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Abstract

The low-thermal-expansion materials (LTEMS) used in EUVL must have a hear-zero
coefficient of thermal expansion (CTE). Unfortunately, the resolution of commercial
dilatometersistoo low to accurately measure the properties of LTEMs. So, LTEM
suppliers have developed their own CTE metrologies for their research. However, from
the standpoint of LTEM users, standardization of the metrology is desirable. For this
purpose, ASET formed ateam consisting of AIST and seven LTEM suppliers. AIST
possesses a very precise CTE metrology system employing a double-path optical
heterodyne interferometer and a high-precision thermo-controlled specimen chamber.
Our team has developed a practical dilatometer based on the AIST technology and
specialized to meet EUVL requirements. First, ASET queried LTEM suppliersto learn
their CTE metrology requirements for LTEM development (including information on
specimen size, measurement temperature range, etc.), and determined the specifications
of the dilatometer. Next, the sources of uncertainty were considered, and the design of
the dilatometer was optimized. A prototype dilatometer has been constructed, and the
performance is now being assessed. The expanded uncertainty (k=2) of CTE
measurements should be 2 ppb/K. Some of the performance data is also due to be
reported.  This study was supported by NEDO.
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Background : CTE definition

CTE Coefficient of Thermal Expansion

CTE of thegeneral LTEMS
Quartz 1ppm SUS304 20ppm
Al,O; 7ppm Si;N, 4ppm
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Background : The necessity for LTEMsin EUVL

Exposure Expansion
(Shrl nk)
Before After

Substrate temparature change

Fig Schematic fiqure of the mask deformation under exposure

SEMI standards (Mask substrate)
O+ S5ppb/ (19 25 )

1ppb  0.1nm (@10cm specimen)
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Background : CTE metrology

Metrology required in early stages of LTEMs development : absolute measurement

Clagsification

Measuring method

Advantage
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Cotnparison measuretnent

Ultra-sonic velocity
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Metrology for mass production
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Push rod High accuracy
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Background : Optical interferometry

In order to obtain resolution of 0.1nm

Measuring method

Feature

Accuracy

Marketing eoguipme nt

Mickelson interferometer

[ntensity measurement

1700  few nm

Existence (ULYAC-RIKO, Inc.)

Optical heterodyne
interferometer

Phase measurement

10004  subnm

Mon—existence

Optical heterodyne interferometry hasthe highest accuracy
of CTE measurement
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Target of the technology devel opment

» Absolute measurement (Optical heterodyne interferometer)
 Resolution: 1ppb/ orless

 Repeatability 30  3ppb/ orless

» Practical equipment Marketable

» Standard metrology
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Development scheme

LTEMs suppliers Research organizations

Nelioes! Ingiflufie of
Advenced (ndwxirial Scirece and Techeology (AIET)
B OTFTEEE A, N A A T

Basic technology and
patent occupation

Seven Japanese o N
L TEMS companies Specification decision

Equipment evaluation

L TEMs devel oper

EUVL technology and
|nformation occupation

M etroloqy user

Equipment design

Equipment supplier Vuniopt
Optical heterodyne interferometer,
Thermal control technique
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Equipment design : Core technology

Principle of the optical-heterodyne T
Interferometric measurement b | -g
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2 optical-heterodyne interferometer.
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Phase difference between PD1 and PD2
27AL A L Optical-path-length change
A(¢s o ¢r ) —

A (4 times of specimen length change by thermal expansion )
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Equipment design : Core technology

Arrangement of a laser interferomeier for dilatomern
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Fig. Schematic figure of the high precision CTE measurement
equipment at AIST. This equipment is used for calibration
Services.

