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CTE (x107/T) 0~50T 0.0x1.0 0.0x0.2 z
o
B R Thermal Conductivity (W/m-K) 1.51 1.52 %
E]
>3 Young's Modulus (GPa) 90 90 4 .= 4 g
BEERASAESIv IR B w T
At Rigidity (GPa) Sig g8 ULTRA-LOW EXPANSION GLASS-CERAMICS 2
®_
7RV /L Poisson's Ratio 0.25 0.25 CLEARCERAM®_Z CLEARCERAM®-Z 2 %.
w
X—JFEE Knoop Hardness Hk* 600 (B) 640 (6) CLEARCERAM®-ZDFsx 3
EwH—AMEE Vickers Hardness Hv 680 700 BN 4
EEFEE Abrasion Aa™ 62 64 (2] BRI 8
Hh(S58EBending Strength (MPa) 116 111 BIAZ B4 10
& Specific Gravity 2.55 2.55 (4122t 12
JEHTE Refractive Index N, 1.546 1.547 (6] BBV 13
[E#T=E Refractive Index (1550nm) 1.528 1.528 [6] H 2 451 14
7w RE Abbe Number v d 55.5 55.0 (7] PR ES 15
500nm >85 >80 R SR B
WEREBER MRIEYE—S 16
Internal Transmittance (%) 980nm >98 >97
(10mmt)
1550nm >98 >98
. . " INDEX
MK (¥3K7E) Water Resistance (Powder) RW* 2fk Class 2 1#% Class 1 m
)
a
MM (%) Acid Resistance (Powder) RA* 148 Class 1 148 Class 1 CLEARCERAM®-Z 2 §
S
i77)ILA UM (HFIE) AkaliResistance (Powder) Ralk™* 0.25% 0.21% Key Properties of CLEARCERAM®-Z 3 T
=]
=
Thermal Properties 4 e
-
AFRIEHTE Volume Resistivity (Q/cm) 25T 1.5%x10' 6.4x10'® &
Mechanical Properties 8
3] Optical Properties 10
o MMBIFEMBIRICE DL, BEESNBTLNBDET. ¥JOGIS #:%OHARA P P =
O NPT A X ANFOATE7RICEHDRRET A ALUNDTELICEHLTE [@]Chemical Properties 12 =
CHBLIZE V), 3tonE TORMILHAIEET T, =
I
Electrical Properties 13 o
* Values in the chart may change due to ongoing development activity. =
« Product Size: In case of a material requirement for product sizes which are outside of the range shown [6]Helium Permeability 14 2
in Category No. 7 of this Catalog, please consult us. The maximum product weight we can achieve is E:
1 =2
approximately 3 tons. Dinternal Quality 15 &
Chart of Properties 16
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CLEARCERAM-Z
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CLEARCERAM®™-Z& (&, Z/\THRFEE ofc. SHERFERIM & fESRHIE AT
ZIVAURR Ule, RIERRASAESI v IR TY,

AR, T DEROAES. RUMEBZHE(ICREITHTI LT, BN
HEE. FmEEE. (E2HEEZE U< @ LS Bl BNBEZER I dMEI T,
CLEARCERAM™-Z %% (B FRegular) &. CLEARCERAM®-Z HS (U
THS) @ ZDDINUIT—Y3VHBDET,

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.

91800 =5—JSVUMHA, 1800 Mirror Blank

CLEARCERAM-ZD%5R

Key Properties of CLEARCERAM®-Z

Ultra-Low E

LUVEESE CPORREEZE L. MAGEEICOVWTHENMEI T, Ffe. HS
TRERMHI COCORREEZRERICHEULEDTNET,

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

HS AT 70%DIERZMES B CLD e, TOMHMEIIBED SR (THE
LT, 5P I% - SlltE - g8E - sEEL. BNEEZEaLTVET,

temperature.

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.

BRI CEUDNYA OO0 Sy UEDRIEETZIEL. INTIEICEN. dS0DHFIN
ZEWEECINLII & ENHRETT,

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.

_Excellent Chemical Properties

ASRABRRIRIT, Na - K- B - F - PhlinZ=8 8 MEZNMALICEN. BLDiH%
APRIRICN U CFRBICRECY .

