H R B K2
XEZMR AEFRER

- =

R

4

X

kO g AR N B (248 A Rk &) OE AR

Ak, A/BEEIA R E St HIRME = e f
B oA EN )R BRIEH AR

STUDY OF DUV 248 LENS A/B AND LASER

CHAMBER LIFETIME EXTEND BY
EFFICIENT POWER CURVE CONTROL

A S e o=
wEHIR X K B HBE

FERBEIOLFTA



o mh  oE as Sh e (2485 K ik B ) E SR B,
A/BEBREHAERESZFEREGSXEY
hERGKEIERZHR
STUDY OF DUV 248 LENS A/B AND LASER

CHAMBER LIFETIME EXTEND BY EFFICIENT
POWER CURVE CONTROL

S A T Student: S.C. Shih
FEHIE FE % B 4 Advisor: Dr. Y.L.Wang

IR @ RE
AEER LEHLERE
78 43 3L
A Thesis
Submitted to Degree Program of Photonic Technology
College of Photonics
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of

Master

in
Photonic Technology
July 2012

Tainan, Taiwan, Republic of China



FERMBRENACIBE K& K)E 45K,
A/BSREAR FH ERESFLERA G HHARY

hRGBKIER R
MELE G W B FEEHIZE % R HL

I RBRPFFREER REHZER

R EREOREES B 2K ER, UEHEHRLRRRZ LB E
BRARTELARABIT, ERETHETREAREART U HE TR
BLEEERERER, EAFEMRGEERKEHEETEIFAOR
BEBHLEGRANBELYE AN LR, AAXAEZ 28
by A AR ASML 2 8] U AF 69 3R 5 S r DUV24847 #4 3 o LM 18 % Bt
EHSEBEA/BEEFH - CRRYSBEBRBEAZREMEARETHE -
RA#HMIwE > SESARALEREREDEDNLEEZNBE = - ’
ROTUAETEGRABENAERLERARRAZREN T HR
PHSEEE A/ BREAE - 124558 A / BYBIE B AP A — BB 4 o
CIETRSEM » ANBRARIKA - Bk wfTRD AL BT
ERey A RIG s R R L B0y o ARIFEHR > RIVER > CeysEsE A/
B ERARZETEHBANBIE - ERZEOIN RARBEL RS
BAHFEANA /BT R - RMIBIET RGGBREES T A Rt



E45sEMA / BES; W EXTUREETHULENESA - AT
BREFEUR  BEENCERKG L E AT o




STUDY OF DUV 248 LENS A/B AND LASER
CHAMBER LIFETIME EXTEND BY EFFICIENT
POWER CURVE CONTROL

Student: S.C.Shih Advisor: Dr. Y.L.Wang

Degree Program of Photonic Technology
National Chiao-Tung University

Abstract

Along with the continuous advancement of integrated to the nanometer
level, use the laser source for exposure is more and more popular to instead
of the traditional bulb. We can get the benefit of the integrated line width
improve to nanometer level, but the cost and maintenance of the laser
machine becomes increasing complex. The frequency of repair and
maintenance to increase, it also decreases the efficiency of the manpower.

The paper is study the ASML DUV 248 scanner suffered lens A/B
seriously destroy event. And this event was getting worse and worse. It
caused the wafer level intensity trended down seriously. As we known, the
wafer level intensity affects the throughput of production. Before, we could
adjust VA angle or replace lens A/B to solve it. But lens A/B contamination
happened and happened again. It spent a lot of time, manpower and cost in
recovery. So how to reduce lens replaced rate or engineer’s loading was

necessary. According to experience, we found it cause from the lens A/B
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was damaged by laser. In the last analysis, the root cause was higher energy
laser induce lens A/B contamination. We created original intensity control
method to extend lens A/B lens lifetime; moreover, it could extend Laser
chamber lifetime, either. This situation has been changed and proved it is

workable after the program was implementing.
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Chapter 1 Background Introduction

1.1 Investigation Motivation and Purpose

Along with the continuous advancement of integrated to the nanometer level, use the laser
source for exposure is more and more popular to instead of the traditional bulb. We can get the benefit
of the integrated line width improve to nanometer level, but the cost and maintenance of the laser
machine becomes increasing complex. The frequency of repair and maintenance to increase, it also
decreases the efficiency of the manpower. It also isa large loading in our cost and manpower control,
and it is major topic for study the root cause and improved the availability due to the exposure tools is
the highest cost of semiconductor factory.
1.2 Investigation Background

Base on the FAB14 ASML-DUV-248 scanners with 7600 series laser suffered the wafer level
intensity decay.issue serially. As we known, the wafer level intensity low will affect the throughput of
production. So, we need to figure out the root cause. Finally, inspect tool status then found the lens

A/B had been contaminated.

