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CLEARCERAM-Z

(7')7C3Z4L-2)

CLEARCERAM™-Z& (&, Z/\SHREE ofc. SHBBERI CERHIHEK
MZZiAURBEUe, MRERASA TSIV I XTI,

ASXER. FHT DERORES. RUMHEZREICHAE I DI LT, 28
B, BHEMEE (E2NEEZEE L <@L 8e. BN ZEE T oMK T,
CLEARCERAM™-Z 125 (LI FRegular) &.CLEARCERAM™-Z HS (4
THS) @ ZDDNNUIT—3VHBDET,

CLEARCERAM™-Z is a Glass-Ceramic with an Ultra-Low Thermal Expansion
Coefficient which was developed by Ohara based on our knowledge of High
Homogeneity Melting and Precise Crystallization.

This material is produced under tightly controlled conditions and offers outstanding
thermal, mechanical and chemical properties.

There are 2 versions of CLEARCERAM™-Z; CCZ Regular and CCZ HS.

¢1.5miE& CLEARCERAM™-Z iSRSV IR
CLEARCERAM™-Z Glass Blank (Diameter: Over 1.5m)
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CLEARCERAM-ZD##R

Key Properties of CLEARCERAM™-Z

1 EEERISE ultra-Low Expansion

LRLERSE CPORREEZE L. MAGREICOVLWTERNMETY., &e. HS
TRERMICOTPORRSMZRERICHRUSHTVE T,

The material shows almost Zero Thermal Expansion over a wide temperature range and
offers superior thermal shock resistance. CCZ Regular offers lower thermal expansion across
a wide temperature range, while the CCZ HS offers lower thermal expansion near room
temperature.

2 BENr-iEgmKRME superior Mechanical Properties

HSARICH70%DIERZATES B TND e, TDEBIIMBE(HEE DS X (CHER
LT, BrrI% . gtk  S8E SRR, BNFEZEaLTVED,

The material is comprised of approximately 70% ceramic, which makes the mechanical
characteristics superior to regular amorphous glass when comparing properties such as
Young's Modulus, Rigidity, Bending Strength, and Hardness.

3 ENEITIYSE Superior Machinabilit

BRINT CEUDNAI0O0 Sy UEDRIFETZIEL. INTIEICEN. SR
ZEVEECINII & ENHRECT,

The crystal grain structure of the material prevents the propagation of micro cracks caused in
machining processes. This property allows the material to be processed into various shapes
with high accuracy, with ease of machinability and elevated yield rates.

4 BNEEZENSYE  Excellent Chemical Properties

ASZABHEAHIC, Na- K- B - F - Pbfinz=8 8 FEE2NMAECEN. BeDHk
ORISR U CFBICRETT .

The material has very high chemical durability and is very stable in various cleaning and
thin-film coating processes. CLEARCERAM™-Z does not contain Na, K, B, F, and Pb in its
composition which is a main reason for the excellent chemical resistance the material displays.
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1-1 ZAMSR4SE  Thermal Expansion Properties

CLEARCERAM™-ZD&ADFFHIS. TORERFETH D, [LUVERSHE CEO TREVEREMEZELTHD
FI. FCHSICODWCFFICEERMNAICHBNTIFEAEBORRZRLE T,

CLEARCERAM™-ZD#FfE R, SREHEO~50C THRIIL TWLIE T,

The most outstanding characteristic of CLEARCERAM™-Z is its thermal expansion property. The CCZ Regular
maintains an extremely low thermal expansion over a wide temperature range. The HS Grade shows almost zero
expansion near room temperature.

The Coefficient of Thermal Expansion of CLEARCERAM™-Z is guaranteed for the temperature range of 0~50°C.

CCZ Regular 0.0£1.0x107/°C
CCZ HS 0.0£0.2x107/°C

AEARAROFHZR . 2[0RUET. CLEARCERAM™-Z RegularlZ LUV ERESHE CEERZRU. HSIE
ERCHIDERERZRULE T,

Chart No.1 & 2 show the curves of the thermal expansion. CCZ Regular offers lower thermal expansion across a wide
temperature range, while the CCZ HS offers lower thermal expansion near room temperature.
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E1 CLEARCERAM™-ZD#uEsiRenER CRESEE : 0~+50T)
Chart No.1 Thermal expansion curves for CLEARCERAM™-Z (Temp. Range: 0~+50°C)
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E2 CLEARCERAM™-Zn#E/iRehiR (EEEEEHR 1 —60~+160T)
Chart No.2 Thermal expansion curves for CLEARCERAM™-Z (Temp. Range: -60~+160°C)

FI\SRERRAELRFEN BEHEE (0~50C) #DELEE 0=005x107/C
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1-2 BKRICHT DERSE

CLEARCERAM™-Z DHMESERER T D ARHRIC DV CRIBICRULE T,
CIUFIRMATECA N ERER MG IC BV CAIESNIcBDTY,

Chart No.3 shows the curves of thermal expansion for CCZ Regular and CCZ HS at extremely low temperatures.