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 ZAMZSR4SE  Thermal Expansion Properties

CLEARCERAM™-ZDERADFHIF. TORAEREETH D, LLRESRE TEO TRVEREHZELTHED
FIo FCHSICDWTCIFFICERMAICBVTE LA BORERZRLE T,

CLEARCERAM™-Z D#EsRAFIEIF. SREFHEO~50C TRIEL TLE 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

R RIROFEHZRT . 2ITRULE T, CLEARCERAM®-Z RegularlF LUV EEHE CEERZRL. HSIF
FECKIDERERZRULET,

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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AL/L (X107)
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K1 CLEARCERAM®-ZD#EARMR GRESE : 0~+50T)
Chart No.1 Thermal expansion curves for CLEARCERAM®-Z (Temp. Range: 0~+50°C)
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2 CLEARCERAM®-Zo#EARehR GREEE : —60~+160T)
Chart No.2 Thermal expansion curves for CLEARCERAM®-Z (Temp. Range: -60~+160°C)

FINSREERAEIREEN

BEHE (0~50TC) #®biRUEZE 0=0.05%x107/C
(01 e T AR I T T T N 2 e D e ditstoy o Temp. Range = 0750°C, Repeatability 0= 0.05x10-7/°C
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AL/L (X107)

1-2 {EEBICBIFBMEIRIFME  Thermal Expansion Properties at Extremely Low
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CLEARCERAM™-Z DRMERRERE C O RAIRIC DV CTRIBICRLE T,
CNUFIRATBUA NESREAT R G MR C BV CRIESNIcBDTY,

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

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

— CLEARCERAM-Z Regular

— CLEARCERAM-Z HS

0 50 100 150 200 250 300
Temperature (K)

®3 CLEARCERAM®-Zn#zRsiR CEEEE : 10~320K)
Chart No.3 Thermal expansion curves for CLEARCERAM®-Z (Temp. Range: 10~320K)

BEENI. #7757 «HI3V5 0 bRm
Light Weight Processing Product (Water Jet / Diffusion Bonding Method)
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1-3 BYREFE  Thermal Conductivity

CCZ Regular CCZ HS
HRER ;I'Vf\}ir(r:qal KC)())nductivity 151 1.52
%}E’éﬂli ]Tgfgg'/gff”sm” 0.00762 0.00775
J:I:fi.é‘&k jf(i(:.icK)F)'eat 0.777 0.773

1-4 THEUSE Thermal Resistance

CLEARCERAM™-ZDMi#REE(F650TCTY, 650T. 100K~ CHMIE L THF IR KRG - BITEDE
EFFEAERSNEFE .

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.

U#—F—Y 1y NECBRILINTI LzCLEARCERAM®-Z
CLEARCERAM®-Z Processed by Water-Jet
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2-3 fE Hardness

2-1 POFE-HIEE  Young's Modulus and Rigidity

CLEARCERAM™-ZD V> JHE REDREMZENAICRLE T, S e
ES CLEARCERAM®-ZI3300C & TREE LIF T, FEAETY IRDELERIT T DB, BN eeuar 2
o) y o)
= RER>TLET. X—JHBE Knoop Hardness Hk 600 640 =
3 E]
S Chart No.4 shows the relationship between Young's Modulus and Rigidity Modulus verse Temperature for EwH—ZFEE Vickers Hardness Hv 680 700 8
= CLEARCERAM®-Z. The Young's Modulus and Rigidity Modulus remain very stable, even when the material is heated up =
3 to 300°C. a
< =]
o @
= =
g 100 2-4 Lts - BB Specific Gravity & Abrasion 2
920 Y 'y Py 2 ] [} ° ° [} ® ® [ ] L] ° [ ] ] ('Y
Young's Modulus CCZ Resgular CCZ HS
80
tEE Specific Gravity 2.55 2.55
70
EEFEE Abrasion Aa 62 B84
60
©
% 50
20 2-5 J—F 1 VJICELDRMEE(L Change in Surface by Coating
e L ] L [ ] L] L ] o o [ ] L] ° L] [ ] [ ] L] ® [ ] @
30 CLEARCERAM™-ZIISHEE T B LIcAICERE (Crige ) Z1—F « VI U CHBHEDZELIFD D EF B A. Eie.
Rigidity Modulus O—F « VJBDEDREZLICDOVNTH. FEAETVNCERDD D TVET HERIERTT ),
20
Precisely polished surfaces of CLEARCERAM®-Z do not change after coating with metals (such as Cr), and the coatings
10 remain stable over time (no aging).
0
-100 -50 0 50 100 150 200 250 300 350

Temperature (°C)

K4 CLEARCERAM®-ZOEREICHT 2V IREAIER
Chart No.4 Young's Modulus & Rigidity of CLEARCERAM®-Z

CCZ Resgular CCZ HS
>J% Young's Modulus GPa 90 90
At Rigidty GPa 36 315
R77YV /L Poisson's Ratio 0.25 0.25