Laser Output >

lens A/B contamination |~ =
cause intensitytrend = =T -
down at the wafer level

__| LIGHT BEAM
—

L

LY,

Figure 1.1 Scanner Intensity loop
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Base on standard procedure, we could adjust wafer level intensity by:

Method 1 Adjust VA angle-The variable attenuator (VA) is used to control light transmission
rate to the wafer level. When light hits the quartz plate of the VA, a part of light will pass

through and the other will be reflected to the beam dump (absorbed). So, we adjust VA angle

to obtain the required intensity (as a light regulator).

Method 2 Replace Lens A/B-After a mount of shots, the lens A/B will be contaminated. If the
lens A/B status of contamination was too worse to recover by VA adjustment, the lens A/B
will be replaced. But situation was out of the control; whether we adjusted VA angle or

replaced lens A/B still could not fix it. As shown below, we can’t keep intensity stable

anymore (figure 1.2). Lens A/B contamination happened and happened again.
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Figure 1.2 A and B tools wafer level intensity trend chart
1.3 Method and Instrument Description

In order to find out the lens A/B damage root cause, we need to more detail to check scanner laser
intensity control loop (Figure, 1.1). Search most of the laser maintenance in other papers, we found
usually to optimize the laser chamber high voltage power for exciting laser power and optimize the
laser chamber for F2/Kr/Ne gas pressure to adjust the laser power and intensity, Besides it still could
extend the chamber and few core module life time such as the (LNP, WSM, BAM....). but is just a
little. It almost improves the life time for weekly base. It is not helpful for our maintenance.

We check the Lens A/B contamination status and we could found the contamination picture was
form by the slit profile, which we suspect it is laser slit active area, so we could doubt the lens A/B
contamination was cause by the laser and we simulate the laser intensity and laser pulse energy VS the
Lens A/B lifetime. We could found a related status is the Lens A/B lifetime VS Laser pulse energy
come out the result is Lens A/B life time is low when the laser pulse energy is high, and Lens A/B

lifetime is high when the laser pulse energy is low.
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We could suspect the laser pulse energy is the key factor to influence the Lens A/B lifetime, and
we could set up the experiment for the laser pulse energy with the Lens A/B lifetime related issue to

figure out the root cause

Figure 1.3 Lens A/B Contamination Statuses

Lens A/B Lifetime & Laser pulse energy

- 20 18 11
e
E =
£ E
Z High energy, Low lifetime >
£ g
£ 5
Q
i)
< 5 8 4 ﬁ
c 7.5 17
0]
-
0 6
7600 6610 7610
T Lens A/B lifetime 18 14 4
—O—Pulse energy 7.5 8 10

Figure 1.4 Lens A/B lifetime & Laser Pulse Energy Related Chart
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We still to check the contamination part for analysis and found that most of the part was form by
the (NH4)2S04., then we check the chemical and analysis the root cause. We suspect the DUV light is
the major factor to provide the energy to form the (NH4)2SOa. It is a major topic the study the pulse
energy effect and the defect type.

Besides, we still try to remove the contamination by use many methods, even we use the
removable chemical that suggest by zeiss and ASML, but it still difficult to remove it. So it is like

crystal to form on the Lens A/B optics surface and it is almost could not be removed.

O: ambient air, H,O: a_mbient Mg: lens
lens purge gas air coatings

DUV light

SO

p]

> SO,

274

DUV light

\ 1,0 (i1,
SO, —%— H SO, *7"}>(NH ), SO,

S: ambient air NH;: ambient
+ St.steel lens air
mountings

Figure 1.5 Contamination of Lens A/B Cause by the (NH4)2SO4

For the laser control loop, we could find the VA (variable attenuator) is a decay filter to lower
down the laser intensity to fit scanner need, and it almost set around 70% lower down the laser output
to fit the scanner need. And we found the lens A/B damage is major comes from the laser output is too
high and it damage the lens A/B and induce the optics contamination. The contaminations also decay
the intensity of the laser, and need to frequency to swap it to gain the requirement. So we need to
maintain it again and again to reduce the productivity for litho scanner and waste the manpower.