Thermal Expansion Properties at Extreme

This data was obtained by the National Institute of Advanced Industrial Science and Technology.

— CLEARCERAM-Z Regular

— CLEARCERAM-Z HS
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B3 CLEARCERAM™-ZD#iEaReHR CRESEE : 10~320K)
Chart No.3 Thermal expansion curves for CLEARCERAM™-Z (Temp. Range: 10~320K)

BE(LNTI. 777NV 5 0 b Rm
Light Weight Processing Product (Water Jet / Diffusion Bonding Method)
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1-3 BYGEFE  Thermal Conductivity

CCZ Regular CCZ HS
EREER ;I'Vt\u;jr(r:]al K(,;;mductivity 151 1.54
ﬁk?ﬁ%ﬂi ]Tg_e;r:g'/gffugon 0.00762 0.00760
tt??kk JSF:(C;CK;eat 0.777 0.796

1-4 THERGSTHE Thermal Resistance

CLEARCERAM™-ZDMMit2RE(IF650CTTT, 650T. 100 THIIE L THI IR RAM - BITEROE
EFFEAERESNF B A,

The operational temperature of CLEARCERAM™-Z is 650°C. Even after storing in an environment of 650°C x 100
hours, there is little variation in the thermal expansion coefficient and the refractive indices.

Ux—4—IJ1v NETBRE(LINIULCLEARCERAM™-Z
CLEARCERAM™-Z Processed by Water-Jet
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2-2 HiIF38E  Bending Strength

YOUE - QIEE  Young's Modulus and Rigidity

CLEARCERAM™-Z(DV7 > JFESREDBIRZENAICRULE T,
CLEARCERAM™-Z[E300TCE TREZ LIFCH. FEAEVY Y ITEDRLZRIT LDV, BT

R ZR O CVE T,

Chart No.4 shows the relationship between Young's Modulus and Rigidity Modulus verse Temperature for
CLEARCERAM™-Z. The Young's Modulus and Rigidity Modulus remain very stable, even when the material is heated

up to 300°C.
Py Py Py e [ ] [ ] L] [ ] ] Iy
Young's Modulus
L) [ ] q [ ] [ ] ® ® e [ ] [ ] @
Rigidity Modulus
-100 -50 0 50 100 150 300 350
Temperature (C)
B4 CLEARCERAM™-ZOEFEEICHT DV ITRERIME
Chart No.4 Young's Modulus & Rigidity of CLEARCERAM™-Z
CCZ Resular CCZ HS
> Young's Modulus GPa 90 92
1% Rigidity GPa 36 37
7Y L Poisson's Ratio 0.25 0.25

JISR1601ICHEVWCAIESNIc4RBITREZUTCORUE T,

Values by Four-Point Measuring Method per JIS R1601 procedure.

CCZ Regular 116 MPa
122 MPa

CCZ HS



2-3 E Hardness

<

>

CCZ Regular CCZ HS =

S

X—TMEE Knoop Hardness Hk 600 590 8
-

EwH—XFEE Vickers Hardness Hv 680 730 -(8”
=

2-4 tbEE - BFEE  Specific Gravity and Abrasion

CCZ Resular CCZ HS
tEE Specific Gravity 2.55 2.55
EEFEE Abrasion Aa 62 62

2-5 —F 1 VJICLBDRMEE(E Change in Surface by Coz

CLEARCERAM™-Z(FE#EE T, MELLAICERE (Cried) Z0—7 « VI U TCHHEDELFSHDFEEA.
Ffe. =T« VIBROEDREFZEEICOVTE, FEAETENTENDD O TVERT HETAIEFRTI ),

Precisely polished surfaces of CLEARCERAM™-Z do not change after coating with metals (such as Cr), and the
coatings remain stable over time (no aging).