2-2 HiIF38E  Bending Strength
JIS R160 1 [CBVLWCAIES NI4T @EZ NIRULERT,

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

CCZ Regular 116 MPa
CCZ HS 111 MPa

EE£EE%EI1— MNUCLEARCERAM®-Z
CLEARCERAM®-Z disks with various coatings

8 (9N



s 2 100 == e —
3-1 BERICBIFTBMEIAE  Refractive indices at various wavelengths /
Y/
80
7\’\°7 '\)L/ﬁ% SpeCtral Lines Nigi3 N1529 Ny129 Nt Ne: . 20 // = CLEA RCERNM'Z Regular
O\O
R Wave length (nm) 1813.07 15629.68 1128.64 1013.98 643.85 E // -1 CLEA RCERA'M-Z HS
c 60
TZHER Regular Grade 1.52441 152819 153334 1.53499 1.64357 % // Sample thickness=10mm
@ 50
HSER HS Grade 1.52484 1.52863 1.53379 1.53545 1.54409 §
- 40
S
. . £ 30
AT ~U#R Spectral Lines Ny Ne il Ng Ny c
g g
2 . Wave length (nm) 587.56 546.07 479.99 435.83 404.65 20 =3
i) &
T IR#EM Regular Grade 1.54607 1.54841 1.55360 1.55838 1.56300 10 =
(=} =}
® HS& HS Grade 154662 | 1.54899 | 1.55415 | 1.55913 | 1.56387 0 e
= 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 =
(93 (93
w w

Wavelength (nm)

E6 CLEARCERAM®-ZDMAEREEE1R
Chart No.6 Internal Transmittance Curves for CLEARCERAM®-Z

3-2 KiFBEBE Optical Transmission

3-3 BIREDBEFE  Effect of Temperature on Refractive Indices

100 CLEARCERAM®-Z Regular
/ / 1523 |t qo13es) |C' (eazss)| He-Ne |D sgaze)| € 4507 |F @7099) |8 wassa
80 -40~-20 126 | 127 | 132 | 132 | 134 | 136 | 140 | 144
20 / / — CLEARCERAM-Z Regular : i : : : : : :
R / — CLEARCERAM-Z HS -20~0 13.0 | 13.1 136 | 136 | 138 | 140 | 144 | 148
B 60 0~20 133 135 | 140 | 140 | 142 | 144 | 148 | 1b.2
8 50 / =X A6 HilE Gess U 20~40 137 | 138 | 144 | 144 | 146 | 148 | 152 | 15.7
@
% I 40~60 140 | 142 | 148 | 148 | 150 | 152 | 157 | 16.2
40
g 60~80 144 | 146 | 1562 | 152 | 154 | 156 | 16.1 16.6
30
20 CLEARCERAM®-Z HS
10
o 1523 |t (o13g8) |C' (Bazss)| HE-Ne |D sgaze)| € a507) |F 47099) |8 wassa
300 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500 -40~-20 123 | 127|128 | 129 | 130 | 132 | 135 | 139
Wavelength (nm) -20~0 127 | 13.1 133 134 | 135 | 13.7 | 14.1 14.5
0~20 132 | 135 | 138 | 139 | 140 | 142 | 146 | 15.0
® ) ~
5 CLEARCERAM®-ZamieiR 20~40 137 | 138 | 143|144 | 145 | 147 | 151 | 156
Chart No.5 Transmission Curves for CLEARCERAM®-Z
40~60 14.1 142 | 148 | 149 150 | 1b.2 157 | 16.2
60~80 14.6 146 | 15.3 154 | 1556 157 162 | 16.7

/10) /M



5-1 (FIEIEIME  Volume Resistivity

BRECH T DPEENEZRUET,

4-1 $35KiEZ  Powder Method

CLEARCERAM®-ZDEZMMA (S, BANFHFIER (JOGIS) RBDHEBITECK > TEHRHL TLIET,
Ffe. MPZIVAUMICDWTIE. Z/\SHREDORETFHEL TLEXT,

Volume Resistivity at various temperatures.
KIEA25~600 umITiEEN/cCLEARCERAM®-Z2Z &I S LAWD. BEEDHRICAN., ENZEHEDAD
FEARASZARAET S ATNICANT, HEKBARTEODBMIEL, IBRHFKRASADESR (Wtkh) Z&H