If we could dynamic to control the laser output intensity and just to control the scanner

requirement to fit the exposure wafer need then we can lower down 30% output to reduce the damage

13



of the lens A/B. We study the laser control parameter and found one of thousands of parameters is to
control laser output percentage, it calls parameter C24. We think we can adjust the C24 parameter to
fid the wafer level intensity and let the VA keep 100% output to minimize the damage of the lens A/B
which laser output optics for beam expender of x, y control.

We can set up the experiment for parameter C24 adjustment to fit the wafer level intensity

requirement and dynamic to control the C24 parameter to monitor the intensity variation and the lens

AJ/B life time trend chart for the data collecti d analysis to fit our suspect model.

14



Chapter 2 Experiment

According to the lens A/B replaced record; we had replaced 14 set of lens A/B for recovery
within one year (table 2.1). It spent a lot of time, manpower and cost in recovery.

2005 Dec. ~ 2006 Sep. lens A/B replaced statistics

Lens A/B replaced
counts

Pulse energy
(mj)

Laser Type  Tool Quantity Lens A/B lifetime ( month )

7600
6610
7610

P.S. The laser will fire 1 billion plus during the month generally
Table 2.1 Lens A/B replaced statistics
As table 2.1 show, the lens /A/B-that installed on different laser type have different lifetime. And
the lifetime of the lens A/B was inverse proportion to the laser pulse energy, the higher pulse energy
was the less lifetime. So, we highly suspected that was induced by higher pulse energy laser. It also

could explain why the standard actions can’t fix the problem.

2.1 Standpipe Diagram

1 4 3

10ky 10kg ' 10ky ’

10kg
20ky
20k
20kg
100% P

20kg

Figure 2.1 Standpipe system flow
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In figure 2.1 you can see the processing flow of the standpipe-filled. Blue box is a standpipe that
has a kilogram capacity of 10. Violet object is a pump for supplying 20 kilograms water to the
standpipe. The water of the pump source passes through the pipe (while object) that with one hundred
percent of the transmission rate, the water will flow over of the standpipe. So, we used regulator with
1/2-proportioned (green object) to control 10 kilograms water could transfer to the standpipe only.
One day, the pipe was blocked to have seventy-five percent of the transmission rate only (figure 2.2).
The regulator must be adjusted to 2/3-proportioned to ensure enough capacity of the standpipe. As the
same reason, the regulator must be adjusted to 1/1-proportioned to cover the pipe with fifty percent of
the transmission rate (figure 2.3).

In the program, we could found a doubtful point: If the standpipe needs to be filled by 10
kilograms water only, why should we need to support 20 kilograms? And install the regulator
especially for filter out unnecessary water?

2.2 Scanner Intensity Loop
Scanner intensity loop is like the standpipe system (figure 2.2). Laser is like the pump that

supports the intensity for system, lens A/B is a medium for light that is like the water pipe or filter, the

VA is like the regulator to filter out unnecessary light.

Scanner wafer level Intensity

20w 20w 20w

A y 4
Z20W 20W 20W

e 4]
Variable Attenuator m

ADW @ 30W @ 20W @
100% o 75% o 50% o
J1ood A0W 40W oo 40W

Lens A/IB Laser
Beam expander lenses light source

Figure 2.2 Standpipe system flow with scanner intensity control loop
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VA was the adjustable device in the original ASML scanner intensity control system. It blocked
and filtered out unnecessary light (figure 2.3). So, the higher laser energy induced the lens A/B

contamination and replacement needed the VA adjustment happening with increasing frequency.

TRANSMISSION(S0%)

FLECTION(50°4

Scanner wafer level

According record, lens A/B lifetime was 4

months only

Figure 2.3 Scanner intensity control loop

10 mj / Pulse {40 W) 0.71397148 6594.01

9 mj / Pulse (36 W) OK OK OK 0.82421447 6416.59 3

8 mj / Pulse {32 W) OK OK OK 0.94714454 6537.34 4.23

Table 2.2 Laser power W.R.T VA angle or the transmission rate

According to the understanding of the ASML scanner intensity control system, we have a new

idea as below.