&EgREEZ J1— FUcCLEARCERAM™-Z
CLEARCERAM™-Z disks with various coatings
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Transmission (%)

3-1 HRRICHIIDERE

100

90

80

70

60

50

40

30

20

10

Refractive Indices at Various Wavelengths

AN KUR Spectral Lines Nisis 01529 Niz9 Ny Ng:
&R Wave length (nm) 1813.07 1529.58 1128.64 1013.98 643.85
IZHERR Regular Grade 1.52441 1.52819 1.63334 1.63499 1.54357
HSER HS Grade 1.52484 1.52863 1.63379 1.53545 1.54409
ARG ~U#R Spectral Lines Ny Ne e Ng Ny
JEE Wave length (nm) 587.56 546.07 479.99 435.83 404.65
1R Regular Grade 1.54607 1.54841 1.656350 1.55838 1.56300
HS& HS Grade 1.54662 1.54899 1.556415 1.55913 1.56387
3-2 AFJEBE Optical Transmission
/ /
/‘/ — CLEARCERAM-Z Regular
/ — CLEARCERAM-Z HS
/ Sample thickness=10mm
300 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500
Wavelength (nm)

K5 CLEARCERAM™.-ZDi&EBRiHR
Chart No.5 Transmission Curves for CLEARCERAM™-Z
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Internal Transmittance
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E6 CLEARCERAM™-ZDAEREEIRAHR
Chart No.6 Internal Transmittance Curves for CLEARCERAM™-Z

3-3 BIREDBEFEI Effect of Temperature on Refractive Indices

CLEARCERAM™-Z Regular

1523 |t qoi1398) |C' 6asss)| HE-NE |D (sg029) | € (54607) |F (47099) |8 (ass84)
-40~-20 126 | 127 | 132 | 182 | 134 | 136 | 140 | 144
-20~0 1830 | 131 | 136 | 1836 | 138 | 140 | 144 | 148
0~20 1833|1835 | 140 | 140 | 142 | 144 | 148 | 15.2
20~40 1837|1138 | 144 | 144 | 146 | 148 | 152 | 15.7
40~60 140 | 142 | 148 | 148 | 150 | 152 | 157 | 16.2
60~80 144 | 146 | 152 | 152 | 154 | 156 | 16.1 | 166

CLEARCERAM™-Z HS

1523 |t qoi1a9e) |C' asss)| HE-NE |D gazg)|€ 54607 |F (47099) |8 asss4)
-40~-20 123 | 127|128 | 129 | 130 | 132 | 135 | 139
-20~0 127113811383 | 134 | 135 | 13.7 | 14.1 | 145
0~20 1832|1835 | 138 | 139 | 140 | 142 | 1486 | 150
20~40 18711838 | 143 | 144 | 145 | 147 | 15.1 | 156
40~60 141 1142|148 | 149 | 150 | 152 | 157 | 182
60~80 146 | 146 | 153 | 1564 | 155 | 157 | 1682 | 18.7

M



CLEARCERAM™-ZD LM A4 BAXFHFLES (JOGIS) FBOHEBRITEICK > CTEHEL TLE T,
Ffee MPZIVAUMKICDWCTIE. Z/\SHREDORETFHEL TLET,

HE425~600 umICiE# S N/cCLEARCERAM™-ZZHE T S LABD . BEEDHICAN. TNZHEDA D
TEARASARFAET SR INCANT, HBEKBHTEODBIUIEL, LIBRHEKRASADESER (Wid) ZHH
LET,

BRI AED EE(FHEK (pHE.5~7.5) MEMD & E($0.0 1 NIEBEAGER. M7 )L AU MEDEEEO. TN
MY —YKBRZERALTVET,

The Chemical Resistance of CLEARCERAM™-Z is determined using a testing method written in Japan Optical Glass
Industrial Standards (JOGIS). The alkali resistance is determined by Ohara's own method.

For testing, CLEARCERAM™-Z is milled to a grain size of 425~600um. Then it is kept in boiling water for 60 minutes
in a quartz flask which is situated in a platinum basket. The reduction in weight (wt%) is determined after this process
is complete and the material is allowed to dry. We use Pure Water(pH6.5~7.5), for the Water Resistance Test, 0.01N
Nitric Acid solution for the Acid Resistance Test, and 0. 1N NaOH solution for the Alkali Resistance Test.

CCZ Regular CCZ HS g Std.
7K Water Resist.  Rw 2#k Class 2 1%k Class 1 JOGIS
MBS Acid Resist. RA T#% Class 1 1k Class 1 JOGIS

M7 )LAUME Alkali Resist. Ralk 0.25% 0.19% OHARA

CLEARCERAM™-Z(ILZHMFEDRF CH D —MROEASABLUNEHSRICHAN, BNIEMAEZE L
TWET,

CLEARCERAM™-Z has excellent chemical properties and offers better chemical resistance than amorphous glasses.