LET, ® ®
158 HEKIDEE S (DHE.5~7.5) IHRIMDEF(F0.0 | NREAER. T 7)L7 U D& E(F0. 1N B Temp (C) SLEATEEN & resu CHEARCE S T
Y — Y KBRZEERLTOET,
: . oo . . . L . 25 1.5x10'? 6.4x10'®
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. 100 18x10'° 59x%x10'°
For testing, CLEARCERAM®-Z is milled to a grain size of 425~600um. Then it is kept in boiling water for 60 minutes in 200 8.6%10° 1 9% 10°
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, 0.0TN o B
Nitric Acid solution for the Acid Resistance Test, and 0. 1N NaOH solution for the Alkali Resistance Test. 300 1.0x10 6.4x10
400 1.2x107 6.1x10°
CCZ Regular CCZ HS A Std. 500 1.5%x10° 1.5x10°
fi7ZK14% Water Resist.  Rw 2%k Class 2 148 Class 1 JOGIS 600 3.4x10° 3.8%x10°
@)
3z MiE% Acid Resist.  RA 14k Class 1 1#% Class 1 JOGIS 700 9.8x10* 1.0x10°
=
& 77 LAV M Alkali Resist. Ralk 0.25% 0.21% OHARA
=
.,s: 14
%- CLEARCERAM-Z(FtZMRFMUNRIFCH D —MRMNEASTABIUONZAS IR, BNEMAEZE L \
“ TWET, 12 -
CLEARCERAM?®-Z has excellent chemical properties and offers better chemical resistance than amorphous glasses. 0 \ -
S
T 8 s
CLEARCERAMC®-ZDREE (AFMi%) a '3°
Polished Surface of CLEARCERAM®-Z (AFM) nQo 6 '8
Feah Gurfsse Ares smii fero Crossies 3tepkard fssceie fleer 2 \ E".
: I
w
4
2
0
0 100 200 300 400 500 600 700 800
Temperature (C)
— K7 CLEARCERAMP-ZOEREICHIFBloge (o : FHEERAR)

Chart No.7 Volume resistivity of CLEARCERAM®-Z at various temperatures.
Rus:0.15nm Ra:0.12nm

CLEARCERAM®-Zl&. EFUAILOWHEMIHTIRETT .

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

/12 (13
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n A4S  Helium Permeability and Outgassing

6-1 NUYLEBISHE  Helium Permeability

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

25T 100TC 200T 300T 350T

< 0.1 < 0.1 2.6 54 8.6

oD LABBERHERE : 0.1x 10" Pa - m*/sec.
» Sensitivity limit of helium permeability test: 0.1x10-11 Pa'm3/sec.

6-2 B A4S  Outgassing

CLEARCERAM™-ZI$Z N RDMEMN SERENTVEITH. SEFCHLIEZLTH. D SRESND
HARS - EFARASAEAFECHD. EERBMDDODBREAADNEEAEHDEEA. LD T BEEEDBVE
BANCTCLEARCERAM™-Z ZFERLTH. RKBZESRI DT L[EHDFEA.

o SRR IF=EN S 1.000C E CCLEARCERAM -ZZMN#EA U fc S EDREH A ABEHERK D,

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.

EUVLAYRXYYIZ —bk CLEARCERAM®-Z
EUVL Mask Substrates made of CLEARCERAM®-Z

4\

CLEARCERAM™-Z&, TEETAICTABRERE (2 - 29 - P ZLTLET,

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

7-1 & Product Size

W (mm) L (mm) t (mm)
~200 ~ 3,200 ~80
200~500 ~700 ~80

7-2 & - 2% Bubbles and Inclusions

CLEARCERAM™-ZMja - EYFRICOVTUTICRULE T,
CLEARCERAM™-ZMja. RPN T HREIFER. BRFICEEARNL0. TmmU EOBDZERNRELTVET,

The chart shows the classification of bubbles and inclusions of CLEARCERAM-Z
This classification includes all bubbles and inclusions measuring = 0.Tmm.

4% Class Cl ca Cc3 ca
3, N g s
The tlglifgs-igffﬁ%ﬁl;ﬁf)gﬁ?oOcc <0.03 =0.03 =01 =0.25
(r'nmz) Hopiest ' <0.1 <0.25 <20

© 5L CHEDEWVWGHIIRES S TVEEEFR T,
» Standard Class material will be used unless a tighter Class is designated.

7-3 IREE Striae

CLEARCERAM™-ZDiRIEIRE(F. HSRICERABDAZHC. —HELSERTHRELTVET,
CLEARCERAM™-ZDBREZRICDOWVT. LUFITRLET,

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:

R Class IREBDIZE Class Definition
Cl IRIEENERDH SNEWLBD No visible striae
c2 SELTCHRUCIRECEICRZA DRFDHD  Striae is light and scattered
C3 FHIERED DT CHDBD Only slight parallel striae is detected
c4 FECC3RICTIEIEWVBD Any case which does not apply to Class C3

O ICTHREDFVZEIFCARE S B CUVEEE T,
* Class C4 material will be used unless a tighter Class is designated.
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