, 31854A,
SB 140 C for 90 sec,
PEB 110 C for 60 sec,
27mJ/cm2, focus: 1.6
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Presentation Notes
Although both of them cleared, 140 C is better because the edges of the photoresist are more vertical and straight. There’s a chance that the photoresist shape can be damaged while etching if the tips are too skinny.


Comparing Soft Bakes 130 C with 140 C at
1000 RPM, PEB at 110 C for 60 sec

Geometric measurement

Geometric measurement

No. Result Distance[pm File name

1.029 130717_154
1.092 130717_154
1.092 130717_154
0.379 130717_154
0.441 130717_154
1.428 130717_154
2.920 130717_154

MNo. Result Distance[ym File name

3.738 130718 _11C
2.227 130718 11C
1.345 130718 11C
1.492 130718 11C
0.819 130718 _11C
0.714 130718 11C
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Wafer 7A: 1.0um forks, 49867A, Wafer 10: 1.0 um forks, 49018A,
SB 130 for 90 sec, PEB 110 for 60 sec, SB 140 C for 90 sec, PEB 110 for 60 sec,
51 mJ/cm2, focus: 3.2 43 mJd/cm2, focus: 2.4



Comparing 140 C with 130 C at

longer times, 5000 RPM ~= 3.2um

' Geometric measurement ‘ v]
Mo. Result Distance[uym File name
0.945 120717_14Z
0.987 130717_14%
0.924 130717_14%
1.050 130717_14%
0.567 130717_14=
0.588 130717_14:
1.533 120717_14%
3.235 Wi1i 1-0
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Wafer 11: 1.0um forks, 31854A,

PEB

SB 140 C for 90 sec,

110 C1tore0 sec, Z2/m
focus: 1.6

J/icm2,

Geometric measurement | v I

No. Result Distance[um File name

0.840 130719_092
1.029 130719_093
0.819 130719 092
0.588 130719_09:2
0.567 130719_092
1.428 130719_093
3.172 130719_092
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Wafer 12: 1.0 um forks, ~32000A,

[SB 130 C for 120 sec] PEB 110 C for 60 sec,
33 mJ/cm2, focus: 1.2
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Presentation Notes
Better to have fatter tips.


Geometric measurement ‘ v ]

Mo. Result Distance[uym File name

0.945 120717_14Z
0.987 130717_14%
0.924 130717_14%
1.050 130717_14%
0.567 130717_14=
0.588 130717_14:
1.533 120717_14%
3.235 Wi1i 1-0

HERE R - -
L=< = T ¥ B O R R

Wafer 11: 1.0um forks, 31854A,

PEB

SB 140 C for 90 sec,

110 C1tore0 sec, Z2/m
focus: 1.6

J/icm2,

AL IS L T e [

MNo. Result Distance[um File name
0.840 130719 10Z
0.966 130719 _10:
0.924 130719_10Z
0.588 130719 10%
0.693 130719_10:
1.470 130719 _10:
3.067 130719 10

HEAdHE-E-E
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Wafer 13: 1.0 um forks, ~32000
PEB 110 C for 60 sec, 31 mJ/cm2, focus: 1.6

\, SB 130 C for 180 sec,



Presenter
Presentation Notes
This one may have been damaged. It doesn’t look normal.


Geometric measurement ‘ v ]

Mo. Result Distance[uym File name

0.945 120717_14Z
0.987 130717_14%
0.924 130717_14%
1.050 130717_14%
0.567 130717_14=
0.588 130717_14:
1.533 120717_14%
3.235 Wi1i 1-0

HERE R - -
L=< = T ¥ B O R R

Wafer 11: 1.0um forks, 31854A,

PEB

SB 140 C for 90 sec,

110 C1tore0 sec, Z2/m
focus: 1.6

J/icm2,

Geometric measurement | v ]

MNeo. Result Distance[um File name
0.903 130719 111
1.092 130719_111
0.902 130719_111
0.567 130719_111
0.546 130719 111
1.470 130719 111
3.172 130719 _11%
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Wafer 14: 1.0 um forks, ~32000 um,

SB 130 for 300 sec, PEB 110 for 60 sec, 29 mJ/cm2,
focus: 1.6
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Presentation Notes
Out of the three, the one that had a SB at 130 for 300 seconds is the best.