1. To fix the transmission rate of the VA to the maximum as possible. (figure 2.4 transmission
rate of the green object was 1/1-proportioned)

2. Adjust laser energy to match the required of the wafer level intensity,
Increase laser energy if the lens A/B had contamination

17



In other word, we would use Laser power adjustment to instead of ASML standard VA angle

adjustment method.

Scanner wafer level Intensity

~
J
20W 20W

20W 20W
VA

Variable Attenuator

20W @ 20W
100% o
20W

20W
Lens A/B Laser

r S -
SN
® [l
26.6W 40W
Beam expander, lenses light source

Increase laser eneray to follow lens A/B contamination >

Figure 2.4 New Scanner intensity control loop

2.3 Laser Energy Control Loop

Laser energy could be controlled by the piezoelectric devices or software. In the case of Laser energy

adjustment, we are willing to use software. It had no difficulty in operation and spent less time.

18



COMMUTATION MODULE

COMPRESSION MODULE

ELECTRODES WSM
1 t
LNP AWR
I s T T oc
= :! = - = OUTPUT
. =
; : ﬂ]
: @ ]
: STEPPER MOT
; PCHEL
: TRIGGER
DISCHARGE
HVPS CHAMBER we
- i
o
CONTROL s 5o STALEN
MODULE
TERFACE [T | POA
| ﬁnum * [ foew
2 HT i i i TOIFROM
STEPPER/SCANNER

Figure 2.5 Laser energy control loop

Laser had one parameter “Configure 24" that was the gain calibration for the photocell signal from the

energy monitor in the WSM. After experiment, then found it had fine linear curve (figure 2.6). Simply

operation and linear power curve decided us to use it.

" N )
Intensity of the Wafer Level (ELS-6600 series ) Intensity of the Wafer Level (ELS-7600 series )
5 4500 N 9000
T® ~ . J | 2 = ; ; ;
g 4000 IR Intensity - — — - linearity s o 8500 \ﬂ\ Intensity linearity
@5 << o £ 8000 ~
S 3 3500 << £ = S~
5 E SN 5 Z 7500 —
> g 3000 e 2= 7000 I8
‘0 = = | . + I == 2 9 o . i S|
% 3 2500 y 1224 34x + 4299.7 ’ E 3 es00 y 2720 52x + 8997.1 {a
= R =0.9783 = R“=0.9943
- 2000 rLA (il L (LS il 6000 L L L L L L L
S 8 8 8 8 8 8 8 8 8 8 8 8 8 8 & 8
S S 88 8§ S 8 ¢ 5 28 8 S 3 35 8 3
R g @ g $ Lr'\) 8 8 < 0 Yol [Te} o n © © ©
; Laser C24 mcahine constant
\ Laser C24 mcahine constant P N y

Figure 2.6 Intensity curve

From performance index, the new method could lower LASER working voltage but other

performance index like E95 of laser pulse bandwidth was kept with original data (figure 2.7) which is

major concern by the CD variation of the proximity effect. Secondly the laser pulse energy was kept
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the same and stable (figure 2.8). The laser pulse energy is still concern by the CD variation which was
impacted the CD mean value effect. The result is which we had anticipated. Lower LASER working

voltage will extend LASER chamber, WSM and LNP lifetime.

E95 measurement

—EBefore — After
29000 ¢ F95 = 1.186 pm
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=
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Figure 2.7 Laser E95 Comparable Data
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Figure 2.8 Laser Performance Check
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Chapter 3 Result/Discussion
(Experiment, Result, Analysis...)