EUV LITHOGRAPHY

| |
ASET EUVP EUVL Symposium, November 2 — November 4, 2004




Equipment design : To match the EUVL reguirements

To obtain high precision
Approach from uncertainty factor consideration

o[ ool )| 2[5

Determination of the  Determination of the  Thermo-control stability

specimen length specimen length and determination of the
change by thermal temperature
expansion ‘\
Thisterm has alittle Thisterm has Thisterm has alittle
influence large influence influence
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Equipment design : Uncertainty factors of the A L determination
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Equipment design : To avoid an inclination of the specimen during

_ _ measurement
Interferometer
| B Frame
0 water
[ ] Specimen
[ 1 LTEM
B Thermal-shield
Stone plate I Inver
Vibration isolating table B potier device
[0 L0
Fig. Schematic figure of the construction of the dilatometer
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Equipment design : Uncertainty factors of the thermal-control and
A T determination
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Resolution of the Temperature Determination of

thermometer fluctuation the temperature
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Fig. Schemaﬂlgure of the thermo-control system 0 /Sl q )
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System flow diagram
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Specifications

Classification lterms opecification
Peformance Resolution of phase detection 01 [deg]
Thermal-control accuracy of the specimen +01 [C]

S pecirmen Specimen size Wradsx T:10x L1000 [mm)
Swstem Light source Fregue ncy stahkilized He—Me LASER
Interferometar Dptical heterodyvne interferometer

Freguency modulation

Acoust—optical-modulater

Beat freoguency

25 [kHz]

Fhoto detector

APD

Fhase detector

Digital lock—in—amplifier

Thermal-control

Water circulation + Pertier devices
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Manufacture of the equipment : Vacuum chamber

He-Ne Laser,
| nterferometer

Specimen exchange door

supplier:  §uniopt
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Manufacture of the equipment : He-Ne Laser & Interferometer

Optical heterodyne interferometer : Compact design

&
| ]
| L | | | 50| e e
H+—a 1 | & | :
' . . BE~SAHA] 4 & ABCD
| | i
Pl g o | 4
3 AT T E—— - ——a ¥
=1 ‘.I.I'. 1 —
- s {fd-h || mmnzd |
- : | lalels a
Ps. — e TR #
E || R | =lLI r.._.l - —1 ! I s B =L 29 =] 3 mmi
] i - —  wm - ! vl W BlRE-LAT 8- Brnd
I H1—= — ] 1 1] 18- —r W EF=( AmmAl
! I I P W FEETET
Freguency stabilized . v [ T Ly SRS

i
HPR
| | | 1 1, 1S4 FEE | G e
He'Ne Laser = 1 A LEHE 1A 1 AT ERE Sl
— | Pm
_ L iR-0lpels E5-0BRS tERcESOEN
| .
- A0yl SRREER FRERE AddEsg by Ta-3

MOC-Y S-303

Specifications
Frequency stability : <101
Output power : 3mW
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Manufacture of the equipment : Thermal control unit
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Heat source : Thermal shield (radiation) & Peltier devise (conduction)
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Specimen

Optical path Lara
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Summary

ASET, AIST, and LTEM suppliers have started the development of the
practical dilatometer for low-thermal-expansion materials used in EUVL.

The design of the dilatometer is based on the AIST’'s CTE metrology system,
which employing a double-path optical heterodyne interferometer.

The sources of uncertainty were considered, and the design of the dilatometer
was optimized.

A prototype dilatometer has been constructed, and the performance is now
being assessed.

This study was supported by NEDO.

™ “'II F'!
/SE

EUV LITHOGRAPHY

L |
ASET EUVP EUVL Symposium, November 2 — November 4, 2004



	Design and manufacture of high-precision dilatometer for low-thermal-expansion materials for EUVL
	Abstract
	Contents
	Background  :  CTE definition
	Background : The necessity for LTEMs in EUVL
	Background : CTE metrology
	Background : Optical interferometry
	Target of the technology development
	Development scheme
	Equipment design  :  Core technology
	Equipment design  :　 Core technology
	Equipment design  : To match the EUVL requirements
	Equipment design  : Uncertainty factors of the ΔL determination
	Equipment design  : To avoid an inclination of the specimen during measurement
	Equipment design  : Uncertainty factors of the thermal-control and ΔT determination
	System flow diagram
	Specifications
	Manufacture of the equipment  : Vacuum chamber
	Manufacture of the equipment  : He-Ne Laser & Interferometer
	Manufacture of the equipment  : Thermal control unit
	Specimen
	Summary