CLEARCERAM™-ZoDtRE® (AFMIR)
Polished Surface of CLEARCERAM™-Z (AFM)

Rms :0.15nm Ra:0.12nm
CLEARCERAM™-Zi&, EFUANIVOREMIHEIEETT

CLEARCERAM™-Z can be precisely polished to extremely low surface roughness values.

/12



logo (Q-cm)

5-1 (FTEIRIE  Volume Resistivity
ZREICHT DHBIENEZRULET,

Volume Resistivity at various temperatures.

B Tomp (C) CLEARCERAM™-Z Regular CLEARCERAM™-Z HS
= P (Q-cm) (Q-cm)
25 1.5x10' 6.4x10'"
100 1.8%x10'° 2.9x10'°
200 8.6x10° 1.9x10°
300 1.0x108 6.4x107
400 1.2x107 6.1x10°
500 165x10° 15x10°
600 3.4%x10° 3.8x10°
700 9.8x10* 1.0x10°
m
14 )
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E7 CLEARCERAM™-ZOEREICHFIDloge (o : FEEHRR)
Chart No.7 Volume resistivity of CLEARCERAM™-Z at various temperatures.
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B A4S  Helium Permeability and Outgassing

6-1 NUDLEBISHE  Helium Permeability

AU LER (X10""Pa - m®/sec.) Helium Permeability: Unit x10""" Pa-m®/sec.

25T 100 200T 300T 350T

< 0.1 < 0.1 2.6 54 8.6

oD ABBEBRIERFE : 0.1X 10" Pa - m¥/sec.
+ Sensitivity limit of helium permeability test: 0.1x10-11 Pa'm3/sec.

6-2 B A4S  Outgassing

CLEARCERAM™-Z(SZ WD ZDEMD S ENTVE I SEFTHUEZLTH. MEDSHEENS
HARS - EFARASALEAFECTHD. EERBMDDODBREAADNEEAEHDEBA. L0 T BEEEDBVE
BN TCLEARCERAM™-Z ZERLTH. BEZBRIT D LIFHDFEA,

o HER(F=IRN'S 1,000C K CCLEARCERAM™-ZZ NZA U Te & T DA ARHEHER KD

CLEARCERAM™-Z is composed of various elements, but the level and the type of outgassing is comparable to
quartz glass. There is little emission of metal based gas and CLEARCERAM™-Z will not contaminate high level vacuum
chambers.

+ CLEARCERAM™-Z was heated from room temperature to 1,000°C for the outgassing test.

EUVLRAYRIYTJZAMU—F CLEARCERAM™-Z
EUVL Mask Substrates made of CLEARCERAM™-Z

4\



CLEARCERAM™-Z(&, TEETAICTABRERE (a8 - 29 - KD ZLTLET,

The internal quality of CLEARCERAM™-Z is controlled with the sizes of the products shown below:

7-1 ®E~&E Product Size

& Width / #}% Diameter (mm) E& Thickness (mm) £ Length (mm)
~200 ~80 ~ 3,200
200~500 ~80 ~700
~ @ 1500 ~300 =

® LEEDYA XLSADTELECRLTIE. SIS,
+ In case of a material requirement for product sizes which are outside of the range shown above, please consult us.

7-2 ;& « 2% Bubbles and Inclusions

CLEARCERAM™-Z®Dja - BYFRICOVTUTITRUE T,
CLEARCERAM™-ZDja, EYICHT DRAEFER. BERFCERAENO. ITmMUEDBDZENRE LTVET,

The chart shows the classification of bubbles and inclusions of CLEARCERAM™-Z
This classification includes all bubbles and inclusions measuring = 0.1Tmm.

#& Class Cl c2 C3 C4 (=% Standard)
3 N on e
T talosaecionolbes | <003 | 2008 | =0 2025
sect . ' <0.1 <0.25 <20

in 100cc (Mm?)

® 5 CHREDEWGEIFCAREREL S BTV IEEEX T,
+ Class C4 standard material will be used a tighter Class is designated.