Comparing 140 C with 130 C at Longer

Times, 1000 RPM ~=4.7 um

| Geometric measurement I v ]

Geometric measurement

MNo. Result Distance[pm File name

3.885 130724_092
2.353 130724_092
0.210 120724_09z
0.168 130724_092
0.736 130724_092
0.693 130724_092

No. Result Distance[pm File name

1.029 130717_154
1.092 130717_154
1.092 130717_154
0.379 130717_154
0.441 130717_154
1.428 130717_154
2.920 130717_154
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Wafer 10: 1.0 um forks, 49018A,

SB 140 C for 90 sec,|PEB 110 for 60 sec,
A3 mJicm?Z, focus: 2.4

Wafer 15: 1.0 um forks, ~47000A,
SB 130 C for 120 sec] PEB 110 C for 60 sec,
AT mJicm2, focus: 2.8




Geometric measurement

HEHKEREE

Mo. Result Distance[um File name Geometric measuremeant
1 1.025 130717_154 No. Result Distance[fum File name
2 1.092 130717_154 M 2 0.087 130724_094
= e 2 2 1.134 130724_094
3 1.082 130717_154 = 2 e
2 LCbis et B D M 4 0.483 130724 094
5 0.441 130717_154 2 s e
6 1.428 130?1?_154 M s 1.491 130724_094
7 2.920 130717_154 = 2437 130724_094

Wafer 10: 1.0 um forks, 49018A,

SB 140 C for 90 sec,|PEB 110 for 60 sec,

A3 mJicm?Z, focus: 2.4

Wafer 16: 1.0 um forks, ~47000A,

SB 130 C for 180 secd

, PEB 110 C for 60 sec,

41 mJ/icm

2, focus: 2.4
0



Geometric measurement

HEHKEREE

No. Result Distance[pm File name

~ U bW

1.029 130717_154
1.092 130717_154
1.082 130717_154
0.379 130717_154
0.441 130717 _154
1.428 130717_154
2.920 130717_154

Wafer 10: 1.0 um forks, 49018A,

SB 140 C for 90 sec,|PEB 110 for 60 sec,

A3 mJicm?Z, focus: 2.4

Geometric measurement [

KRR

~N o B W b

Meo. Result Distance[um File name

0.987 130724_094
1.134 130724_094
1.071 130724_094
0,483 130724_004
0.4832 130724_094
1.491 130724_094
2.437 130724_094

Wafer 17: 1.0 um forks, ~47000A,

SB 130 C for 300 sed

, PEB 110 C for 60 sec,

41 mJ/cm

2, focus: 2.8



Out Gas Check

® How much solvent will escape from the

times using the STS2?

photoresist at different temperatures and

Results:
Wafer # Without 1 2 3 4 5 6 7
any wafer
SB temp 140 C 140 C 140 C 140 C 130 C 130 C 130 C
SB time 60 sec 60 sec 90 sec 120 sec 60 sec 90 sec 120 sec
Leak Rate .06 .06 .08 .06 .06 .08 .06 .08
mTorr/min | mTorr/min | mTorr/min | mTorr/min | mTorr/min | mTorr/min | mTorr/min | mTorr/min
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Presentation Notes
We would say these results are inconclusive because the leak rate barely changed.


Conclusions

Best Conditions

Resist Thickness Soft Bake Soft Bake EO Clear Energy PEB Temperature
Temperature and Temperature and and Time
Time Time Alternative
(Best CD)

~33000 A 140 C for 90 130 C for 300 23 mJ/cm2 110 C for 60
(5000 RPM) seconds (CD .3 um) seconds seconds

~47000 A 140 C for 90 130 C for 300 26-27 mJ/cm2 110 C for 60
seconds (CD .7 um) seconds seconds

(1500 RPM)
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