3.1 Lens A/B have double lifetime.

We used old type Lens A/B and new methodology at APD8E3 from Nov. 2006, then it got great
improvement, kept wafer level intensity stable more than 8 months and low intensity decay rate (<15
mW/cm2 / month) till now. Besides, we tried to assess the effects of the long-life Lens A/B that was
new design from ASML at APD8ES. The performance shows new method with old lens A/B is
better than old methodology with long life lens A/B, kept stable 5 months and have monthly

334 mW/cm2 intensity decay rate. (Old type: 66,000 NT/set; New type: 102,400 NT/set)

I.r‘"_ Ty
Tool A Wafer Level Intensity Trend Chart
2000 }
2000 F
7000 F Old ethodolr)gy ’New Methodolagy
-E,ISDUU [rutemra) el [, .
g som | M X W
4000 f I
= 00 |
2000 f
o000 F — Inteosity ags ----- Q03
|:| |||||||| P00 b R
855888885888 88985555555
LEERSOop BESE PRE ER 5O it 5
Daite
\, y
(" .
Wafer Level Intensity Trend Chart
o000 0B [Long life Lens 4B with old
o [ |Methodology
> 6000 [
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! Intensity 00C¢ -~ 00S
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Figure 3.1 Tool A and Tool B wafer level intensity trend chart
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According to long lifetime Lens A/B’s profitability was better than old type. We will be glad to
combine long lifetime Lens A/B with new intensity control methodology in the future. It’s effects was
assessing. Currently, our Lens A/B lifetime had extended form 4 months to more than 8 months and it

will help us to reduce 1,683,000 NT/year [17 X (12/4 — 12/8) X 66,000 NT/set].

3.2 Laser Chamber have double lifetime.

Lower LASER working voltage will extend chamber lifetime from 19 billion (= 16 months) to

39 billion(= 32 months), and 1t will help us to reduce 20,429,516 NT/year [17 X (12/16 — 12/32) X

3,204,630 NT/year].

4 )
7610 Laser Performance
1400 replace
1350 chambe “_.-1\
1300 Murrent estimated
= 1250 statement lifetime
Q ——~S
g 1200
S 1150 z method LJ/.
1100 |+APD8E3 —=— APDSE4
1050
1000 ||||||||||||||||||||||||||||||||||||
— (42] n N~ [e)} — ™ n N~ [e)] — [$2] Ln N~ ()] — ™ n N~
\ Shots (billion) y

Figure 3.2 APDS8E3 Lifetime extend estimate by LASER working voltage

3.3 Methodology change compare with production yield.

-No yield impact
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Chapter 4 Conclusion With the Model of Car Speed

We could easy to fit the research of the simple model for car speed control. In general, ASML
request laser vender to provide the fully laser pulse energy to fulfill the scanner need to achieve the
maximum WPH, but scanner side need to control the maxmum intensity to prevent the post optics
damaged by the high intensity, so it design the VA (variable attenuator) to lower down the intensity to
specific value. But it waste the intensity due to VA is a attenuator to decreased the intensity and waste
around 30% intensity when all optics is new.

It like the car speed control. We fully use the engine to fulfill value to gain the maximum speed
but due to we need to control the maximum speed to achieve the speed control is within the rule. So
we add the brake to lower down the speed, but we waste the brake effect and the engine efficiency

(figure 4.1)

" Laser®Ae EH i 0 BEBVAREIE
3% % £ 84 55 & 2L i | scanner 6000

lcms_ &4 2 of ,]'{ o

JlER S - i
FHIBH B LR R
Z #3100 km/hr -

Figure 4.1 Old Concept of the Car Speed Control
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In the new model of the car speed control, we could control the engine by control the engine
driving value to control the car speed and do not need to add the brake to lower down the speed. This
is dynamic control the car speed by efficiency control to achieve accuracy value, which is a new
concept to control car speed. It is like the new methodology to control the laser pulse energy to make
it more efficiency and could lower down to the require value to achieve exposure energy and it could

improve the Lens A/B life time and Laser chamber lifetime. (Fig 4.2)

_ &3 3]scanner 6000 mW/cm;

HEL THVAEE K i
% %4 » $'Throughput
AGEL B X3

Figure 4.2 New Concept of the Car Speed Control
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Chapter 5 Conclusion

(Root Cause, Improvement, Prevention

According to experiment’s result, we make sure the root cause of the wafer level intensity decay
issue is due to higher energy laser. And we find the new intensity control method is effective in

extending lens A/B & laser chamber lifetime. The new intensity control method flow as below:

Perform SLU to confirm
wafer level intensity on
target or not

¥

C24 must higher than
original.

Figure 5.1 The New Intensity Control Method Flow

This methodology could save a lot of cost and also pass ECIP change management for cross FAB

experiment sharing.
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