7-3 [RI2 Striae

CLEARCERAM™-ZDIREIRE(F. HASRICRAFEDNZH T, —HANSERTRELTVE T,
CLEARCERAM™-ZDIREERIC DT, MUTHITRULET,

Striae in CLEARCERAM™-Z is inspected in one direction with high intensity light by qualified inspectors.
Striae Class of CLEARCERAM™-Z are classified as below:

Rk Class IREDIEE Class Definition
Cl IRIEAERD STEVBD No visible striae
c2 BLTHRILIRE CRICR A DRFDED  Striae is light and scattered
C3 THIERIED DTN CHHED Only slight parallel striae is detected
C4 (g Standard) | _HECC3HRICTHIZEWLBD Any case which does not apply to Class C3

® 5 CHIREDFWVGEIFCAHRZREL S BTV IEEE T,
* Class C4 standard material will be used a tighter Class is designated.
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[B8E&E8] CLEARCERAM™-Z &FEET(LICDOWVWT

BETEEbEE

CLEARCERAM™-ZIFREN—EDHE TH. KERBELEEBICCS<DOITNTIINELET .
AE LTz, (UREVIEIRESR AL/LOKRES(E.

145D 1107 1/

DIEETY,
(AL TFEOHABNERS L d80BEORT)

* 1 ZORIEIFPTB*2MPrecision Interferometer C{ThNIcHD T,
*2 PTB : RAYEIIYEBIHRZFT

[Reference Materials] Length Stability Over Time of CLEARCERAM™-Z

Length stability over time

Even on a constant temperature, CLEARCERAM™-Z shrinks very slightly over time.
Typical shrinking rates AL/L that have been measured for the material samples are about

1x107 per year*'

at room temperature.
(AL: Shrinking length of sample per year  L: Sample length)

* 1 The measurements were performed at PTB's Precision Interferometer.

/16



HHEIEEYME—ES Chart of Properties

CLEARCERAM™-Z Regular HS
B CTE (X107/C) 0~50T 0.0+1.0 0.0x0.2
LRSI F{EEE Thermal Conductivity (W/m-K) 1.51 1.54
> Young's Modulus (GPa) 90 92
BIMESR Rigidity (GPa) 36 37
777 /L, Poisson's Ratio 0.25 0.25
— X—FEE Knoop Hardness HKk* 600 (B) 590 (B)
s intiesl [ epaties EwH—FEE Vickers Hardness Hv 680 730
EEfEE Abrasion Aa™ 62 62
HIF38EBending Strength (MPa) 116 122
& Specific Gravity 2.55 2.55
fE#T=R Refractive Index Ny 1.546 1.547
fEHTER Refractive Index (1550nm) 1.528 1.528
Optical Properties 500nm ~085 ~082
RErSEES
Internal Transmittance 980nm >0.98 >0.98
(10mmt)
1550nm >0.98 >0.98
MK (#37K5%) Water Resistance (Powder) RW* 2%k Class 2 1% Class 1
Aspa
ﬂf:—?—E'J!‘r%fi : MBS (#35%) Acid Resistance (Powder) RA* 1#% Class 1 1#% Class 1
Chemical Properties
M7ILAUM (#955%) Alkali Resistance (Powder) Ralk™* 0.25% 0.19%
I E REIEE Volume Resistivity (Q+cm) 25T 15%10' 6.4x10'

Electrical Properties

O IIHBIFEAMRFEICEBIEVN. BRSNS TENAHDET,

© CLEARCERAM (IS A /\SOEFEIRCI. (BRE  BF. RV, 7AUND)

* Values in the chart may change due to ongoing development activity.

#JOGIS  #3%0OHARA

« CLEARCERAM is registerd trade mark of OHARA INC. (Country of Registration : Japan, Germany and the United State)
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HKASE AN\ S

OHARA Incorporated

At - T35 T2b2-5286 M%) | EAFRER AR X/N\1 1-15-30
1-15-30 Oyama, Chuo-Ku, Sagamihara-Shi, Kanagawa 252-5286 Japan

LY http://www.ohara-inc.co.jp/

2 % E:TEL.O42-772-5117 FAX.042-774-1799
HREESS : TEL.O42-772-5114 FAX.042-772-2280

OHARA Corporation (USA) URL http://www.oharacorp.com/
Address : 50 Columbia Road, Branchburg, New Jersey 08876-3519 U.S.A.
Tel : +1-908-218-0100 Fax:+1-908-218-1685

Address : 23141 Arroyo Vista, Suite 200, Rancho Santa Margarita, California 92688 U.S.A.
Tel: +1-949-858-5700 Fax : +1-949-858-5455

OHARA GmbH (Germany) URL http://www.ohara-gmbh.com/
Address : Im Langgewann 4, 65719 Hofheim, Germany
Tel : +49-6192-9650-50 Fax : +49-6192-9650-51
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